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1	Work plan related evaluation
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	No



If you answered No:	Then please remove the Excel file from the zip file of this status report.
If you answered Yes:	Then please fill out the attached Excel template to request a modification of the time 		budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 		up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 		RAN meeting. Please highlight all changes of the values.
		One time unit (TU) corresponds to ~ 2 hours in the meeting.
		If this status report covers a WI with Core and Performance part, then please have one 		line for each in the attached Excel table.
		Note: If no Excel table is attached, then this means no time budget change.
Additional explanations/motivations for the time budget changes in the attached Excel table:


2.	Detailed progress in RAN WGs since last TSG meeting (for all involved WGs)
	NOTE: Agreements and Open issues impacted cross-TSG aspects shall be explicitly highlighted
2.1	RAN1
2.1.1	Agreements
RAN1 #101-e
· TR skeleton was endorsed in R1-2004753.

Agreements:
· Adopt the following target data rates for eMBB performance evaluation for FR1.
· Urban scenario: DL 10Mbps, UL 1Mbps
· Rural scenario: DL 1Mbps, UL 100kbps
· Rural with long distance scenario: DL 1Mbps, UL 100kbps, 30kbps (optional)

Agreements:
· For VoIP performance evaluation based on link-level simulation for FR1.
· A packet size of [320] bits with 20ms data arriving interval is adopted.
· TBD: TBS for SIP invite message. Payload of 1500 bytes can be a starting point.

Agreements:
· The basic evaluation methodology is based on link-level simulation for FR1.
· Step 1: Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements.
· Step 2: Obtain the baseline performance based on required SINR and link budget template.
· Note: aspects related to identifying target performance and coverage bottlenecks based on target performance metric is to be handled separately
· The evaluation methodology based on system-level simulation is optional for FR1.
· Note: The simulation assumptions for SLS are up to companies’ reports.

Agreements:
· For link level simulation, adopt the following table for PUSCH and PUCCH for FR1.

	Parameters
	Values

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 4GHz (TDD), 2.6GHz (TDD), 2GHz (FDD), 700MHz (FDD)
Rural with long distance: 700MHz (FDD), 4GHz (TDD) 

	Frame structure for TDD
	DDDSU (S: 10D:2G:2U) only for 4GHz
DDDSUDDSUU (S: 10D:2G:2U) only for 4GHz 
DDDDDDDSUU (S: 6D:4G:4U) only for 2.6GHz
Other frame structures can be reported by companies.

	Pathloss model (select from LoS or NLoS)
	Urban: NLoS
Rural: NLoS and LoS

	BWP
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz (FDD
20MHz (optional for 10MHz) for 700MHz. (FDD)

	SCS
	30kHz for TDD, 15kHz for FDD.

	Channel model for link-level simulation
	TDL-C for NLOS, TDL-D for LOS.
[CDL]

	UE velocity
	Urban: 3km/h for indoor
Rural: 3km/h for indoor, 120km/h  (optional 30km/h) for outdoor

	Frequency hopping
	w/ or w/o frequency hopping for PUSCH
w/ frequency hopping for PUCCH.


· FFS whether there are any additional simulation considerations for the extreme coverage scenarios (e.g., rural)

Agreements:
· Down selection on the following options for the link budget template for FR1 in next meeting.
· Option 1: Adopt single link budget template based on IMT-2020 self-evaluation with necessary revisions, including adding/removing/revising some parameters.
· FFS: The template provided by FL in Tdoc R1-2005005.
· Option 2: Adopt both templates, i.e. link budget template in IMT-2020 self-evaluation and link budget template in TR 36.824.
· Option 3: Adopt single link budget template in TR 36.824 with necessary revisions, including adding/revising some parameters.

Agreements:
Down selection on the following options for antenna array gain for LLS based methodology for FR1 in next meeting.
· Option 1: Antenna array gain is included in the link budget template. 
· FFS: array gain = 10 * 1og10 (number of antenna elements/number of TxRUs)
· FFS: For TDL channel model
· FFS: Values reflective of realistic implementation and network operation.
· Option 2: Antenna array gain is included in LLS.
· FFS: For CDL channel model

Agreements:
· For link level simulation, adopt the following table for PDSCH for FR1.
	Parameters
	Values

	Waveform
	CP-OFDM

	PRBs/MCS/TBS
	Reported by companies.

	PDSCH duration
	12 OS

	Other parameters
	FFS



Agreements:
· For link level simulation, adopt following TBS for Msg3 for FR1
· 56 bits

Agreements:
· For link level simulation, the packet size of VoIP for FR2 is the same as FR1.

Agreements:
· For link level simulation, TBS of Msg3 for FR2 is the same as FR1.

Agreements:
· The evaluation methodology for FR2 is the same as FR1.

Agreements:
· The link budget template for FR2 is the same as FR1.

Agreements:
· For link level simulation, adopt the following table for PUSCH and PDSCH for FR2.
	Parameters
	Values

	Scenario and frequency
	28GHz

	Frame structure for TDD
	DDDSU (S: 10D:2G:2U)
DDSU (S: 11D:3G:0U)
Other frame structures can be reported by companies.

	Subcarrier Space
	120kHz

	UE velocity
	Indoor scenario:3km/h
Urban scenario: 3km/h for indoor, 30km/h for outdoor. 
Suburban scenario: 3km/h for indoor, 30km/h, (optional: 120km/h) for outdoor.

	Occupied channel bandwidth for
	100MHz, [400MHz]

	Frequency hopping for PUSCH
	w/ or w/o frequency hopping



Agreements:
· For link level simulation, adopt the following table for PUSCH for eMBB data or VoIP for FR1.
	Parameters
	Values

	BLER for PUSCH
	For eMBB, 
w/ HARQ, 10% iBLER; 
w/o HARQ, 10% iBLER.

For VoIP, 2% rBLER.

	Number of UE transmit chains for PUSCH
	1，2 (optional) 

	DMRS configuration for PUSCH
	For 120km/h, (Optional: 30km/h): Type I, 2 or 3 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH mapping Type and DMRS position are reported by companies.

Working assumption:
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.

	Waveform for PUSCH
	DFT-s-OFDM, 
CP-OFDM (optional)

	Repetitions for PUSCH
	For eMBB, 
w/o repetition as baseline, 
w/ repetition (optional).  

For VoIP, w/ repetition. 

The actual number of repetitions is reported by companies.
FFS: Repetition type B

	HARQ configuration for PUSCH
	For eMBB, whether HARQ is adopted is reported by companies. 
For VoIP, w/ HARQ.

The maximum number of HARQ transmission (limited by frame structure and latency requirements) can be reported by companies.

	Latency requirements for voice
	50ms/100ms

	PUSCH duration	
	14 OS



Agreements:
· For link level simulation, adopt the following table for PUCCH for FR1.
	Parameters
	Values

	PUCCH format type
	Format 1, 2bits UCI.
Format 3, [4bits (3 bits A/N + 1 bit SR)]/11/22 bits UCI

	BLER for PUCCH
	For PUCCH format 1: 
DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.
For PUCCH format 3: 
BLER for Ack/Nack, SR: 1%
FFS: BLER for CSI (10% or 1%)

	Number of PRBs for PUCCH
	1 PRB

	Number of UE transmit chains for PUCCH
	1

	Number of repetitions for PUCCH
	w/ repetition (optional), w/o repetition for PUCCH.
The maximum number of repetitions is 8.

	PUCCH duration	
	14 OS

	DMRS configuration for PUCCH
	FFS: number of DMRS symbols for PUCCH Format 3.



Agreements:
· For link level simulation, adopt the following table for eMBB data or VoIP on PUSCH and for PUCCH for FR1.
	Parameters
	Values

	Number of receive antenna elements for BS
	Urban: 192 antenna elements for 4GHz and 2.6GHz, 
(M,N,P,Mg,Ng) = (12,8,2,1,1)
(optional) 128 antenna elements for 4GHz, 
(M,N,P,Mg,Ng) = (8,8,2,1,1)
Rural: 64 antenna elements for 4GHz and 2.6GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
16 antenna elements for 700MHz
(M,N,P,Mg,Ng) = (4,2,2,1,1)

	Number of TxRUs for BS
	gNB architectures to study:
· 2 or 4 TXRUs for 2GHz, 700 MHz 
· 64TxRUs for 2.6 and 4 GHz. 
· Optional: 32 TXRUs at 2 GHz
 gNB modeling in LLS for TDL:
· Option 1: 2 or 4 gNB receive chains in LLS. FFS: correlation
· Option 2: Number of gNB receive chains = number of TXRUs in LLS. FFS: correlation
[gNB architectures to study for CDL: 
· Urban: 64 receive chains for 2.6 and 4 GHz in LLS
· Rural: 8 receive chains for 4GHz and 2.6GHz in LLS
· 4 receive chains for 2GHz and 700MHz in LLS.]
[gNB modeling in LLS for CDL:
 Number of gNB receive chains = number of TXRUs in LLS.]

	Delay spread
	Urban: 300ns
Rural: 300ns
Rural with long distance: 30ns

	PRBs/TBS/MCS for eMBB for PUSCH
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. Companies are encouraged to use 30 PRBs for 1Mbps, 4 PRBs for 100kbps, 1 PRB for 30kbps as a starting point.
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP for PUSCH
	[4 PRBs] for VoIP as starting point. 
Other values of PRBs can be reported by companies.
QPSK, pi/2 BPSK (optional)


Note: For TDL models, companies report whether antenna array gain is included in LLS or link budget template. Array gain calculation method and how channel estimation is accounted for is reported by companies

Agreements:
· Adopt the following target data rates for eMBB performance evaluation for FR2.
· Indoor: DL: 25Mbps, UL:5Mbps 
· Urban: DL: 25Mbps, UL: 5Mbps
· Suburban: FFS: (DL: 1Mbps, UL: 50kbps)

Agreements:
· For link level simulation, adopt the following table for Msg.3 for FR1.
	Parameters
	Values

	Number of PRBs
	2

	Waveform
	DFT-s-OFDM

	Number of DMRS symbol
	w/o frequency hopping: 3,
w/ frequency hopping: 2 for each hop

	PUSCH duration
	14 OS

	Other parameters
	Reported by companies.



Agreements:
· For link level simulation, adopt the following table for PDCCH for FR1.
	Parameters
	Values

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER for PDCCH
	1% BLER
FFS: 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies



Agreements:
· For link level simulation, adopt the following table for SSB for FR1.
	Parameters
	Values

	Periodicity
	20ms

	Performance metric
	Combination of 4 SSBs in 80ms.
Note: UE is not assumed to know the SS/PBCH block index

	Other parameters
	Reported by companies.




Agreements:
· For link level simulation, adopt the following table for PRACH for FR1.
	Parameters
	Values

	Format
	Format 0, Format B4, or Format C2

	SCS
	Reported by companies.

	Performance metric
	1% missed detection at 0.1% false alarm probability
FFS: 10% missed detection.

	Other parameters
	Reported by companies.



Agreements:
· For link level simulation, for PDSCH of Msg.4 for FR1.
· Reuse the following simulation assumption for PDSCH
· Waveform, [PDSCH duration]
· FFS: Payload size: [3000bits].
· Other parameters: Reported by companies.

Agreements:
· For link level simulation, for SSB, PDCCH, PDSCH and PDCCH of Msg.2, PDSCH of Msg.4 and PDSCH for FR1.
· Reuse following simulation assumptions agreed for PUSCH.
· Scenario and frequency, frame structure, SCS, pathloss model, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS.
· The number of UE receive chains: 
· 4 for 4GHz/2.6GHz
· 2 or 4 for 2GHz
· 2 for 700MHz
· For PDSCH, reuse BLER, HARQ, Latency requirements for voice agreed for PUSCH.
·    Reuse DM-RS configuration agreed for PUSCH except that 3 DMRS symbols is used for Msg2.
· For link level simulation, for PRACH and Msg.3 for FR1.
· Reuse following simulation assumptions agreed for PUSCH
· Scenario and frequency, frame structure, pathloss model, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS and Number of UE transmit chains.
· For Msg.3, reuse SCS, HARQ configuration, frequency hopping agreed for PUSCH.

Agreements:
· For link level simulation, adopt the following table for eMBB data or VoIP on PUSCH and on PDSCH for FR2.
	Parameters
	Values

	BLER
	For eMBB, 
w/ HARQ, 10% iBLER, Optional: companies report rBLER.
w/o HARQ, 10% iBLER.

For VoIP, 2% rBLER.

	DMRS configuration
	For 30km/h (optional: 120km/h): Type I, 2 or 3 DMRS symbol, no multiplexing with data.
For frequency hopping for PUSCH: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH/PDSCH mapping Type and DMRS position are reported by companies.

Working assumption:
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.

	Waveform
	DFT-s-OFDM for PUSCH, CP-OFDM for PDSCH
FFS: CP-OFDM for PUSCH

	Repetitions for PUSCH/PDSCH
	For eMBB, 
w/o repetition as baseline, 
w/ repetition (optional).  

For VoIP, w/ repetition. 

The actual number of repetitions is reported by companies.
FFS: Repetition type B for PUSCH.

	HARQ configuration for PUSCH/PDSCH
	For eMBB, whether HARQ is adopted is reported by companies. 
For VoIP, w/ HARQ.

The maximum number of HARQ transmission (limited by frame structure and latency requirements) can be reported by companies.

	PUSCH/PDSCH duration
	14 OS for PUSCH, 12 OS for PDSCH



Agreements:
· For link level simulation, adopt the following table for eMBB data or VoIP on PUSCH and on PDSCH for FR2.
	Parameters
	Values

	Number of antenna elements for BS
	Indoor scenario: 128
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
Urban/suburban scenario: 
256, (M,N,P,Mg,Ng) = (4, 8, 2, 2, 2)
Optional: 512, (M,N,P,Mg,Ng) = (8,8,2,2,2)

	Number of TxRUs for BS
	2
Note: Analog beamforming is assumed.

	Number of UE Tx/Rx chains
	1T2R, 2T2R

	Channel model for link-level simulation
	CDL- A, TDL-A, [urban/suburban: TDL-C]

Note: company can provide simulation results based on either TDL channel or CDL model

	Delay spread
	Indoor scenario: 30ns
Urban scenario: 100ns
Suburban scenario: 100ns

	Latency requirements for voice
	50ms/100ms

	PRBs/TBS/MCS for eMBB for PUSCH/PDSCH
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. Companies are encouraged to use [30] PRBs for 5Mbps for PUSCH and full bandwidth for 25Mbps for PDSCH as a starting point.
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.


	PRBs/MCS for VoIP for PUSCH/PDSCH
	[4 PRBs] for VoIP as starting point. Other values of PRBs can be reported by companies.
QPSK for PDSCH/PUSCH
Optional: pi/2 BPSK for PUSCH



Agreements:
· For link level simulation, adopt the following simulation assumption for eMBB data or VoIP on PUSCH and on PDSCH for FR2.
	Parameters
	Values

	Number of UE antenna elements
	8, one panel:(M, N, P) = (2,2,2), 
FFS: Two panels in link budget, one panel in LLS, 16 for each panel: (M, N, P) = (4,2,2)




Agreements:
· For link level simulation, adopt the following table for PUCCH for FR2.

	Parameters
	Values

	Format
	Format 1, 2bits UCI.
Format 3, [4bits (3 bits A/N + 1 bit SR)]/11/22 bits UCI
FFS: Format 0, 2

	BLER for PUCCH
	The same as FR1

	Number of PRBs for PUCCH
	The same as FR1

	Number of UE transmit chains for PUCCH
	The same as FR1

	Number of repetitions for PUCCH
	The same as FR1

	PUCCH duration
	14 OFDM symbols
FFS: 4 OFDM symbols

	DMRS configuration for PUCCH
	FFS: [4] DMRS symbols for PUCCH Format 3.



Agreements:
· For link level simulation, adopt the following table for PDCCH for FR2.
	Parameters
	Values

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48PRBs 

	Tx Diversity
	Reported by companies

	BLER for PDCCH
	1% BLER.
FFS: 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies



Agreements:
· For link level simulation, adopt the following table for PRACH for FR2.
	Parameters
	Values

	Format
	Format B4, (Optional: Format C2)

	SCS
	Reported by companies.

	Performance metric
	0.1% false alarm, 1% miss-detection
FFS: 10% missed detection.

	Number of SSB beams
	Reported by companies

	Other parameters
	Reported by companies.



Agreements:
· For link level simulation, for SSB, PDCCH, PDSCH and PDCCH of Msg.2, PDSCH of Msg.4 for FR2.
· Reuse following simulation assumptions for PDSCH
· Scenario and frequency, frame structure, SCS, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS, number of UE Tx/Rx chains and UE antenna elements.
· For link level simulation, for PUCCH, PRACH and Msg.3 for FR2.
· Reuse following simulation assumptions for PUSCH
· Scenario and frequency, frame structure, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS, number of UE antenna elements for PUSCH.
· For PRACH and Msg.3, reuse number of UE Tx chains for PUSCH.
· For PUCCH, reuse SCS for PUSCH.
· For Msg.3, reuse SCS, HARQ configuration, frequency hopping for PUSCH.

RAN1 #102-e
· The updated TR is endorsed in R1-2005730.

Agreements:
· TDL models are used to generate results in the link budget templates for FR1 
· This does not preclude companies from performing the link-level simulations using CDL
Agreements (for both FR1 & FR2):
· For the definition of antenna array gain, adopt option 1, i.e. Antenna array gain is included in the link budget template, where there are four antenna gain components 
· Note: the four components are illustrated below – the figure is for illustration purpose only
· FFS which component(s) are NOT part of the definition of antenna array gain
[image: ]

Agreements:
· For TDL Option 1
· Definition of MCL
· Total transmit power - Receiver sensitivity + gNB antenna gain (component 2)
· Definition of MIL
· Total transmit power - Receiver sensitivity + gNB antenna gain (component 2 + 3 + 4) + UE antenna gain 
· Definition of MPL
· Further discussion offline the definition using below as a starting point:
· Total transmit power - Receiver sensitivity + gNB antenna array gain (component 2+3+4 for TDL option 1) + UE antenna gain - (8) Cable, connector, combiner, body losses (Tx side) - (20) Receiver implementation margin + (21a/b) H-ARQ gain - (25a/b) Shadow fading margin + (26) BS selection/macro-diversity gain - (27) Penetration margin + (28) Other gains – (12) Cable, connector, combiner, body losses (Rx side)
· Note: whether/how to use the above definitions is to be discussed
Agreements:
· Adopt single link budget template for both FR1 and FR2 based on IMT-2020 self-evaluation with rows for MIL, MCL, MPL, and necessary revisions, including adding/removing/revising/simplifying some parameters
· [For LLS based methodology, ] coverage bottleneck(s) identification is performed using at least [MCL and] MIL. 
· [MCL values can also be considered to compare channels with similar antenna (and antenna array) gain]

Agreements:
· MPL can be used as supplemental information for coverage bottleneck(s) identification
· The results based on MPL are to be captured in TR
· Note: this is useful to show the achievable ISD. 
· The definition of MPL shall be determined in RAN1
· RAN1 will not further discuss on specific values for the parameters related to MPL 
· IMT-2020 values are as a starting point, but: 
· companies may use other values, and
· for the parameters that companies think IMT-2020 self-evaluation does not clearly define the values for some scenarios, it is up to companies to report
Agreements:
· RAN1 strives for satisfying appropriate targets identified by companies particularly operators
· The targets may be in the form of one or more of the following:
· 1. Scenario dependent targets, e.g., ISD/MPL
· 2. Service dependent targets, e.g., [MCL=147] dB for VoIP;
· 3. Relative difference between channels, e.g, MIL(/[MCL])
· Further values and details of such targets will be clarified at RAN1#103-e 
· Note: there is no intention in RAN1 to update the study item objectives due to the identified targets.

Agreements:
· Adopt single link budget template for both FR1 and FR2 based on IMT-2020 self-evaluation with rows for MIL, MCL, MPL, and necessary revisions, including adding/removing/revising/simplifying some parameters
· For LLS based methodology, coverage bottleneck(s) identification is performed using at least MIL or MCL (assuming the set of simulation assumptions)
· Even when SLS is used to obtain some components of MIL or MCL, it is categorized as LLS based methodology.
· MCL values can also be used to identify the coverage bottleneck(s) when applicable
· “applicable” above means the following situation:
· [comparing channels with similar antenna (and antenna array) gain, and/or
·  the simulation results with MIL from companies are diverse, and the comparison with MIL is not easy]
Agreements:
· for SIP invite message 
· Payload of 1500 bytes can be a starting point.
· The assumptions (TB size, time period etc.) are reported by companies.
· Contributions R1-2003464 and R1-2005259 are taken into account for the evaluation.
· In addition, 1 second time period can also be considered.
Agreements:
For PDSCH, other parameters are reported by companies.

Agreements:
· Confirm the working assumption on DMRS configuration for PUSCH:
· For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
· The number of DMRS symbols is reported by companies 
Agreements:
· Update the description on Repetitions for PUSCH as follows: 
· For VoIP, w/ type A repetition. (optional for type B repetition)
The actual number of repetitions is reported by companies.
Agreements:
· Update the row for BLER for PUCCH as follows:
· BLER for CSI (1%, (optional for 10%) )
Agreements:
	Number of TxRUs for BS
	gNB modelling in LLS for TDL:
· 2 or 4 gNB receive chains in LLS.  
· Optional: Number of gNB receive chains = number of TXRUs in LLS. 
· Companies can report if and how correlation is modelled



Agreements:
· Remove the whole bullets about gNB architectures to study for CDL and gNB modelling in LLS for CDL
· Note: if CDL is used for link level simulation for a certain purpose, the assumption for the number of TxRUs for BS is reported by companies, which implies that the assumption will be captured in the TR. 
Agreements:
· The same PDSCH duration as PDSCH is used for Msg.4 PDSCH (i.e. remove the square bracket)
· Note: this does not preclude Msg4 with retransmission as a baseline.
Agreements:
· Update the BLER for PDCCH as follows: 
	BLER for PDCCH
	1% BLER
(optional for 10% BLER)



Agreements:
· The agreement at RAN1#101-e remains: the simulation assumptions for SLS are up to companies’ reports 
· The target performance of SLS based methodology, it is recommended to refer the agreements for LLS based methodology as much as possible. 
· Note: these proposals are not necessary to be captured in the chairman’s note. 
Agreements:
Update the agreements as follows:
· For VoIP performance evaluation based on link-level simulation for FR1
   A packet size of 320bits with 20ms data arriving interval is adopted:

	 
	Size (bits)

	Payload
	256

	CRC
	16 (TBS size lower than 3824 bits)

	MAC
	16 (with 12 bits SN size)

	RLC
	8 (with 6 bits SN size)

	PDCP
	16

	RTP/UDP/IP
	24 (w RoHC)

	
	


      If applicable, companies report TB size assumed in evaluation

Agreements:
· For the evaluation, it is assumed that Msg. 4 PDSCH payload size is 1040 bits.

Agreements:
· For receiver interference density
· Up to each company to report for all scenarios as baseline
· E.g. obtained by SLS, the ones for ITU self-evaluation, etc.

Agreements:
Further clarify the agreement on antenna gain and antenna gain components including antenna gain correction factors as follows:
· For both TDL option 1 (table A below) and TDL option 2 & CDL (table B below)
· The gain of antenna gain component 1 is included in LLS results
· The gain of antenna gain component 2 is included in link budget template
· The gain is expressed by 10 * log 10( N/k ) - 1
·  For TDL option 2 & CDL, the gain is 0 dB
· The gain of antenna gain component 3 is included in link budget template
· The gain of antenna gain component 4 is included in link budget template
· The gain of antenna gain components 3 and 4 is expressed by Antenna Element Gain + 10 * log 10( M/N ) -2
· For Tx, One row is used represent the gain of antenna gain component 3 + 4, i.e. row No. (4) 
· For Rx, One row is used represent the gain of antenna gain component 3 + 4, i.e. row No. (11)
· Note: more appropriate name or explanation will be added to row No.(4) and (11). Details can be discussed when the link budget template is updated. 

Agreements:
· Define PSD for DL Tx power, which is depend on deployment scenario
· For 4GHz frequency,
· For rural with long distance scenario, PSD is 24 and 33 dBm/MHz
· For rural scenario, PSD is 24 and 33 dBm/MHz
· For urban scenario, PSD is 24 and 33 dBm/MHz
· For 2.6 GHz frequency,
· For rural with long distance scenario, PSD is 33 dBm/MHz
· For rural scenario, PSD is 33 dBm/MHz
· For urban scenario, PSD is 33 dBm/MHz
· For 700MHz, 2GHz frequency
· For rural with long distance scenario, PSD is 36 dBm/MHz
· For rural scenario, PSD is 36 dBm/MHz
· For urban scenario, PSD is 36 dBm/MHz
· Modify the description of row(s) of link budget template:  
· Keep the meaning of Total transmit power (row (3) ) and adding a new row (3 bis): 
· (3bis) means the transmit power for occupied channel bandwidth for control channel (17a) or data channel (17b)
· Companies are requested to set appropriate values for parameters, which is used to determine total transmit power ( row (3) and/or (3bis) ), to satisfy the PSD value above
· Note: RAN1 will further check the consistency of the definition of row(s) in link budget table when the IMT-2020 based link budget tale is updated

Agreements:
For FR1 and FR2:
· Further clarify the Definition of MCL for downlink
· Total transmit power – Receiver sensitivity + gNB antenna gain (component 2), where
· Total transmit power corresponds to row No.(3) + {(6) or -(7)} (for control & data channels)
· Receiver sensitivity corresponds to row No.(22a/22b)
· Further clarify the Definition of MIL for downlink
· Total transmit power – Receiver sensitivity + gNB antenna gain (component 2 + 3 + 4) + UE antenna gain, where
· Total transmit power + gNB antenna gain (component 2 + 3 + 4) corresponds to row No.(9a/9b), i.e.
·  (3) + (4) + (5) + (6) – (8) for control channel
·  (3) + (4) + (5) – (7) – (8) for data channel
· Note: the derivation of (9a/9b) will be modified depending on the discussion on antenna gain & antenna gain correction
· Receiver sensitivity corresponds to row No.(22a/22b)
· (Working assumption for FR2) UE antenna gain corresponds to row No.(11)+No(11bis)
· Note: further refinement/definition of (3) and/or (22a/22b) can be discussed when link budget table is updated. 

Agreements:
Definition of MPL for TDL option 1
· MPL = MIL + [(21a/b) H-ARQ gain] – [ (25a/b) Shadow fading margin – (27) Penetration margin ] + [(26) BS selection/macro-diversity gain ] + [(28) Other gains] – [(12) Cable, connector, combiner, body losses (Rx side) ]
· Note1: (8) is not necessary because it is included in the definition of MIL
· Note2: (20) is not necessary because it is included in receiver sensitivity, which is used to derive MIL

Agreements:
·         As for the agreement on antenna gain and antenna gain components including antenna gain correction factors, Table A and Table B are defined as below
[image: ]
Table A. antenna gain components for TDL option 1


[image: ]
Table B. antenna gain components for TDL option 2 and CDL
Agreements:
· Latency requirements assumed in VoIP evaluation for TDD and FDD are reported by companies

Agreements:
· For link level simulations in FR2, only PUCCH format 1 and format 3 are considered for baseline performance evaluation.
· For link level simulations in FR2, only PUCCH duration of 14 OFDM symbols is considered for baseline performance evaluation. 
· For link level simulations in FR2, consider 4 DMRS symbol for PUCCH Format 3.
· Consider only one panel at the UE in link budget in FR2.
· For link budget calculation in FR2, downlink transmit power is scaled by the occupied bandwidth. The following downlink transmit power vs occupied bandwidth values are considered as baseline for the calculations:
· 40 dBm for 100 MHz Urban scenario,
· 23 dBm for 100 MHz Indoor scenario.
· For link budget calculation in FR2, an uplink transmit power of 23dBm is considered for baseline performance evaluations. Other values can be reported by companies.
· Confirm the target throughput values of the REL-17 SID for the suburban scenario:
· DL: 1 Mbps, UL: 50 kbps
· Study performance of PUSCH in FR2 only for DFT-s-OFDM. 
· For link level simulations, only 1% BLER should be considered for baseline performance evaluation of PDDCH in FR2. 
· For link level simulations in FR2, only PUSCH repetition type A is considered for baseline performance evaluation. 
· Note: companies are not precluded to report results for repetition type B.
· Suburban scenario is deprioritized for NR coverage enhancement SI.
· Baseline performance evaluation of msg1 transmission is studied for 1% missed detection probability in FR2.
· Only 1% BLER target should be considered for baseline performance evaluation of PUCCH in FR2, regardless of whether UCI includes CSI feedback or not.
· Simulation assumptions for SLS in FR2 are up to companies’ reports, i.e., no more clarification is needed, as per agreement during RAN1#101-e.

[bookmark: _Hlk48920876]Agreements:
· Capture the following updated structure in TR 38.830.
6.1	PUSCH coverage enhancements	
6.1.1	Time-domain based solutions
6.1.2 	Frequency-domain based solutions
6.1.3	DM-RS enhancements
6.1.4 	Power-domain based solutions
6.1.5 	Spatial-domain based solutions
6.1.6	Others
Agreements:
· Prioritize the study on the performance and specification impacts on time domain based solutions for PUSCH enhancements, including
· Increase the number of repetitions for PUSCH repetition  type A 
· PUSCH repetition with non-consecutive slots/on the basis of available slots for TDD
· Note: whether increasing the number of PUSCH repetition for FDD depends on the outcome of AI 8.8.1.1.
· Enhancement on PUSCH repetition Type B
· E.g., actual repetition across the slot boundary, or the length of actual repetition larger than 14 symbols, etc.
· TB processing at least over multi-slot PUSCH
· e.g., single TB, sized for a single slot, but transmitted in parts over multiple slots; or single TB, sized for multiple slots, transmitted over multiple slots, and in conjunction with repetition, etc.
· FFS
· OCC spreading based repetition
· Symbol-level repetition
· TB interleaving
· RV repetition
· Early termination of PUSCH repetitions

Agreements:
· Following solutions are not considered for PUSCH enhancements in this study item in RAN1:
· Enhancements to improve spherical coverage / beam correspondence
· Reflective arrays
· Polarization aspects of the UL and/or DL reference signals

Agreements:
· Prioritize the study on the performance and specification impacts on DM-RS enhancements for PUSCH, including 
· Cross-slot channel estimation
· With a lower priority compared with cross-slot channel estimation (i.e., companies are encouraged to study it)
· Lower density
· E.g., DM-RS sharing among multiple PUSCH transmissions or lower DMRS density in the frequency domain.
· Higher density 
· E.g., in time or frequency domain, e.g., 1-comb pattern
· Adaptive configuration
· DM-RS balancing among frequency hops

Agreements:
· Multiple layer PUSCH transmission with DFT-S-OFDM for PUSCH enhancements can be studied with low priority.
· Study open-loop/closed loop Tx diversity for PUSCH enhancements with low priority.

Agreements:
· Study the performance and specification impacts on frequency domain based solutions for PUSCH, including
· Inter-slot frequency hopping 
· with more frequency offsets
· with more frequency hopping positions.
· Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation
· Enhancements on frequency hopping for PUSCH repetition type B
· Note that the above inter-slot frequency hopping enhancement can apply for PUSCH repetition type B
· Sub-PRB transmission for VoIP
· FFS: details, e.g., number of tones, multi-slot aggregation
· FFS
· Intra-slot frequency hopping 
· with more frequency offsets
· with more frequency hopping positions.
[Note: Appropriate simulation assumptions are expected.]

Agreements:
· Study following power domain based solution for PUSCH enhancements
· Waveform design to optimize MPR/A-MPR
· [FDD high power UE]
· Power boosting for pi/2 BPSK 
Note: if a LS to RAN4 (for the last two bullets) is deemed necessary, target sending the LS in the 1st week of RAN1#103-e

[bookmark: _Hlk49248398]Agreements:
Contingent on all of the outcome of sub-agenda 8.8.1 regarding PUCCH enhancements, prioritize the study of the following schemes for PUCCH coverage enhancement,
· DMRS-less PUCCH
· FFS: design detail for DMRS-less PUCCH, e.g., sequence based PUCCH transmission, v.s. reuse Rel-15 scheme to transmit UCI without DMRS 
· Rel-16 PUSCH-repetition-Type-B like PUCCH repetition at least for UCI <=11 bits. 
· (Explicit or implicit) Dynamic PUCCH repetition factor indication
· DMRS bundling cross PUCCH repetitions
· Including study of transmitting a subset of PUCCH repetitions without DMRS, at least for UCI<=11 bits
Note 1: other schemes are not excluded. 
Note 2: the study on DMRS bundling for PUCCH repetition can be a joint study with DMRS bundling for PUSCH repetition studied under 8.8.2.1.
Note 3: Companies are invited to report details of the receivers used in the evaluation. Advanced receiver can be included (not mandatory) in performance evaluations. Performance and receiver complexity are discussed respect to a baseline Rel-15/16 PUCCH scheme. 
Note 4: proposed PUCCH repetitions scheme shall account for the resources used by PUSCH to meet the throughput target and should be compared against Rel-15/16 PUCCH repetition framework. 
[Note 5: enhancement on one or more PUCCH formats/UCI types may or may not be needed, depends on the outcome of sub-agenda 8.8.1]

Agreements:
 Deprioritize the study of the following schemes for PUCCH coverage enhancement
· UE Antenna configuration enhancement for FR2
· Relay (including sidelink relay)
· Reflective arrays

Agreements: 
Contingent on all of the outcome of sub-agenda 8.8.1 regarding PUCCH enhancements, the following schemes for PUCCH coverage enhancement can be further studied
· Sequence based PF 0/1 with Pi/2 BPSK
· Pre-DFT data-RS multiplexing for PF2 with Pi/2 BPSK
· UCI size reduction 
· Freq hopping enhancement for PUCCH
· Short/mini-slot PUCCH repetition
· Power control enhancement for PUCCH (including power boost for pi/2 BPSK)
· Increase maximum # allowed repetitions for PUCCH
· PUCCH Transmit diversity scheme
· Symbol-level repetition for long PUCCH
· Split UCI payload on short and long PUCCH on adjacent S and U slots
· Potential higher DMRS density for PUCCH with repetitions

Conclusion: 
For the performance evaluation of PUCCH coverage enhancement schemes under 8.8.2.2, use PUCCH simulation assumptions agreed under 8.4.1 in RAN1#101e as a baseline. Companies are encouraged to report additional simulation parameters/assumptions particular to their proposed schemes together with the simulations results in RAN1 #103e.

Agreements:
· Study Msg3 PUSCH enhancement in NR coverage enhancement SI
· Study at least Msg3 PUSCH repetition
· FFS the aspects to be enhanced, e.g., signaling indication, repetition pattern, interplay between Msg1 and Msg3, DM-RS enhancements related to repetition etc.
· FFS multiple-antenna techniques.

Agreements:
· Study whether or how to enhance MsgA PUSCH in NR coverage enhancement SI 

Agreements:
If PRACH enhancement is needed, study it in NR coverage enhancement SI, e.g. multiple PRACH transmissions.

Agreements:
Study whether/how to enable potential techniques for early CSI and/or beam refinement for physical channels during initial/random access procedure.

Agreements:
· If PDCCH enhancement is needed based on evaluation, study PDCCH enhancement for NR coverage enhancement 
· Study at least for broadcast PDCCH
· For broadcast PDCCH, it includes a PDCCH monitored in a Type0/0A/1/2-PDCCH CSS set.
· FFS unicast PDCCH
· Study the aspects to be enhanced, e.g., PDCCH repetition.

Agreements:
Further discuss the evaluation of PDSCH and discuss whether/how to enhance PDSCH in NR coverage enhancement SI. 

Agreements:
Enhancement to PUSCH scheduled by RAR UL grant will not consider the optimization specific for CFRA case in NR coverage SI.

Agreements:
· Capture the following structure in TR 38.830.
6.3 	Coverage enhancements for channels other than PUSCH and PUCCH
6.3.1 	Enhancements for Msg3 PUSCH
· Note: The above structure can be further updated by adding more sections under section 6.3 for other enhancements if justified.

Agreement:
· Antenna array gain at a UE for FR1 and FR2 is clarified as follows:
· The meaning of k, N and M:
·  is the number of Tx/Rx chains, e.g., number of SRS/CSI-RS ports to be simulated in LLS. 
·  is the number of antenna elements used both for transmission and reception, i.e.,  xpol antenna elements.
· A formal definition of N is not necessary for UE antenna array gain modeling.
· The values for k and the relationship between k and M are clarified as follows:
· For FR1, k = M is assumed for the simulations, and 
·  for Tx (optional k = 2)
·  for Rx
· For FR2, there are two possibilities for simulations: 
· ; for Tx and  for Rx; or
· .
· Antenna array gain in transmission/reception to input in link budget template is given by 
· , where
· is a correction factor to account for various non-idealities impacting the actual antenna array gain, if any
· For FR1, . 
· For FR2, 3 is channel procedure/dependent, and reported by companies. 
· The values for antenna element gain:
· 0 dBi for FR1
· 5 dBi for FR2

Agreement:
· The working assumption for FR2 is updated as follows:
· UE receive antenna gain is given by row No.(11) + row No. (11bis) -
· UE transmit antenna gain is given by row No. (4) + row No. (5) -

Agreement:
· The agreement on the definition of MIL for downlink is updated by adding Rx loss as follows:
· Total transmit power – Receiver sensitivity – Rx loss + gNB antenna gain (component 2 + 3 + 4) + UE antenna gain, where
· Rx loss corresponds to row No. (12)
· MPL = MIL – (25a/b) Shadow fading margin + (26) BS selection/macro-diversity gain – (27) Penetration margin + (28) Other gains
· It is confirmed that H-ARQ gain is included in sensitivity
· H-ARQ gain should be included in LLS. In this case, “(21a/b) H-ARQ gain” is set to zero
· If not, “(21a/b) H-ARQ gain” can be used for companies report
· Note: as per the former agreement, the values for rows (25a/b) (26) (27) (28) and (12) are left to companies’ report, which includes the values for IMT-2020 self evaluation and/or using 0 dB
· Note:  (12) Cable, connector, combiner, body losses (Rx side) is not included in MCL, but included in MIL and MPL
· Note: as per the agreement on MIL definition for downlink, (8) Cable, connector, combiner, body losses, etc.  is included in MIL. This implies that (8) is also included in MPL.
· The definition of MCL, MIL and MPL for TDL Option 2 & CDL is the same as that for TDL option 1
· Note: The agreements on MIL, MCL and MPL definition is used to show which components of link budget template are included / not included. The sophistication of MIL, MCL and MPL formula will be discussed under [102-e-Post-NR-CovEnh-02] email discussion by using draft link budget template prepared by the FL.

Agreement:
· Agree the following link budget template
	Transmitter

	(1) Number of transmit antenna elements.

	(2) Number of [transmit TxRUs]
Note:  this row is void (left empty) for uplink

	(2a) Number of transmit chains modelled in LLS

	(3) Total transmit power (dBm) 
Note: total transmit power for system bandwidth 

	(3a) System bandwidth for downlink, or occupied bandwidth for uplink (Hz)

	(3b) Power Spectrum Density = (3) - 10 log( (3a) / 1000000 )  (dBm/MHz) 
Note: For FR1 downlink, (3b) should satisfy the following: 
  For 4GHz frequency, 24 and 33
  For 2.6 GHz frequency, 33
  For 700MH and 2GHz frequency, 36
Note: For FR2 downlink, the following should be satisfied:
   40 dBm for 100 MHz Urban scenario,
   23 dBm for 100 MHz Indoor scenario.
Note: no PSD constraint for uplink

	(3c) Bandwidth used for the evaluated channel  (Hz)
Note: (3c) is identical to the number of PRBs assigned to the channel evaluated.
     For uplink, (3a) = (3c) 

	(3bis) Total transmit power for occupied bandwidth    =  (3b) + 10 log ( (3c) / 1000000 ) (dBm)

	(4) Total antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter = (4a) – (4b)  (dB)

	(4a) Antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter
       =   (4c) + 10 log ( (1) / (2) ) (dB)  for downlink, and
       =   (4c) + 10 log ( (1) / (2a) ) (dB)   for uplink

	(4b) Antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of transmitter (dB)

	(4c) Gain of antenna element (dBi) 

	(5) Total antenna gain at antenna gain component 2  of transmitter = (5a) - (5b)  (dB)
Note: zero for uplink

	(5a) Antenna gain at antenna gain component 2 of transmitter = 10 log( (2)/(2a)) (dB)
Note: zero for uplink

	(5b) Antenna gain correction factor at antenna gain component 2 of transmitter (dB)
Note: zero for uplink

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)

	(9) EIRP = (3bis) + (4) + (5) – (8) dBm

	Receiver

	(10) Number of receive antenna elements

	(10a) Number of [receive TxRUs]
Note: this row is void (empty) for downlink

	(10b) Number of receive chains modelled in LLS

	(11) Total antenna gain at antenna gain component 3 & antenna gain component 4 of receiver = (11a) - (11b)  (dB) 

	(11a) Antenna gain at antenna gain component 3 & antenna gain component 4 of receiver 
    =  (11c) + 10 log (  (10)/(10a) )     (dB) for uplink
    =  (11c) + 10 log (  (10)/(10b) )     (dB) for downlink

	(11b) Antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of receiver (dB)

	(11c) Gain of antenna element (dBi)

	(11bis) Total antenna gain at antenna gain component 2 of receiver = (11bis-a) - (11bis-b) (dB)
Note: zero for downlink

	(11bis-a) Antenna gain at antenna gain component 2 of receiver = 10 log( (10a)/(10b)) (dB)
Note: zero for downlink

	(11bis-b) Antenna gain correction factor at antenna gain component 2 of receiver (dB)
Note:  zero for downlink

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)

	(13) Receiver noise figure (dB)

	(14) Thermal noise density (dBm/Hz)

	(15) Receiver interference density (dBm/Hz) 

	(16) Total noise plus interference density  = 10 log (10^(( (13) + (14))/10) + 10^((15)/10))    (dBm/Hz)

	(18) Effective noise power = (16) + 10 log ((3c))   (dBm)

	(19) Required SNR (dB)

	(20) Receiver implementation margin (dB)

	(21) H-ARQ gain (dB)
Note: Only applicable if HARQ is not considered in LLS

	(22) Receiver sensitivity = (18) + (19) + (20) – (21)  (dBm)

	(22bis) MCL = (3bis) – (22) + (5) + (11bis)   (dB)

	(23) Hardware link budget, a.k.a. MIL  = (9) + (11) + (11bis) − (12) − (22)   (dB)
Note: MIL can also be derived by (22bis) + (4) – (8) + (11) − (12)

	Calculation of available pathloss

	(25) Shadow fading margin  (function of the cell area reliability and lognormal shadow fading std deviation) (dB)

	(26) BS selection/macro-diversity gain (dB)

	(27) Penetration margin (dB)

	(28) Other gains (dB) (if any please specify)

	(29) Available path loss = (23) – (25) + (26) – (27) + (28)   (dB)

	Range/coverage efficiency calculation

	(30) Maximum range (based on (29) and according to the system configuration section of the link budget) (m)



Agreement:
· The values for following parameters are provided together with the link budget template
· The details how to provide the values (i.e. by introducing rows in the same/different tab, by different excel file, by different tabs, etc. ) is up to rapporteur and feature leads. 
	Scenarios

	Carrier frequency (GHz)

	BS antenna heights (m)

	UT antenna heights (m)

	Cell area reliability (%)

	Lognormal shadow fading std deviation (dB)

	Pathloss model (select from LoS or NLoS)

	UE speed (km/h)

	Channel for evaluation

	UL-DL configuration for TDD

	Subcarrier Spacing

	Channel model for link level simulation

	Frequency hopping

	Number of PRBs, TBS and MCS

	BWP size

	DMRS configuration

	Waveform

	Repetition

	HARQ configuration

	Latency requirements for voice 

	PUCCH format type

	Tx Diversity

	Target error rate (BLER, miss detection, false alarm, etc.)

	PRACH format 

	Number of SSB 

	Correlation for TxRU at BS

	Description on how the value in antenna gain correction factor in (4b) is derived

	Description on how the value in antenna gain correction factor in (5b) is derived

	Description on how the value in antenna gain correction factor in (11b) is derived

	Description on how the value in antenna gain correction factor in (11bis-b) is derived

	Description on how the value in (8) is derived

	Description on how the value in (12) is derived

	Other parameters



RAN1 #103-e
· The updated TR is endorsed in R1-2009461.
· The final TR is endorsed in R1-2009851.

Agreements:
· Representative values of the absolute values of [MCL, MIL and MPL] are used for bottleneck identification
· Further down-selection one or more of MCL/MIL/MPL may be performed depending on the decision of target performance metric(s)
· Companies can also report their individual observations of the bottleneck based on individual simulation results
· How to use the respresentive values is FFS
· A representative value is derived by taking the mean value (in dB domain) from companies’ evaluation results
· Excluding the highest & the lowest values when the number of samples is more than 3
· If the number of samples used to compute a representative value is less than 4 for each scenario, this representative value is not used for bottleneck identification
· In this case, observations may still be drawn 

Agreements:
1. Rephrase the following terminologies, which is used in e.g. link budget template:
0. “PDCCH of Msg.2” refers to as “broadcast PDCCH (PDCCH of Msg.2)”
0. “PDCCH” refers to as “unicast PDCCH”

Agreements:
1. Representative values are computed for the following channels or signals for FR1, and they are used to draw observation and to identify bottlenecks (if any) if the number of samples for each scenario is more than Y (Y=3) 
1. PUSCH for eMBB (FDD, & TDD with DDDSU and DDDSUDDSUU for 4GHz, DDDDDDDSUU for 2.6GHz)
1. PUSCH for VoIP (FDD, & TDD with DDDSU and DDDSUDDSUU for 4GHz, DDDDDDDSUU for 2.6GHz)
1. PUCCH Format 1 with 2bits
1. PUCCH Format 3 with 11bits
1. PUCCH Format 3 with 22bits
1. SSB
1. PRACH format 0
1. PRACH format B4
1. Broadcast PDCCH (PDCCH of Msg.2)
1. PDSCH for Msg.2
1. PUSCH of Msg.3
1. PDSCH of Msg.4
1. Unicast PDCCH
1. PDSCH for eMBB (FDD, & TDD with DDDSU and DDDSUDDSUU for 4GHz, DDDDDDDSUU for 2.6GHz)
1. PUCCH with HARQ-ACK for Msg.4   

Agreements:

1. The following scenarios are used for drawing observations and bottleneck identification for FR1
2. 1st priority 
0. Urban 4GHz TDD 
0. Urban 2.6GHz TDD 
0. Rural 4GHz TDD NLOS O2I
0. Rural 700MHz FDD NLOS O2I
0. Rural 2GHz FDD NLOS O2I 
0. Rural 2.6GHz TDD NLOS O2I 
2. 2nd priority
1. Rural 700MHz with long distance FDD LOS O2O 
1. Rural 4GHz with long distance TDD LOS O2O 
2. Note: the difference between 1st priority and 2nd priority is as follows
2. RAN1 discussion will focus on 1st priority scenarios for drawing observation and bottleneck identification, while less time will be spent on 2nd priority scenarios
2. If RAN1 cannot reach consensus on 2nd priority scenarios, the scenario(s) will still be captured in the Appendix of the TR for completeness, but no observation/conclusion will be made for them.

Agreements
1. No categorization by other simulation parameters (such as UE speed, antenna gain correction factors) will be introduced for FR1 for deriving representative values
3. The amount of available results for DL channels in FR1 4GHz scenario should be considered as given by the total number of available results for both 33 dBm/MHz and 24 dBm/MHz, given that they can be derived one from the other by simple subtraction, and where each company is counted only once.
3. In order to address the misalignment issue of the companies’ evaluation results due to no categorization and/or different simulation assumptions, 
1. Number of samples and standard deviation is shown together with a representative value, and 
1. A description on the potential fluctuation due to no categorization and/or different simulation assumptions can be added in the observation
1. The evaluation results, which are used for neither representative value derivation nor coverage bottleneck identification due to the lack of number of samples etc., can be used to make additional observations to be captured in the TR.
4. This discussion will be held in RAN1#103-e on a low priority basis.

Agreements:
4. For, Scenario dependent targets, e.g., ISD/MPL
0. The following formula is used to convert an ISD value to a target MPL value (to add the reference when capturing into TR):
0. For urban scenarios,
[image: ]
0. For rural scenarios,
[image: ]
0. For rural with long distance scenarios (working assumption)
[image: ]

Agreements:
· All the parameters/values/configurations related to FR1 modelling for which an agreement has not been reached among companies prior to RAN1 #103-e, will be henceforth treated according to the “reported by companies” principle. RAN1 will not spend further time during RAN1 #103-e on the resolution of these issues.

Agreements:
4. For, Scenario dependent targets, e.g., ISD/MPL
2. For each scenario, multiple target ISD values can be used to draw observations, and a single target ISD value can be used to identify bottlenecks (if applicable)
2. Target ISD values for each scenario are as follows:
0. Urban 4GHz TDD –400, 500m for observation and 400m for bottleneck identification 
0. Urban 2.6GHz TDD –400, 500m for observation and 400m for bottleneck identification
0. Rural 4GHz TDD NLOS O2I – 1732 and 3000 m for observation and 1732m with 33dBm/MHz BS transmit power for bottleneck identification
0. Rural 2.6 GHz TDD NLOS O2I – 1732m for observation and bottleneck identification
0. Rural 2 GHz FDD NLOS O2I – 1732m for observation and bottleneck identification
0. Rural 700MHz FDD NLOS O2I –3000m, 4000m for observation and 4000m for bottleneck identification

Agreements:
4. For Service dependent targets for VoIP
3. MCL of 139.2dB is used for Rural 700MHz scenario for drawing observation and can be used to identify bottlenecks (if applicable)
0. Captured the following table, which shows how the target value (i.e. 139.2dB) is derived, in Annex of the TR. 
	Transmitter
	　

	(2a) Number of transmit chains modelled in LLS
	1

	(3) Total transmit power (dBm) 
Note: total transmit power for system bandwidth 
	23

	(3a) System bandwidth for downlink, or occupied bandwidth for uplink (Hz)
	3840000

	(3b) Power Spectrum Density = (3) - 10 log( (3a) / 1000000 )  (dBm/MHz) 
Note: For FR1 downlink, (3b) should satisfy the following: 
  For 4GHz frequency, 24 and 33
  For 2.6 GHz frequency, 33
  For 700MH and 2GHz frequency, 36
Note: For FR2 downlink, the following should be satisfied:
  40 dBm for 100 MHz Urban scenario,
  23 dBm for 100 MHz Indoor scenario.
Note: no PSD constraint for uplink
	17.16 

	(3c) bandwidth used for the evaluated channel  (Hz)
Note: (3c) is identical to the number of PRBs assigned to the channel evaluated.
          for uplink, (3a) = (3c) 
	3840000

	(3bis) Total transmit power for occupied bandwidth    =  (3b) + 10 log ( (3c) / 1000000 ) (dBm)
	23.00 

	(5) total antenna gain at antenna gain component 2  of transmitter = (5a) - (5b)  (dB)
Note: zero for uplink
	0

	(5a) antenna gain at antenna gain component 2 of transmitter = 10 log( (2)/(2a)) (dB)
Note: zero for uplink
	0

	(5b) antena gain correction factor at antenna gain component 2 of transmitter (dB)
Note: zero for uplink
	0

	Receiver
	　

	(10a) Number of [receive TxRUs]
Note: this row is void (empty) for downlink
	2

	(10b) Number of receive chains modelled in LLS
	2

	(11bis) total antenna gain at antenna gain component 2  of receiver = (11bis-a) - (11bis-b) (dB)
Note: zero for downlink
	0

	(11bis-a) antenna gain at antenna gain component 2 of receiver = 10 log( (10a)/(10b)) (dB)
Note: zero for donwlink
	0

	(11bis-b) antena gain correction factor at antenna gain component 2 of receiver (dB)
Note:  zero for downlink
	0

	(13) Receiver noise figure (dB)
	5

	(14) Thermal noise density (dBm/Hz)
	-174

	(15) Receiver interference density (dBm/Hz) 
	-165.7

	(16) Total noise plus interference density        = 10 log (10^(( (13) + (14))/10) + 10^((15)/10))    (dBm/Hz)
	-164.0

	(18) Effective noise power = (16) + 10 log((3c))   (dBm)
	-98.2

	(19) Required SNR (dB)
	5

	(20) Receiver implementation margin (dB)
	2

	(21) H-ARQ gain (dB) or Process gain for UMTS
Note: Only applicable if HARQ is not considered in LLS, 
	25

	(22) Receiver sensitivity = (18) + (19)  + (20) – (21)  (dBm)
	-116.2

	(22bis) MCL = (3bis)  - (22) + (5) + (11bis)   (dB)
	139.2 



3. The following channels/signals are used:
1. PUSCH for VoIP 
1. PUCCH format 1
1. PUCCH format 3 with 11bits
1. SSB
1. PRACH format 0
1. PDCCH of Msg.2
1. PDSCH for Msg.2
1. PUSCH of Msg.3
1. PDSCH of Msg.4
1. PDCCH

Agreements:
1. Capture the following table (working assumption) showing the result of bottleneck identification by using absolute metrics 
[image: ]

Agreements:
1. For FR1, the potential bottleneck channels identified by absolute metrics can be further filtered by using relative difference between channels in MIL
6. FFS details, including the possibility of applying the relative difference for a limited set of scenario(s)

Agreements:
1. For Rural with long distance 4GHz TDD LOS O2O scenario, 12km is applied for observation and bottleneck identification

Agreements:
1. The following channels are identified as the potential bottleneck channels derived from the absolute metrics (i.e. service dependent metric and scenario dependent metrics) and the relative metric (i.e. relative difference between channels)
8. 1st priority 
0. PUSCH for eMBB (for FDD and TDD with DDDSU, DDDSUDDSUU and DDDDDDDSUU)
0. PUSCH for VoIP (for FDD and TDD with DDDSU, DDDSUDDSUU)
8. 2nd priority  
1. PRACH format B4 
1. PUSCH of Msg.3
1. PUCCH format 1
1. PUCCH format 3 with 11bit 
1. PUCCH format 3 with 22bit 
1. Broadcast PDCCH

Agreements:
8. Confirm the Working Assumption on the pathloss formula for rural with long distance scenarios.
8. TR editor will take care of the detailed description regarding which model in the reference document is used for these formulae. 

Agreements:
1. For Relative difference between channels
9. MIL is used to derive relative differential values.
9. Relative difference between channels is used to draw observation for the 1st and 2nd priority scenarios, and can be used to identify bottlenecks (if applicable)
9. For each channel, relative differential value is defined by the following formula for FR1
2. (MIL of the channel) – (MIL of the worst channel among the channels that have more than 3 samples)

Agreements:
1. Capture the following tables in Annex of the TR
10. Note: Even when the channel has less than 4 samples, it can be included in the table. 
10. Note: The excelsheet for this table is found below:
10. https://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_103-e/Inbox/drafts/8.8.1.1/6th_round/FR1-representative-values_r3.xlsx
10. Urban 4GHz scenario
3. For BS with 33dBm/Hz Tx power
[image: ]
3. For BS with 24dBm/Hz Tx power
[image: ]
10. Urban 2.6GHz scenario
[image: ]
10. Rural 4GHz TDD NLOS O2I scenario
5. For BS with 33dBm/Hz Tx power
[image: ]
5. For BS with 24dBm/Hz Tx power
[image: ]
10. Rural 2.6GHz TDD NLOS O2I scenario
[image: ]
10. Rural 2GHz Rural 2GHz FDD NLOS O2I scenario
[image: ]
10. Rural 700MHz FDD NLOS O2I scenario
[image: ]
10. Rural 4GHz with long distance TDD NLOS O2O scenario
[image: ]

Agreements:
1. Capture the following observation for Urban 4GHz TDD scenario in the TR
11. PUSCH for eMBB with frame structure DDDSU is the worst channel in terms of MIL, and can be the coverage bottleneck for the given scenario. 
11. In order to achieve 400m ISD, the following channel(s) needs to be enhanced:
1. PUSCH for eMBB with frame structure DDDSU
1. PUSCH for eMBB with frame structure DDDSUDDSUU
11. In order to achieve 500m ISD, the following channel(s) needs to be enhanced:
2. PUSCH for eMBB with frame structure DDDSU
2. PUSCH for eMBB with frame structure DDDSUDDSUU 
2. PUSCH for VoIP with frame structure DDDSU
2. However as shown by standard deviation in the table, this additional gain may be achieved by the existing technologies or parameter optimization, which means that new a functionality in Rel-17 is not always required. 
2. PUSCH for VoIP with frame structure DDDSUDDSUU 
3. However as shown by standard deviation in the table, this additional gain may be achieved by the existing technologies or parameter optimization, which means that a new functionality in Rel-17 is not always required. 
2. PUCCH format 3 with 22 bit payload
2. PRACH Format B4
5. However as shown by standard deviation in the table, this additional gain may be achieved by the existing technologies or parameter optimization, which means that a new functionality in Rel-17 is not always required. 
2. PUSCH of Msg.3
11. If low transmit power BS (i.e 24dBm/MHz) is assumed, the following DL channel(s) needs to be enhanced, additionally.
3. For 400m ISD
0. Broadcast PDCCH (PDCCH of Msg.2)
3. For 500m ISD
1. SSB
1. Broadcast PDCCH (PDCCH of Msg.2)
1. PDSCH for eMBB with frame structure DDDSUDDSUU
2. However as shown by standard deviation in the table, this additional gain may be achieved by the existing technologies or parameter optimization, which means that a new functionality in Rel-17 is not always required. 

Agreements:
1. Capture the following observation for Urban 2.6GHz TDD scenario in the TR
12. PUSCH for eMBB with frame structure DDDDDDDSUU is the worst channel in terms of MIL, and can be the coverage bottleneck for the given scenario. 
12. In order to achieve 400m ISD, the following channel(s) needs to be enhanced:
1. PUSCH for eMBB with frame structure DDDDDDDSUU
12. In order to achieve 500m ISD, the following channel(s) needs to be enhanced:
2. PUSCH for eMBB with frame structure DDDDDDDSUU

Agreements:
1. Capture the following observation for Rural 4GHz TDD NLOS O2I scenario in the TR
13. PUSCH for eMBB with frame structure DDDSU is the worst channel in terms of MIL, and can be the coverage bottleneck for the given scenario. 
13. In order to achieve 1732m ISD, the following channel(s) needs to be enhanced for BS with 33dBm/MHz transmit power: 
1. PUSCH for eMBB with frame structure DDDSU
1. PUSCH for eMBB with frame structure DDDSUDDSUU
1. PUSCH for VoIP with frame structure DDDSU
1. PUSCH for VoIP with frame structure DDDSUDDSUU
1. PUCCH Format 1
1. PUCCH Format 3 with 11bit payload
1. PUCCH Format 3 with 22bit payload
1. PRACH Format 0
7. However, due to the lack of the number of samples, the statistical correctness of this estimation has not been pursued in this study item. 
1. PRACH Format B4
1. Broadcast PDCCH(PDCCH of Msg.2)
9. However, due to the lack of the number of samples, the statistical correctness of this estimation has not been pursued in this study item. 
1. PUSCH of Msg.3
1. PUCCH w/ HARQ-ACK for Msg.4
11. However, due to the lack of the number of samples, the statistical correctness of this estimation has not been pursued in this study item. 
13. Achievement of 3000m ISD is not easy because it requires enhancements for all the channels
2. Especially, PUSCH for eMBB with frame structure DDDSU requires huge amount of enhancements

Agreements:
1. Capture the following observation for Rural 2.6GHz TDD NLOS O2I scenario
14. PUSCH for eMBB with frame structure DDDDDDDSUU is the worst channel in terms of MIL, and can be the coverage bottleneck for the given scenario. 
14. In order to achieve 1732m ISD, the following channel(s) needs to be enhanced: 
1. PUSCH for eMBB with frame structure DDDDDDDSUU
1. PUCCH format 3 with 11bit payload
1. PUCCH format 3 with 22bit payload
2. However, due to the lack of the number of samples, the statistical correctness of this estimation has not been pursued in this study item. 

Agreements:
1. Capture the following observation for Rural 2GHz FDD NLOS O2I scenario
15. PRACH format B4 is the worst channel in terms of MIL, and can be the coverage bottleneck for the given scenario. 
0. Since the number of samples to derive the representative value is 4, further analysis is advisable for more accurate MIL estimation on this channel as necessity. It has not been pursued in this study item.
15. In order to achieve 1732m ISD, the following channel(s) needs to be enhanced: 
1. PUSCH with SIP invite 
0. However, due to the lack of the number of samples, the statistical correctness of this estimation has not been pursued in this study item. 
1. PRACH format B4

Agreements:
1. Capture the following observation for Rural 700MHz FDD NLOS O2I scenario
16. For the service based requirement for VoIP that is defined by 139.2dB MCL, the following channels can be bottlenecks for the given scenario. 
0. PUSCH for VoIP
0. PUSCH with SIP invite
1. However, due to the lack of the number of samples, the statistical correctness of this estimation has not been pursued in this study item. 
0. PUSCH for CSI with 11bit payload
2. However, due to the lack of the number of samples, the statistical correctness of this estimation has not been pursued in this study item. 
0. PUSCH for CSI with 22bit payload
3. However, due to the lack of the number of samples, the statistical correctness of this estimation has not been pursued in this study item. 
0. PUCCH Format 1
0. PUCCH Format 3 with 11bit payload
0. PRACH Format B4
6. However, due to the lack of the number of samples, the statistical correctness of this estimation has not been pursued in this study item. 
0. PUSCH of Msg.3
16. PUCCH format 3 with 22 bit payload is the worst channel in terms of MIL, and can be the coverage bottleneck for the given scenario. 
1. As the table of representative values (in annex) shows, the gap between the worst and the 2nd worst channel (PUSCH for eMBB) is relatively small, i.e. in the range of standard deviation. Thus more analysis is necessary for the accurate bottleneck channel identification. However, it has not been pursued in this study item.
16. In order to achieve 3000m ISD, the following channel(s) needs to be enhanced: 
2. PUCCH Format 3 with 22 bit payload
2. PRACH format B4
1. However, due to the lack of the number of samples, the statistical correctness of this estimation has not been pursued in this study item. 
2. PUCCH w/ HARQ-ACK for Msg.4
2. However, due to the lack of the number of samples, the statistical correctness of this estimation has not been pursued in this study item. 
16. In order to achieve 4000m ISD, the following channel(s) needs to be enhanced: 
3. PUSCH for eMBB
3. PUSCH for VoIP
3. PUCCH Format 1
3. PUCCH Format 3 with 11bit payload
3. PUCCH Format 3 with 22bit payload
3. PRACH Format B4
5. However, due to the lack of the number of samples, the statistical correctness of this estimation has not been pursued in this study item.
3. PUSCH of Msg.3
6. However as shown by standard deviation in the table, this additional gain may be achieved by the existing technologies or parameter optimization, which means that a new functionality in Rel-17 is not always required. 
3. PUCCH w/ HARQ-ACK for Msg.4
7. However, due to the lack of the number of samples, the statistical correctness of this estimation has not been pursued in this study item.

Agreements:
1. Capture the following observation for Rural 4GHz with long distance TDD LOS O2O scenario in the TR
17. PUSCH for eMBB with frame structure DDDSU is the worst channel in terms of MIL. However, due to the lack of the number of samples for each channel, the statistical analysis by relative difference between channels could not be performed.  
17. In order to achieve 12km ISD, at least the following channel(s) needs to be enhanced: 
1. PUSCH for eMBB with frame structure DDDSU
1. PUSCH for eMBB with frame structure DDDSUDDSUU
1. This does not mean that other channels do not require any enhancements. RAN1 did not perform any analysis for this point because of the lack of the number of samples for each channel for this scenario. 

Agreements:
1. Capture the following observation in the TR
18. One source (ZTE, R1-2007741) evaluated the target performance, i.e. the 5th percentile geometry SINR value, based on system-level simulation. Compared to the baseline performance, i.e., required SNR based on link level simulation, the following is observed for FR1.
0. In Urban 4 GHz O2I scenario with ISD 500m, PUSCH eMBB, PUSCH VoIP, Msg3, PRACH B4, PUCCH Format 1 with 2 bits, PUCCH Format 3 with 11 bits, and PUCCH Format 3 with 22 bits, requires coverage compensation
0. In Rural 4 GHz O2I scenario with ISD 1732m, PUSCH eMBB, Msg3, PRACH B4, PUCCH Format 1 with 2 bits, PUCCH Format 3 with 11 bits, and PUCCH Format 3 with 22 bits, requires coverage compensation
0. In Rural 2.6 GHz O2I scenario with ISD 1732m, PUSCH eMBB,  Msg3, PRACH B4, PUCCH Format 1 with 2 bits, PUCCH Format 3 with 11 bits and  PUCCH Format 3 with 22 bits require coverage compensation
0. In Rural 700MHz O2O scenario with ISD 1732m, no channel requires coverage compensation.
0. In Rural with long distance 700MHz O2O scenario with ISD 12km, no channel requires coverage compensation.

Agreements:
1. Regarding the working assumption on the result of bottleneck identification by using absolute metrics, the working assumption is confirmed by applying the following table.
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Agreements:
The amount of available results for UL channels in FR2 should be considered as given by the total number of available results for both 23 dBm and 12 dBm, given that they can be derived one from the other by simple subtraction, and where each company is counted only once. 

Agreements :
· For FR2, representative values are computed according to agreements made for FR1 related on representative value calculation method; 
· For FR2, classification of scenarios/channels/frame structures into 1st priority and 2nd priority as follows:
· 1st priority has enough available results, i.e., larger than 2;
· 2nd priority has less than 3 available results. 
· No categorization by other simulation parameters (such as UE speed, antenna array gain correction factors, UE Tx power) will be introduced for FR2.
· At least for FR2
· RAN1 discussion will focus on 1st priority scenarios/channels/frame structures for drawing observations and bottleneck identification. 
· RAN1 discussion will focus on 2nd priority scenarios/channels/frame structures on a low priority basis, i.e., after discussion on 1st priority scenarios/channels/frame structures.
· If results presented for 2nd priority scenarios/channels/frame structures are used by RAN1 for neither representative value derivation nor coverage bottleneck identification, they 
· will still be captured in the Appendix of the TR for completeness;
· can be used to make additional observations to be captured in the TR.
· cannot be used to draw conclusions to be captured in the TR.

Agreements :
If absolute ISD/MPL targets are agreed to be used for coverage bottleneck identification then the following targets are considered for FR2:
· Dense Urban: ISD = 200m; MPL = [123.1] dB;
· Indoor: ISD = [20]m; MPL = [94.03] dB
FFS: If MIL targets are also considered for control and data channels.

Agreements:
Scenarios, with corresponding frame structures, are classified as follows:
· 1st priority
· Urban 28 GHz O2I, DDDSU
· Urban 28 GHz, O2O DDDSU
· Urban 28 GHz, O2I, DDSU [Only PUSCH VoIP, PUSCH and PDSCH]
· Indoor 28 GHz, DDDSU
· 2nd priority
· Indoor 28 GHz, DDSU
· Urban 28 GHz, O2I, DDSU [only PDSCH of msg2]
· Urban 28 GHz, O2O DDSU
· Suburban 28 GHz, O2I DDDSU
· Suburban 28 GHz, O2O DDSU 
Channels are classified as follows:
· 1st priority
· PUSCH for eMBB (12 dBm and 23 dBm) [DDDSU and DDSU]
· PUSCH for VoIP (12 dBm and 23 dBm) [DDDSU and DDSU (Only for Urban)]
· PUCCH Format 1 with 2bits (12 dBm and 23 dBm) [DDDSU]
· PUCCH Format 3 with 11bits (12 dBm and 23 dBm) [DDDSU]
· PUCCH Format 3 with 22bits (12 dBm and 23 dBm) [DDDSU]
· SSB [DDDSU]
· PRACH format B4 (12 dBm and 23 dBm) [DDDSU]
· PDCCH for Msg.2 [DDDSU]
· PUSCH for Msg.3 (12 dBm and 23 dBm) [DDDSU]
· PDSCH for Msg.4 [DDDSU]
· PDCCH [DDDSU]
· PDSCH for eMBB [DDDSU and DDSU (Only for Urban)]
· 2nd priority
· PUSCH for CSI with 11 bits (12 dBm and 23 dBm)
· PUSCH for CSI with 22 bits (12 dBm and 23 dBm)
· PUCCH with 3-HARQ-ACK bits + SR (12 dBm and 23 dBm)
· PUCCH with HARQ-ACK for Msg.4 (12 dBm and 23 dBm)
· PRACH format C2 (12 dBm and 23 dBm)
· PDSCH of Msg.2 
· PUCCH Format 0 (12 dBm and 23 dBm)
· PUCCH Format 2 (12 dBm and 23 dBm)
Agreements:
If absolute ISD/MPL targets are agreed to be used for coverage bottleneck identification then the following targets are considered for FR2:
· Dense Urban: ISD = 200m; MPL = 123.1 dB;
· Indoor: ISD = 20m; MPL = 94.03 dB;
Where MPL values are calculated from ISD targets using the following equations (add reference when capturing into the TR)
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[image: ]
[image: ]
FFS d3D with respect to ISD
FFS: If absolute MIL targets are also considered for coverage bottleneck identification including possible different targets for data and control channels.

Agreements:
For target MPL calculation associated to agreed ISD targets,  is equal to the target range calculated by ISD/.

Agreements:
PUSCH for SIP invite is added to the list of 2nd priority channels for FR2.

Agreements:
Performance targets for FR2 are calculated, for all scenarios, as follows:
· [Absolute] ISD targets are used to find corresponding absolute target MPL values;
· [Relative] Relative differential MIL value of a target channel is calculated considering PUCCH F1 as reference channel, as follows:
· (MIL of the target channel) – (MIL of PUCCH F1)

Coverage bottleneck identification for FR2 is performed using at least absolute MPL and relative differential MIL targets, as follows:
1. Absolute MPL targets are used to filter the channels/signals, i.e., the candidate bottleneck channels.
1. Filtered channels/signals whose relative differential MIL value is negative are considered as a potential coverage bottleneck.
The necessary link budget increase for each bottleneck channel/signal, expressed in the form of MPL increase (in dB), that enhancements for that channel/signal that is to be targeted, are obtained by changing the sign of the relative differential MIL value of the channel/signal.
Other options to draw additional observations from collected results are not precluded.

Agreements:
· The following channels are identified as the potential bottleneck channels for 28 GHz scenario
0. PUSCH eMBB (DDDSU and DDSU)
0. PUSCH VoIP (DDDSU and DDSU)
0. PUCCH F3 11bits
0. PUCCH F3 22bits
0. PRACH B4
0. PUSCH of Msg3
· No evident coverage bottleneck is identified for Indoor scenario for FR2

Agreements :
· PRACH B4 is reference to assess how many additional dBs over the baseline PRACH enhancements may target.
· PUCCH F3 with either 11 bits or 22 bits or both is reference to assess how many additional dBs over the baseline PUCCH F3 enhancements may target

Agreements:
For FR2, coverage bottleneck identification and discussion on enhancements will not include aspects related to the deprioritized Suburban scenario.

Agreements:
For the agreement made in RAN1 #102-e:
	Agreements:
· Study following power domain based solution for PUSCH enhancements
· Waveform design to optimize MPR/A-MPR
· [FDD high power UE]
· Power boosting for pi/2 BPSK
Note: if a LS to RAN4 (for the last two bullets) is deemed necessary, target sending the LS in the 1st week of RAN1#103-e.



RAN1 targets to make a decision whether to further study on power boosting for pi/2 BPSK during this e-meeting.

Agreements: Capture the followings into the TR
· Enhancements on inter-slot frequency hopping were studied from several aspects, including:
· More frequency offsets, e.g. 4 for BWP less than 50 PRBs, 8 for BWP greater than 50 PRBs.
· More frequency hopping positions, e.g. 4.
· Potential specification impacts of enhancements on inter-slot frequency hopping include:
· Frequency domain hopping offsets/positions.

Agreements: Capture the followings into the TR
· Enhancements on DM-RS density were studied from several aspects, including lower DM-RS density in time domain, DM-RS sharing among multiple PUSCH transmissions in the time domain, lower DMRS density in frequency domain, 1-comb DM-RS, e.g., DM-RS with single port spans to occupy the whole DM-RS symbol, and additional DM-RS symbol position in a slot.
· Potential specification impacts of lower DM-RS density in time domain, and DM-RS sharing among multiple PUSCH transmissions include:
· DM-RS pattern and configuration, power consistency, phase continuity, and TBS determination.
· Potential specification impacts of lower DMRS density in the frequency domain include:
· DM-RS design, DM-RS pattern and configuration.
· Potential specification impacts of 1-comb DM-RS include:
· DM-RS design, and TBS determination.
· Potential specification impacts of additional DM-RS symbol position in a slot include:
· DM-RS position.

Agreements: Capture the followings into the TR
· Adaptive DM-RS configuration was studied. Potential specification impacts include:
· Related signaling design.

Agreements: Capture the followings into the TR
· DM-RS balancing among frequency hops was studied. Potential specification impacts include:
· Related signaling design, DMRS configuration and pattern.

Agreements: Capture the followings into the TR
· Enhancements on PUSCH repetition type A were studied from several aspects, including increasing the maximum number of repetitions, the number of repetitions counted on the basis of available UL slots and flexible symbol resource allocation in different slots.
· Potential specification impacts of enhancements on increasing the maximum number of repetitions include:
· TDRA (Time-Domain Resource Allocation).
· Potential specification impacts of enhancements on the number of repetitions counted on the basis of available UL slots include:
· TDRA (Time-Domain Resource Allocation).
· Mechanism to determine transmission occasion of actual repetition.
· Mechanism to determine whether flexible special slot can be determined as an available UL slot.
· Potential specification impacts of enhancements on flexible symbol resource allocation in different slots include:
· TDRA (Time-Domain Resource Allocation).
· Mechanism to determine UL symbols for each slot.

Agreements: Capture the followings into the TR
· TB processing over multi-slot PUSCH was studied from several aspects, including TBS determined based on single slot and transmitted in parts over multiple slots, TBS determined based on multiple slots and transmitted over multiple slots.
· Potential specification impacts of TB processing over multi-slot PUSCH include:
· TDRA (Time-Domain Resource Allocation), TBS determination, RV determination.
· Note that power consistency, phase continuity and enhancements for DM-RS configurations may or may not be required depending on factors such as cross-slot channel estimation, etc.

Agreements: Capture the followings into the TR
· Joint channel estimation or DM-RS bundling with/without optimization of DMRS location/granularity was studied from several aspects, including cross-slot channel estimation over consecutive slots, cross-slot channel estimation over non-consecutive slots, cross-repetition channel estimation within one slot, and inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation.
· Potential specification impacts of joint channel estimation or DM-RS bundling include:
· Power consistency and phase continuity, DM-RS placement in special slot and DM-RS configuration.
· Time domain hopping interval for inter-slot frequency hopping with inter-slot bundling

Agreements: Capture the followings into the TR
· Power boosting for pi/2 BPSK was studied, including beyond 26 dBm as a function of the UL duty cycle.
· Potential specification impacts include 
· UE behavior for power boosting based on the UL time domain resource allocation, explicit or implicit signaling, RF requirement.

Agreements: Capture the followings into the TR
· SIP signal compression was studied for enhancement large payload PUSCH including SigComp used for application information compression and the compression efficiency.
· Potential specification impacts include
· Using compression algorithm to compress the large SIP signaling message in higher layer.

Agreements: Capture the followings into the TR
· Dynamic PUSCH waveform adaptation was studied. Potential specification impacts include:
· Related signaling design.

Agreements: Capture the followings into the TR
· Enhancements on PUSCH repetition type B were studied from several aspects, including actual PUSCH transmission across the slot boundary/invalid symbols, the length of actual repetition larger than 14 symbols, and RV enhancement.
· Potential specification impacts of enhancements on PUSCH repetition type B include:
· TBS determination, DM-RS pattern, TDRA (Time-Domain Resource Allocation), RV determination, 
· Note that power consistency and phase continuity may or may not be required depending on factors such as cross-slot channel estimation, etc.

Agreements:
· Sub-PRB transmission for VoIP was studied from several aspects, including number of tones, sub-PRB transmission with single slot and sub-PRB transmission with multi-slot aggregation.
· Potential specification impacts of sub-PRB transmission with single slot include:
· Frequency domain resource allocation, TBS determination, DM-RS pattern, hopping pattern within/between the PRBs, PUSCH signal generation for DFT-s-OFDM waveform, RF requirement.
· Potential specification impacts of sub-PRB transmission with multi-slot aggregation include:
· Frequency domain resource allocation, time domain resource allocation, TBS determination, DM-RS pattern, RV determination, hopping pattern within/between the PRBs, PUSCH signal generation for DFT-s-OFDM waveform, RF requirement.

Agreements: Capture the followings into the TR
· Enhancements on intra-slot frequency hopping were studied from several aspects, including:
· More frequency offsets, e.g. 4 for BWP less than 50 PRBs, 8 for BWP greater than 50 PRBs.
· More frequency hopping positions, e.g. 3.
· More time-domain hop positions within a slot, e.g. 3.
· DM-RS sharing among multiple PUSCH transmissions with the same frequency position between two consecutive slots [add a reference to the section of DM-RS enhancements when capturing in the TR].
· Potential specification impacts of enhancements on intra-slot frequency hopping include:
· Frequency domain hopping offsets, DM-RS pattern, TBS determination.
· Power consistency and phase continuity for DM-RS sharing among multiple PUSCH transmissions

Agreements: Capture the followings into the TR
· UE transmit waveform design to reduce MPR was studied from several aspects, including tone reservation, FDSS (Frequency Domain Spectral Shaping) without spectral extension for pi/2 BPSK, and FDSS with and without spectral extension for QPSK.
· Potential specification impacts include
· Related signalling, design for spectral extension, RF requirements.
Note: For tone reservation, a fraction of tones allocated to a UE are reserved for the UE to shape its waveform; no data is transmitted on these tones.

Agreements: Capture the followings into the TR
· Spatial domain based solutions were studies from several aspects, including multiple layer PUSCH transmission with DFT-S-OFDM and Open-loop Tx diversity.
· Potential specification impacts include
· Mechanism to indicate the support of multiple layer PUSCH transmission with DFT-S-OFDM and to determine the precoder, e.g. reuse a subset of the R15 codebooks.
· Signalling related to support of Tx diversity for PUSCH with DFT-s-OFDM, and different PUSCH spatial filter parameters and different antenna ports for different PUSCH transmissions

Agreements: Capture the following observation into the TR.
Observation: 
· Fifteen sources ([China Telecom, R1-2008874], [ZTE, R1-2007743], [Intel, R1-2007954], [Qualcomm, R1-2008626], [Sharp, R1-2008399], [Panasonic, R1-2008378], [DOCOMO, R1-2008559], [Samsung, R1-2009647], [CMCC, R1-2008026], [vivo, R1-2007680], [Ericsson, R1-2008419], [Nokia, R1-2008703], [Apple, R1-2008479], [InterDigital, R1-2009168], [Huawei, R1-2007583]) evaluate the performance of joint channel estimation.
· Eleven sources ([China Telecom, R1-2008874], [ZTE, R1-2007743], [Qualcomm, R1-2008626], [Sharp, R1-2008399], [Panasonic, R1-2008378], [CMCC, R1-2008026], [vivo, R1-2007680], [Ericsson, R1-2008419], [Nokia, R1-2008703], [Apple, R1-2008479], [Huawei, R1-2007583]) show 0.2~2.1 dB  SNR gain for joint channel estimation over multiple slots for eMBB at 10% iBLER depending on the number of slots for FR1, compared to Rel-16 PUSCH transmission without joint channel estimation.
· One source ([Intel, R1-2007954]) shows 2 dB  SNR gain for joint channel estimation over multiple non-consecutive slots with inter-slot frequency hopping for eMBB at 10% iBLER, compared to Rel-16 inter-slot frequency hopping without joint channel estimation.
· Three sources ([Samsung, R1-2009647], [NTT DOCOMO, R1-2008559]) show 0.9~1.3 dB  SNR gain for joint channel estimation over multiple slots for VoIP at 2% rBLER depending on the number of slots for FR1, compared to Rel-16 PUSCH transmission without joint channel estimation.
· One source ([InterDigital, R1-2009168]) shows 0.3 dB SNR gain for joint channel estimation over multiple slots with DMRS in a special slot for VoIP at 2% rBLER, compared to Rel-16 PUSCH transmission without joint channel estimation.
· One source shows ([Samsung, R1-2009647]) 0.85~1.1 dB SNR gain for joint channel estimation over multiple slots for VoIP at 2% rBLER depending on the number of slots for FR2, compared to Rel-16 PUSCH transmission without joint channel estimation.
· One source ([vivo, R1-2007680]) shows 0.8 dB SNR gain for joint channel estimation over multiple repetition within a slot, compared to Rel-16 PUSCH transmission without joint channel estimation.
· Two sources ([CMCC, R1-2008026], [vivo, R1-2007680]) show 1.0~1.22 dB required SNR gain for lower DM-RS density in time domain with joint channel estimation and using multi-slot PUSCH with 4 symbols in the special slot over multiple slots for eMBB at 10% iBLER for FR1, compared to Rel-16 DM-RS density without joint channel estimation.
· One source ([vivo, R1-2007680]) shows 1.0 dB required SNR gain for lower DM-RS density in time domain with joint channel estimation over multiple repetition within a slot for eMBB at 10% iBLER for FR1, compared to Rel-16 PUSCH transmission without joint channel estimation.
· Five sources ([China Telecom, R1-2008874], [ZTE, R1-2007743], [Intel, R1-2007954], [Samsung, R1-2009647], [Ericsson, R1-2008419]) evaluate the performance of inter-slot frequency hopping with inter-slot bundling and joint channel estimation.
· Two sources ([China Telecom, R1-2008874], [Samsung, R1-2009647]) show 0.5~2.5 dB  SNR gain for inter-slot frequency hopping with inter-slot bundling for VoIP at 2% rBLER depending on bundle size, DM-RS configurations for FR1, compared to Rel-16 inter-slot frequency hopping.
· One source ([Samsung, R1-2009647]) shows 1.0~1.55 dB  SNR gain for inter-slot frequency hopping with inter-slot bundling for VoIP at 2% rBLER depending on bundle size, DM-RS configurations for FR2, compared to Rel-16 inter-slot frequency hopping.
· Three sources ([ZTE, R1-2007743], [Intel, R1-2007954], [Ericsson, R1-2008419]) show 0.5~3 dB  SNR gain for inter-slot frequency hopping with inter-slot bundling for eMBB at 10% iBLER depending on bundle size for FR1, compared to Rel-16 inter-slot frequency hopping.
· One source ([Intel, R1-2007954]) shows 1 dB  SNR gain for inter-slot frequency hopping with inter-slot bundling and joint channel estimation over multiple slot for eMBB at 10% iBLER for FR1, compared to Rel-16 inter-slot frequency hopping with joint channel estimation over multiple non-consecutive slots. 
Agreements: Capture the following observation into the TR.
Observation: 
· Two sources ([ZTE, R1-2007743], [Intel, R1-2007954]) evaluate the performance of lower DM-RS density.
· One source ([ZTE, R1-2007743]) shows around 1.0 dB SNR gain for lower DM-RS density in frequency domain for eMBB at 10% iBLER for FR1, compared to Rel-16 DM-RS density. The results is based on the assumption with only 1 RX antenna, single front-loaded DMRS symbol and without frequency hopping.
· One source ([Intel, R1-2007954]) shows around 0.2 dB SNR loss for lower DM-RS density in time domain for eMBB at 10% iBLER for FR1, compared to Rel-16 DM-RS density.
Agreements: Capture the following observation into the TR.
Observation: 
· Three sources ([China Telecom, R1-2008874], [Intel, R1-2007954], [DOCOMO, R1-2008559]) evaluate the performance of higher DM-RS density.
· One source ([China Telecom, R1-2008874]) shows 0.5~1.5 dB SNR gain for 1-comb DM-RS for eMBB at 10% iBLER for FR1, compared to Rel-16 DM-RS density without power boosting.
· One source ([DOCOMO, R1-2008559]) shows around 1.0 dB SNR gain for additional DM-RS symbol position for VoIP at 2% rBLER for FR1, compared to Rel-16 DM-RS density with only single DMRS symbol.
· One source ([Intel, R1-2007954]) shows around 0.05 dB SNR loss for higher DM-RS density in time domain for eMBB 10% iBLER for FR1, compared to Rel-16 DM-RS density.
Agreements: Capture the following observation into the TR.
Observation: 
· One source ([Qualcomm, R1-2008626]) evaluates the performance of adaptive DM-RS configuration and shows 1.7 dB  SNR gain for eMBB at 10% iBLER for FR1, compared to Rel-16 semi-static DM-RS configuration. For low SNR such as -10 to -12 dB, it shows that adaptive DM-RS configuration can bring 10-100% increase in throughput compared to an ill-suited DMRS configuration depending on factors such as UE speed, DMRS bundling, and PUSCH repetition.
· One source ([China Telecom, R1-2008874]) evaluates the performance of enhanced intra-slot frequency hopping with more frequency offsets/ more frequency hopping positions and shows around 1.8 dB SNR gain for VoIP at 2% rBLER and 0.4 dB SNR gain for eMBB at 2% rBLER for FR1, compared to Rel-16 intra-slot frequency hopping.
· One source (IITH, R1-2007905)) evaluates the performance of power boosting for pi/2 BPSK and shows around 3 dB gain for UL duty cycle less than 50% and around 6 dB gain for UL duty cycle less than 25%.
· One source ([Qualcomm, R1-2008626]) evaluates the performance of dynamic switching between DFT-S-OFDM and CP-OFDM and shows 2~3 dB gain, compared to semi-static switching between DFT-S-OFDM and CP-OFDM when using QPSK modulation.
· One source ([Qualcomm, R1-2008626]) evaluates the performance of UE transmit waveform design to reduce MPR and shows 1 ~1.5 dB gain, compared to Rel-16 DFT-S-OFDM and CP-OFDM.
· One source ([Panasonic, R1-2008378]) evaluates the performance of symbol level repetition and shows around 0.4 dB SNR gain for UE speed 3km/h and around 0.3dB SNR loss for UE speed 120km/h, respectively, for eMBB at 10% iBLER for FR1, compared to Rel-16 PUSCH repetition type A.
· One source ([Mitsubishi, R1-2008743]) evaluates the performance of Alamouti-based transmit diversity and shows 2-2.7dB SNR gain for FR1, and 2-3dB SNR gain with QPSK and up to 8.5dB SNR gain with 16QAM for FR2.
· One source ([Ericsson, R1-2008419]) evaluates the performance of multiple layer PUSCH transmission with DFT-S-OFDM and shows around 3 dB cubic metric gain, compared to multiple layer PUSCH transmission with CP-OFDM.

Agreements: Capture the following observation into the TR.
Observation: 
· Five sources ([China Telecom, R1-2008874], [ZTE, R1-2007743], [vivo, R1-2007680], [InterDigital, R1-2009168], [Samsung, R1-2009647]) evaluate the performance of enhancements on PUSCH repetition type B.
· Three sources ([China Telecom, R1-2008874], [InterDigital, R1-2009168], [Samsung, R1-2009647]) show 0.2~2.0 dB SNR gain when the actual PUSCH transmission can cross the slot boundary, cross-slot channel estimation is used, and the length of actual repetition can be larger than 14 symbols for VoIP at 2% rBLER for FR1 TDD, compared to Rel-16 PUSCH repetition type B without joint channel estimation. HARQ is not used.
· One source ([ZTE, R1-2007743]) show 0.8 dB required SNR gain when the actual PUSCH transmission can across the slot boundary or the length of actual repetition can be larger than 14 symbols and cross-slot channel estimation is used for VoIP at 2% rBLER for FR1 TDD, compared to Rel-16 PUSCH repetition type B without joint channel estimation. HARQ is not used. Same TB size is used for both baseline and enhancement.
· One source ([Samsung, R1-2009647]) shows around 1.4 dB SNR gain when the actual PUSCH transmission can cross the slot boundary, cross-slot channel estimation is used, and the length of actual repetition can be larger than 14 symbols for VoIP at 2% rBLER for FR2 TDD, compared to Rel-16 PUSCH repetition type B without joint channel estimation.
· One source ([InterDigital, R1-2009168]) shows 0.33~1.3 dB SNR gain when the actual PUSCH transmission can cross the slot boundary, cross-slot channel estimation is used, and the length of actual repetition can be larger than 14 symbols for eMBB at 10% iBLER for FR1 TDD, compared to Rel-16 PUSCH repetition type B with 14-symbol actual repetition. HARQ is not used.
· One source ([InterDigital, R1-2009168]) shows the number of RBs can be reduced from 38 to 33, when the actual PUSCH transmission can cross the slot boundary, cross-slot channel estimation is used, and the length of actual repetition can be larger than 14 symbols for VoIP at 2% rBLER for FR1 TDD, compared to Rel-16 PUSCH repetition type B with 14-symbol actual repetition. HARQ is not used.
· One source ([InterDigital, R1-2009168]) shows the number of RBs can be reduced from 30 to 26, when the actual PUSCH transmission can cross the slot boundary, cross-slot channel estimation is used, and the length of actual repetition can be larger than 14 symbols for eMBB at 10% iBLER for FR2 TDD, compared to Rel-16 PUSCH repetition type B with 14-symbol actual repetition. HARQ is not used.
· One source ([vivo, R1-2007680]) shows around 2.0 dB SNR gain for RV enhancement for eMBB at 10% iBLER for FR 1 TDD, compared to Rel-16 PUSCH repetition type B without joint channel estimation.
Agreements: Capture the following observation into the TR.
Observation: 
· Six sources ([ZTE, R1-2007743], [Intel, R1-2007954], [Qualcomm, R1-2009729], [vivo, R1-2007680], [Ericsson, R1-2008419], [Huawei, R1-2007583]) evaluate the performance of inter-slot frequency hopping with more frequency offsets/ more frequency hopping positions.
· Five sources ([ZTE, R1-2007743], [Intel, R1-2007954], [vivo, R1-2007680], [Ericsson, R1-2008419], [Huawei, R1-2007583]) show 0.3~1.7 dB  SNR gain for inter-slot frequency hopping with more frequency offsets/ more frequency hopping positions for eMBB at 10% iBLER for FR1, compared to Rel-16 inter frequency hopping. Cross-slot channel estimation is not used, 2 RX is assumed for gains higher than 0.3dB, 300ns is assumed for gains higher than 0.3dB.
· One source ([Qualcomm, R1-2009729]) shows no gain for inter-slot frequency hopping with more frequency offsets/ more frequency hopping positions for eMBB at 10% iBLER for FR1, compared to Rel-16 inter frequency hopping.
· One source ([Ericsson, R1-2008419]) shows no gain for inter-slot frequency hopping with more frequency offsets/ more frequency hopping positions and joint channel estimation over multiple slots is implemented for eMBB at 10% iBLER for FR1, compared to Rel-16 inter frequency hopping with joint channel estimation over multiple slots.

Agreements: Capture the following observation into the TR.
· Enhancements on PUSCH repetition type A is beneficial for PUSCH coverage enhancements for TDD. It is recommended to support enhancements on PUSCH repetition type A in Rel-17, including the following two options (potential down-selection during the WI phase):
· Option 1: Increasing the maximum number of repetitions, e.g., up to 32.
· Option 2: The number of repetitions counted on the basis of available UL slots.

Agreements: Capture the following observation into the TR.
· TB processing over multi-slot PUSCH is beneficial for PUSCH coverage enhancements. It is recommended to support TB processing over multi-slot PUSCH in Rel-17, including:
· TBS determined based on multiple slots and transmitted over multiple integer slots.

Agreements: Capture the following observation into the TR.
· Joint channel estimation is beneficial for PUSCH coverage enhancements. It is recommended to support joint channel estimation or DM-RS bundling for PUSCH in Rel-17, including:
· Joint channel estimation over consecutive PUSCH transmissions
· Inter-slot frequency hopping with inter-slot bundling

Agreements: Capture the following observation into the TR.
Observation: 
· Seven sources ([China Telecom, R1-2008874], [IITH, R1-2007905, [Intel, R1-2007954, [Qualcomm, R1-2008626], [InterDigital, R1-2009168], [Nokia, R1-2009792], [Sierra Wireless, R1-2007930]) evaluate the performance of TB processing over multi-slot PUSCH.
· Two sources (China Telecom, R1-2008874], [Qualcomm, R1-2008626]) show 0.6~2 dB  SNR gain when TBS determined based on multiple slots and transmitted over multiple slots for VoIP at 2% rBLER for FR1, compared to TB is determined based on single slot with repetition in Rel-16. HARQ is not used. If HARQ is enabled, legacy transmissions incur increased frequency domain resource use and a fair comparison cannot be made. Different redundancy version {0, 2, 3, 1} is used for repetitions in [China Telecom, R1-2008874]. The same redundancy version is used for repetitions in [Qualcomm, R1-2008626]. Gains due to reduction in upper-layer (MAC/RLC/PDCP) headers is not reflected in [Qualcomm, R1-2008626].
· Two sources ([China Telecom, R1-2008874], [Qualcomm, R1-2008626]) show 1.0~2.7 dB SNR gain when TBS determined based on multiple slots and transmitted over multiple slots for eMBB at 10% iBLER for FR1, compared to TB is determined based on single slot with repetition in Rel-16. HARQ is not used. If HARQ is enabled, legacy transmissions incur increased frequency domain resource use and a fair comparison cannot be made. Different redundancy version {0, 2, 3, 1} is used for repetitions in [China Telecom, R1-2008874]. The same redundancy version is used for repetitions in [Qualcomm, R1-2008626]. Gains due to reduction in upper-layer (MAC/RLC/PDCP) headers is not reflected in [Qualcomm, R1-2008626].
· One source ([IITH, R1-2007905]) shows 0.8 dB SNR gain when TBS determined based on multiple slots and transmitted over multiple slots for eMBB at 10% iBLER for FR1, compared to TB is determined based on single slot with repetition in Rel-16. HARQ is not used. The same redundancy version is used for repetitions. 
· One source ([Nokia, R1-2009792]) show 1.0 dB SNR gain when TBS determined based on multiple slots and transmitted over multiple slots for eMBB at 10% iBLER for FR1 and cross-slot channel estimation is used, compared to TB is determined based on single slot with repetition in Rel-16 without cross-slot channel estimation. HARQ is not used. The same redundancy version is used for repetitions. 
· One source ([InterDigital, R1-2009168]) shows 0.4 and 2.0 dB SNR gain and with different number of aggregated slots and modulation schemes when TBS determined based on multiple slots and transmitted over multiple slots for VoIP at 2% rBLER for FR1 FDD and cross-slot channel estimation is used, compared to TB is determined based on single slot without repetition in Rel-16. HARQ is not used. Up to 10dB power boosting gain can be obtained depending on different number of aggregated slots when TBS determined based on multiple slots and transmitted over multiple slots for FR1 FDD VoIP.
· One source ([InterDigital, R1-2009168]) shows 0~1.75 dB SNR gain when TBS determined based on multiple slots and transmitted over multiple slots for eMBB at 10% iBLER for FR1 and cross-slot channel estimation is used, compared to TB is determined based on single slot without repetition in Rel-16. HARQ is not used. Up to 6.98 dB power boosting gain can be obtained depending on the number of aggregated slots when TBS determined based on multiple slots and transmitted over multiple slots for FR1 eMBB.
· One source ([Intel, R1-2007954]) shows 0.2 dB SNR gain and 6.2 dB link budget gain when TBS determined based on multiple slots and transmitted over multiple slots for VoIP at 2% rBLER for FR1 TDD, compared to TB is determined based on single slot without repetition in Rel-16. HARQ is not used.
· One source ([Sierra Wireless, R1-2007930]) shows 2 (w/ frequency hopping) and 2.5 dB (w/o frequency hopping) SNR gain when TBS determined based on multiple slots and transmitted over multiple slots with gaps for eMBB at 10% iBLER, compared to Rel-16 where repeats are scheduled over contiguous slots. HARQ is not used. Perfect channel estimation is assumed.

Agreements: Capture the following observation into the TR.
Observation: 
· Four sources ([China Telecom, R1-2008874], [Samsung, R1-2009647], [vivo, R1-2007680], [Sierra Wireless, R1-2007930]) evaluate the performance of sub-PRB transmission with multi-slot aggregation.
· One source ([China Telecom, R1-2008874]) shows around 0.8 dB link budget gain for sub-PRB transmission with multi-slot aggregation (6 tones) for VoIP at 2% rBLER for FR1, compared to Rel-16 PRB-based transmission with repetition. HARQ is not used. Different redundancy version {0, 2, 3, 1} is used for Rel-16 PRB-based transmission with repetition.
· One source ([Samsung, R1-2009647]) shows around 5.6 dB link budget gain for sub-PRB transmission with multi-slot aggregation (6 tones) for VoIP at 2% rBLER for FR1, compared to Rel-16 PRB-based transmission with 4 PRBs without repetition. HARQ is not used.
· One source ([Samsung, R1-2009647]) shows around 1.6 and 8.5 dB link budget gain for sub-PRB transmission with multi-slot aggregation (6 tones) for eMBB at 10% iBELR for FR1, respectively, depending on the number of aggregation slots, compared to Rel-16 PRB-based transmission with 1 PRB and 4 PRBs, respectively without repetition. HARQ is not used.
· One source ([Sierra Wireless, R1-2007930]) evaluated the performance of sub-PRB transmission with 2 tones which showed 7 dB PAPR reduction. This PAPR reduction allows for MPR relaxation for VoIP use case at 2% rBLER for FR1, compared to Rel-16 PRB-based transmission with DFT-s-OFDM.
· One source ([vivo, R1-2007680]) shows no gain for sub-PRB transmission with multi-slot aggregation (6 tones) for VoIP at 2% rBLER for FR1, compared to Rel-16 PRB-based transmission with repetition. HARQ is not used.

Agreements:
Observation: 
· Seven sources ([China Telecom, R1-2008874], [ZTE, R1-2007743], [Intel, R1-2007954], [DOCOMO, R1-2008557], [Sierra Wireless, R1-2007930], [Apple, R1-2008479], [Huawei, R1-2007583]) evaluate the performance of enhancements on PUSCH repetition type A.
· One source ([China Telecom, R1-2008874]) shows 3.2 dB (O2I) and 4 dB (O2O) SNR gain when the actual number of repetition is increased from 3 to 8 (counted on the basis of available UL slots) for VoIP at 2% rBLER for FR1 TDD, compared to Rel-16 PUSCH repetition type A with 8 nominal repetitions. HARQ is not used.
· One source ([ZTE, R1-2007743]) shows 1.0~1.5 dB SNR gain for PUSCH transmission with 4 repetitions and maximum 1 re-transmissions (maximum 8 actual transmissions in total, redundancy version {0, 2, 3, 1}) for VoIP at 2% rBLER for FR1 TDD 4GHz with ‘DDDSUDDSUU’ configured by 16 repetitions, compared to PUSCH transmission with 2 repetitions and maximum 3 re-transmissions (maximum 8 actual transmissions in total, redundancy version {0, 2}).
· One source ([DOCOMO, R1-2008557]) shows 6.8 dB SNR gain, when the actual number of repetition is increased for VoIP at 2% rBLER for FR1 TDD, compared to Rel-16 PUSCH repetition type A. HARQ is not used.
· One source ([Intel, R1-2007954]) shows 2.0 dB SNR gain, when the actual number of repetition is doubled for eMBB with the TBS fixed at 136 bits at 10% iBLER for FR1 FDD, compared to Rel-16 PUSCH repetition type A with 8 repetitions. HARQ is not used.
· One source ([Apple, R1-2008479]) shows 0.8 dB SNR gain with the repetition and the frequency hopping is enabled for eMBB at 10% iBLER for FR1 FDD. The TBS is changed to keep the target data rate 100kpbs for with or without repetition. 
· One source ([Huawei, R1-2007583]) shows about 2.0 dB SNR gain when the actual number of repetition is doubled, e.g. from 2 to 4, from 4 to 8, for eMBB at 10% iBLER for FR1 TDD. HARQ is not used. Note: the observed gain was for different data rates where the data rate was sometimes less than the required 100kbps for the eMBB use case.
· One source ([Huawei, R1-2007583]) shows about 8.1dB SNR gain for PUSCH transmission with 3 retransmissions combined with 4 actual repetitions for VoIP at 2% rBLER for FR1 TDD, compared to PUSCH transmission with no repetition and no retransmission.
· One source ([Sierra Wireless, R1-2007930]) shows when the TBS is adjusted to maintain the target data rate of 100kbps, +0.4, +0.2, -1.6 dB SNR gain was observed when the number of repetitions was increased to 4, 8, 16 respectively for eMBB at 10% iBLER for FR1 FDD using Rel-16 PUSCH repetition type A.

Conclusion:
·  RAN plenary to decide whether to support power boosting for pi/2 BPSK for PUSCH for PC2 UEs.

Agreements:
(Working assumption): For coverage enhancement study for PUCCH with >2 bits UCI, in addition to the 1% BLER performance metric agreed in RAN1 101e, the following performance metric can be considered: 
· For UCI with HARQ-ACK payload (with or without CSI/SR payload), the performance metric for HARQ-ACK is 1% DTX to ACK error rate, 1% ACK miss detection (including ACK to NACK and ACK to DTX) error rate, and 0.1% NACK to ACK error rate. 
· The payload size is 3 and 11 bits for HARQ-ACK. Other payload sizes can be evaluated and if so, reported by each individual company
· For UCI with HARQ-ACK and CSI/SR payload, the performance metric for CSI/SR is 1% false alarm rate, 1% BLER [or 10% BLER], 5% undetectable error rate for <=11 bits, and 2% undetectable error rate for >11 bits 
· The payload size is 11 bits or 22 bits, where 4 and 8 bits for HARQ-ACK, respectively. Other payload sizes can be evaluated and if so, reported by each individual company
Note 1: In addition to the results already submitted to RAN1 103e which does not consider DTX detection, for any PUCCH coverage enhancement scheme especially the four prioritized schemes, companies are encouraged to submit more simulation results by 11/10/2020 with DTX detection, considering the above performance metric. Both results with and without DTX detection will be captured in the TR. 
Note 2: false alarm rate is the probability that DTX is detected as a correct payload.  
Note 3: undetectable error rate = # instances that a UCI payload is declared as correct when the UCI payload is in error / Total # instances that UCI payloads are in error, where a UCI payload is declared as correct if it passes the error detection check (with details up to each company, and to be reported)

Agreements:
For DMRS-less PUCCH, capture the following in the TR
Potential Spec impact: 
· A new PUCCH format would need needs to be specified, including the power control of the new PUCCH format. The new PUCCH format is would be an addition to existing PUCCH formats. 
· Two approaches to generate sequence for DMRS-less PUCCH (i.e., reuse Rel-15/16 CGS/ZC/Gold/m-sequence or design new sequences) were studied. The potential spec impacts include:
· If reusing Rel-15/16 CGS/ZC/Gold/m-sequence of the same length being supported by the current Rel-15/16 specification, no new sequences need to be specified. 
· If new sequences (including new sequence type or same type as in Rel-15/16 but with different length) or sequences based on modification of NR Rel-15/16 UCI encoding scheme are adopted, the new sequences or the modification of NR Rel-15/16 UCI encoding scheme need to be specified. 
· UCI to sequence mapping and sequence to RE mapping need to be specified
· [UCI info bits size (X) needs to be specified]  
· [New RAN4 MPR requirement needs to be defined, if new sequences other than Rel-15/16 CGS/ZC/Gold/m-sequences are adopted]
· [UCI multiplexing for this new PUCCH format need to be specified]

Agreements:
For PUSCH repetition type-B like PUCCH repetition, capture the following in the TR
Impact to receiver: 
· gNB needs to process more than one PUCCH repetitions in a slot
· gNB needs to combine multiple repetitions with different code rates/time length

Agreements:
For dynamic PUCCH repetition factor indication, capture the following in the TR
Potential Spec impact: 
· a new PUCCH repetition signalling mechanism needs to be specified
Impact to receiver: None
Impact to UE implementation: 
· Need implement transmissions of the PUCCH repetitions based on the dynamic indicator
     [Impact to system]
· [FFS the impact to system]

Agreements:
For DMRS bundling cross PUCCH repetitions, capture the following in the TR
Potential Spec impact: 
· Restrictions to guarantee phase coherency cross repetitions need to be specified
· UE behaviour needs to be defined if the phase coherency of PUCCH repetition is impacted by other procedures
· DMRS bundling with inter-slot frequency hopping pattern enhancement need to be specified, if the frequency hopping enhancement is agreed. 

Agreements:
For DMRS bundling cross PUCCH or PUSCH repetitions, send an LS to RAN4 to ask the following 
· Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 
· Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions
· Power control tolerance level cross PUCCH or PUSCH repetitions

Agreements: For DMRS-less PUCCH, capture Table 1, Table 2, and Table 3 in the TR. 

[bookmark: _Ref56032487]Table 1: Performance (SNR) gain observed for DMRS-less PUCCH over Rel-15/16 baseline
	Simulated scenario
	Performance metric
	Observed SNR gains
	Source

	Scenario 1: 2 bits UCI
Baseline: PF1
Enhancement: DMRS-less PUCCH
	1% FA, 1% ACK miss detection, 0.1% NACK->ACK error
	3dB
	QC

	
	
	3dB
	OPPO

	
	
	3~4dB
	Huawei

	Scenario 2: 3/4/6 bits UCI
Baseline: PF3
Enhancement: DMRS-less PUCCH

Note: Intel simulated 3-7 bits UCI
	1% BLER
	3dB
	QC

	
	
	3dB
	Sharp

	
	
	1.5 ~ 2.1dB
	Eurecom

	
	1% FA, 1% BLER
	0dB
	Intel 

	
	
	0.3~0.5dB
	VIVO

	
	1% FA, 1% ACK miss detection, and 0.1% NACK to ACK
	1~2dB 
	VIVO

	
	
	2.8dB
	QC

	
	
	0dB
	Ericsson

	Scenario 3: 11 bits UCI
Baseline: PF3
Enhancement: DMRS-less PUCCH







Note: Intel simulated 8-11 bits UCI
	1% BLER
	3~4dB
	QC

	
	
	3~4dB
	HW

	
	
	2~3dB
	ZTE

	
	
	1.5~2.1dB
	Eurecom

	
	
	0 ~ 0.2dB
	Ericsson

	
	
	1 ~ 2.7dB
	CMCC

	
	1% FA, 1% BER
	0.3dB
	Intel

	
	
	2.1dB
	QC

	
	1% FA, 1% ACK miss detection, and 0.1% NACK to ACK error
	4dB
	VIVO

	
	
	3.8dB
	ZTE

	
	
	4dB
	QC

	
	
	0dB
	Ericsson

	
	1% FA, 1% BLER, and 5% undetectable error rate
	4dB
	QC

	Scenario 3: 22/24 bits UCI
Baseline: PF3
Enhancement: DMRS-less PUCCH
	1% BLER
	-2dB
	Eurecom

	
	
	1dB
	QC


[bookmark: _Ref56032490]Table 2: Performance (PAPR/CM) gain observed for DMRS-less PUCCH over Rel-15/16 baseline
	Modulation order
	Observed PAPR/CM gain
	Source

	QPSK
	3.5dB PARR gain
1dB CM gain
	QC

	
	6.3dB PAPR gain
	Eurecom

	
	4.5dB PAPR gain
	Huawei

	Pi/2 BPSK
	0.5dB PAPR gain
0.6dB CM gain
	QC

	
	4.8 dB PAPR gain
	Eurecom



[bookmark: _Ref56072621]Table 3: Key simulation assumptions for DMRS-less PUCCH study over Rel-15/16 baseline
	Company
	Key simulation assumptions

	ZTE
	Receiver for Rel-15/16 PUCCH: ML coherent receiver
Receiver for sequence based PUCCH: ML noncoherent sequence detector

	Intel
	Receiver for Rel-15/16 PUCCH: ML coherent receiver (MMSE channel estimator and equalizer) and non-coherent receiver
Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator

	Qualcomm
	Receiver for Rel-15/16 PUCCH: ML coherent receiver
Receiver for sequence based PUCCH: ML noncoherent receiver (correlator with 2D-FFT or fast Hadamard transform) 

	Sharp
	Receiver for Rel-15/16 PUCCH: MMSE channel estimation (with genie Doppler and delay spread) + ML coherent detection
Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator

	CMCC
	Receiver for Rel-15/16 PUCCH: ML coherent receiver
Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator

	vivo
	Receiver for Rel-15/16 PUCCH: ML coherent receiver Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator
Ideal noise power estimation is used for both receiver for both legacy PUCCH and new sequence based PUCCH, and the noise power is used only in DTX detection.

	Ericsson
	Receiver for Rel-15/16 PUCCH: conventional and ML noncoherent 
receiver
Receiver for sequence based PUCCH: ML noncoherent receiver

	EURECOM
	Receiver for Rel-15/16 PUCCH: advanced receivers for <=11 bits(non-coherent ML), conventional receiver for 22 bits (LS channel estimation + MMSE/MRC)
Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator for 4/11 bit case; non-coherent LLR unit adapted to 3GPP polar code for 22-bit case. Also simulated low-complexity receiver for 11-bit UCI case.

	Huawei, HiSi
	Receiver for Rel-15/16 PUCCH: 2D-Wiener filter based channel estimation + MMSE equalization
Receiver for sequence based PUCCH: CHIRRUP algorithm based sequence detection

	OPPO
	Receiver for Rel-15/16 PUCCH: LMMSE-IRC receiver. 
Receiver for sequence based PUCCH: ML correlation.



Agreements: For DMRS-less PUCCH, capture the following in the TR
· Receiver needs to implement a non-coherent sequence detector/correlator for reception of the new PUCCH format. 
· [For reception of the new PUCCH format, channel and noise covariance matrix estimation is not required. ]
· Computation efficient implementations of the receiver for the new PUCCH format have been studied. Their complexity can be lower or higher than the decoder for existing NR PUCCH coherent receiver depending on the adopted sequence, on the UCI payload size and on the implementation of the considered coherent receiver. 
· [Receiver that uses PUCCH DM-RS for channel parameters estimation, channel tracking, and/or interference estimation must instead use other signals.]

Agreements: For DMRS-less PUCCH, capture the following in the TR
· Receiver implementation for the new PUCCH format is an extension of the PUCCH format 0 receiver with similarity that both are noncoherent sequence detectors, while the new receiver needs to perform correlation over a larger sequence pool. The size of the sequence pool over which the receiver for the new PUCCH format needs to perform correlation increases exponentially with the number of UCI bits. 

Agreements: For DMRS-less PUCCH, capture the following in the TR
· UE needs to implement a UCI to sequence mapping and sequence to RE mapping for the new PUCCH format
· Four potential approaches to implement the sequences for DMRS-less PUCCH were studied. 
· Approach 1: Reuse Rel-15/16 CGS/ZC/Gold/m-sequences generation with the same sequence length being supported in Rel-15/16
· Approach 2: Reuse Rel-15/16 CGS/ZC/Gold/m-sequences generation with a different sequence length being supported in Rel-15/16
· Approach 3: Modification of NR Rel-15/16 UCI encoding scheme to generate the sequences 
· Approach 4: implement a new sequence generation which is not covered by above, if the new sequence is adopted in spec. 

Agreements: For PUSCH repetition type-B like PUCCH repetition, capture the following in the TR
Restriction of the scheme: 
· Only applicable to UCI <=11 bits

Agreements: For PUSCH repetition type-B like PUCCH repetition, captured Table 4 in the TR.
[bookmark: _Ref54814432]Table 4: Performance gain observed for PUSCH repetition Type-B like PUCCH repetition
	Company
	Observed performance gain 
	Key simulation assumptions

	VIVO
	0.5dB (w/o DMRS bundling) 
1~1.5dB (w DMRS bundling)

Note: the 1~1.5 gain observed is a combination of DMRS bundling gain and type-B PUSCH repetition. 
	11 bits UCI, w/ DTX detection, 1% BLER
Receiver for Rel-15/16 PUCCH: coherent detection, DTX is performed based on union of DMRS and UCI symbols.

Receiver for PUCCH enhancement scheme: with and without joint channel estimation for the consecutive PUCCH repetitions, in addition to receiver for Rel-15 and Rel-16 UEs.
Note: Ideal noise power estimation is used for above receivers, and the noise power is used only in DTX detection.



Agreements: For PUSCH repetition type-B like PUCCH repetition, capture the following in the TR
Potential Spec impact: 
· Nominal repetition, actual repetition, segmentation for type B PUCCH repetition, and flexible time domain resource allocation in each slot need to be specified
· Procedure to handle postpone/cancel PUCCH repetitions (including interaction with dynamic SFI) needs to be specified
· [Upper bound on UCI info bits size needs to be specified]  
· [PUSCH type B repetition specification can be leveraged]
· The issue of whether supporting type B PUCCH repetitions with different PUCCH formats was studied and three options were identified to resolve this issue:
· Option 1:  Restrict type B PUSCCH repetition applicable to actual repetitions with the same PUCCH format. 
· Option 2: Allow type B PUCCH repetition with different PUCCH formats. The procedure to handle format switch between repetitions needs to be specified. 
· Option 3: Introduce and specify PUCCH format 3/4 of length 1/2/3 OFDM symbols to support type B PUCCH repetition.  
· Power control for actual repetitions needs to be specified

Agreements: For dynamic PUCCH repetition factor indication, capture Table 5 in the TR. 
[bookmark: _Ref54816307]Table 5: Performance gain observed for Dynamic PUCCH repetition factor indication
	Company
	Observed performance gain 
	Key simulation assumptions

	Ericsson
	5 dB (with repetition factor 8)
	11 bits CSI, w/o DTX detection, 10% BLER
Receiver for Rel-15/16 PUCCH: conventional DMRS based receiver
Receiver for PUCCH enhancement scheme: conventional DMRS based receiver (without cross slot channel estimation).

	ZTE
	Reducing the number of PUCCH repetitions for more than 70% cases.
	11 bits UCI, w/o DTX detection, 1% BLER



Agreements: For DMRS bundling cross PUCCH repetitions, capture the following in the TR
Restriction of the scheme: 
· Phase coherency cross PUCCH repetitions is required
· The same frequency resource allocation cross PUCCH repetitions is required
· The same power cross PUCCH repetitions is required

Agreements:: For DMRS bundling cross PUCCH repetitions, capture Table 6 in the TR
[bookmark: _Ref54816537]Table 6: Performance gain observed for DMRS bundling cross PUCCH repetitions over Rel-15/16 baseline
	Company
	Observed performance gain 
	Key simulation assumptions

	ZTE
	1 dB 
	22 bits UCI, w/o DTX detection, 1% BLER, 4 PUCCH repetitions
Receiver for Rel-15/16 PUCCH:  ML coherent receiver, w/o cross-slot channel estimation
Receiver for PUCCH enhancement scheme: ML coherent receiver, w/ cross-slot channel estimation

	Intel
	~1.2 dB 
	22 bits UCI, w/o DTX detection, 1% BLER, 8 PUCCH repetitions
Receiver for Rel-15/16 PUCCH: coherent receiver, w/o cross-slot channel estimation
Receiver for PUCCH enhancement scheme: coherent receiver, w/ cross-slot channel estimation


	VIVO
	0.85 ~ 1.3 dB 
	11 bits UCI, w/ DTX detection, 1% BLER, 2 PUCCH repetitions
Receiver for Rel-15/16 PUCCH: Coherent detection, DTX is performed based on union of DMRS and UCI symbols. Channel estimation is performed individually for each repetition.

Receiver for PUCCH enhancement scheme: Joint channel estimation is used for PUCCH repetitions in consecutive slots, in addition to receiver for Rel-15 and Rel-16 UEs.
Note: Ideal noise power estimation is used for both receivers, and the noise power is used only in DTX detection.



Agreements: For DMRS bundling cross PUCCH repetitions, capture the following in the TR
· New channel estimator needs to be implemented at receiver to process DMRS across multiple repetitions
· Same phase and transmission power need to be maintained at UE cross PUCCH repetitions
· [Maintaining phase coherence across slots requires UE to alter how slot boundaries events (such as timing or power adjustments) are handled]

The latest draft LS is approved. Final LS in R1-2009786.

Agreements:
· for DMRS-less PUCCH, update the Table 1, Table 2, Table 3 as the following and capture them in the TR.

Table 1: Performance (SNR) gain observed for DMRS-less PUCCH
	Simulated scenario
	Performance metric
	Observed SNR gains
	Source

	Scenario 1: 2 bits UCI
Baseline: PF1
Enhancement: DMRS-less PUCCH
	1% FA, 1% ACK miss detection, 0.1% NACK->ACK error
	3dB
	QC

	
	
	3dB
	OPPO

	
	
	3~4dB
	Huawei

	Scenario 2: 3/4/6 bits UCI
Baseline: PF3
Enhancement: DMRS-less PUCCH

Note: Intel/Ericsson simulated 3-7 bits UCI
	1% BLER
	3dB
	QC

	
	
	3dB
	Sharp

	
	
	1.5 ~ 2.1dB
	Eurecom

	
	
	0 ~ 0.2dB
	Ericsson

	
	1% FA, 1% BLER
	0dB
	Intel 

	
	
	0.3~0.5dB
	VIVO

	
	1% FA, 1% ACK miss detection, and 0.1% NACK to ACK
	1~2dB 
	VIVO

	
	
	2.8dB
	QC

	
	
	0dB 
	Ericsson

	Scenario 3: 11 bits UCI
Baseline: PF3
Enhancement: DMRS-less PUCCH

Note: Intel/Ericsson simulated 8-11 bits UCI
	1% BLER
	3~4dB
	QC

	
	
	3~4dB
	HW

	
	
	2~3dB
	ZTE

	
	
	1.5~2.1dB
	Eurecom

	
	
	0 ~ 0.2dB
	Ericsson

	
	
	1 ~ 2.7dB
	CMCC

	
	1% FA, 1% BER
	0.3dB
	Intel

	
	
	2.1dB
	QC

	
	1% FA, 1% ACK miss detection, and 0.1% NACK to ACK error
	4dB
	VIVO

	
	
	3.8dB
	ZTE

	
	
	4dB
	QC

	
	
	4.1dB
	HW

	
	
	0dB
	Ericsson

	
	1% FA, 1% BLER, and 5% undetectable error rate
	4dB
	QC

	
	
	3dB
	HW

	Scenario 3: 22/24 bits UCI
Baseline: PF3
Enhancement: DMRS-less PUCCH
	1% BLER
	-2dB
	Eurecom

	
	
	1dB
	QC



Table 2: Performance (PAPR/CM) gain observed for DMRS-less PUCCH over Rel-15/16 baseline
	Modulation order
	Observed PAPR/CM gain
	Source

	QPSK
	3.5dB PARR gain
1dB CM gain
	QC

	
	6.3dB PAPR gain
	Eurecom

	
	4.5dB PAPR gain
1.7dB CM gain
	Huawei

	Pi/2 BPSK
	0.5dB PAPR gain
0.6dB CM gain
	QC

	
	4.8 dB PAPR gain
	Eurecom

	
	2.4dB PAPR gain
	Huawei



Table 3: Key simulation assumptions for DMRS-less PUCCH study
	Company
	Key simulation assumptions

	ZTE
	Receiver for Rel-15/16 PUCCH: ML coherent receiver
Receiver for sequence based PUCCH: ML noncoherent sequence detector

	Intel
	Receiver for Rel-15/16 PUCCH: ML coherent receiver (MMSE channel estimator and equalizer) and non-coherent receiver
Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator

	Qualcomm
	Receiver for Rel-15/16 PUCCH: ML coherent receiver
Receiver for sequence based PUCCH: ML noncoherent receiver (correlator with 2D-FFT or fast Hadamard transform) 

	Sharp
	Receiver for Rel-15/16 PUCCH: MMSE channel estimation (with genie Doppler and delay spread) + ML coherent detection
Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator

	CMCC
	Receiver for Rel-15/16 PUCCH: ML coherent receiver
Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator

	vivo
	Receiver for Rel-15/16 PUCCH: ML coherent receiver Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator
Ideal noise power estimation is used for both receiver for both legacy PUCCH and new sequence based PUCCH, and the noise power is used only in DTX detection.

	Ericsson
	Receiver for Rel-15/16 PUCCH: conventional and ML noncoherent 
receiver
Receiver for sequence based PUCCH: ML noncoherent receiver

	EURECOM
	Receiver for Rel-15/16 PUCCH: advanced receivers for <=11 bits(non-coherent ML), conventional receiver for 22 bits (LS channel esimtation + MMSE/MRC)
Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator for 4/11 bit case; non-coherent LLR unit adapted to 3GPP polar code for 22-bit case. Also simulated low-complexity receiver for 11-bit UCI case.

	Huawei, HiSi
	Receiver 1 (higher complexity) for Rel-15/16 PUCCH: ML non-coherent receiver
Receiver 2  (lower complexity) for Rel-15/16 PUCCH: 2D-Wiener filter based channel estimation + MMSE equalization+ ML coherent detection
Receiver 1  (higher complexity) for sequence based PUCCH: ML non-coherent receiver
Receiver 2 (lower complexity) for sequence based PUCCH: Rx signal combination +CHIRRUP algorithm based sequence detection

	OPPO
	Receiver for Rel-15/16 PUCCH: LMMSE-IRC receiver. 
Receiver for sequence based PUCCH: ML correlation.



Agreements:
for DMRS-less PUCCH, update the Table 1, Table 2, Table 3 as the following and capture them in the TR.
Table 1: Performance (SNR) gain observed for DMRS-less PUCCH over Rel-15/16 baseline
	Simulated scenario
	Performance metric
	Observed SNR gains
	Source

	Scenario 1: 2 bits UCI
Baseline: PF1
Enhancement: DMRS-less PUCCH
	1% FA, 1% ACK miss detection, 0.1% NACK->ACK error
	3dB
	Source 3 [QC] (receiver assumption 1)

	
	
	3dB
	Source 10 [OPPO]

	
	
	3~4dB
	Source 9 [HW] (receiver assumption A)

	Scenario 2: 3/4/6 bits UCI
Baseline: PF3
Enhancement: DMRS-less PUCCH

Note: Intel/Ericsson simulated 3-7 bits UCI
	1% BLER
	3dB
	Source 3 [QC] (receiver assumption 2)

	
	
	3dB
	Source 4 [Sharp]

	
	
	1.5 ~ 2.1dB
	Source 8 [Eurecom]

	
	
	0 ~ 0.2dB
	Source 7 [Ericsson]

	
	1% FA, 1% BLER
	0dB
	Source 2 [Intel]

	
	
	0.3~0.5dB
	Source 6 [vivo]

	
	1% FA, 1% ACK miss detection, and 0.1% NACK to ACK
	1~2dB 
	Source 6 [vivo]

	
	
	2.8dB
	Source 3 [QC] (receiver assumption 2)

	
	
	1dB
	Source 3 [QC] (receiver assumption 1)

	
	
	0dB 
	Source 7 [Ericsson]

	Scenario 3: 11 bits UCI
Baseline: PF3
Enhancement: DMRS-less PUCCH

Note: Intel/Erisson simulated 8-11 bits UCI
	1% BLER
	3~4dB
	Source 3 [QC] (receiver assumption 2)

	
	
	0.8~1.5dB
	Source 3 [QC] (receiver assumption 1)

	
	
	3dB
	Source 9 [HW] (receiver assumption B)

	
	
	2.4dB
	Source 9 [HW] (receiver assumption A)

	
	
	2~3dB
	Source 1 [ZTE]

	
	
	1.5~2.1dB
	Source 8 [Eurecom]

	
	
	0 ~ 0.2dB
	Source 7 [Ericsson]

	
	
	1 ~ 2.7dB
	Source 5 [CMCC]

	
	1% FA, 1% BER
	0.3dB
	Source 2 [Intel]

	
	
	2.1dB
	Source 3 [QC] (receiver assumption 2)

	
	1% FA, 1% ACK miss detection, and 0.1% NACK to ACK error
	4dB
	Source 6 [vivo]

	
	
	3.8dB
	Source 1 [ZTE]

	
	
	4dB
	Source 3 [QC] (receiver assumption 2)

	
	
	0.9~4.8dB
	Source 3 [QC] (receiver assumption 1)

	
	
	4.1dB
	Source 9 [HW] (receiver assumption B)

	
	
	2.8dB 
	Source 9 [HW] (receiver assumption A)

	
	
	0dB
	Source 7 [Ericsson]

	
	1% FA, 1% BLER, and 5% undetectable error rate
	4dB
	Source 3 [QC] (receiver assumption 2)

	
	
	1.5~2.8dB
	Source 3 [QC] (receiver assumption 1)

	
	
	3dB
	Source 9 [HW] (receiver assumption B)

	
	
	2dB 
	Source 9 [HW] (receiver assumption A)

	
	
	0dB
	Source 7 [Ericsson]

	Scenario 3: 22/24 bits UCI
Baseline: PF3
Enhancement: DMRS-less PUCCH
	1% BLER
	-2dB
	Source 8 [Eurecom]

	
	
	1dB
	Source 3 [QC] (receiver assumption 2) 


Table 2: Performance (PAPR/CM) gain observed for DMRS-less PUCCH over Rel-15/16 baseline
	Modulation order
	Observed PAPR/CM gain
	Source

	QPSK
	3.5dB PARR gain
1dB CM gain
	Source 3 [QC]

	
	6.3dB PAPR gain
	Source 8 [Eurecom]

	
	4.5dB PAPR gain
1.7dB CM gain
	Source 9 [HW]

	Pi/2 BPSK
	0.5dB PAPR gain
0.6dB CM gain
	Source 3 [QC]

	
	4.8 dB PAPR gain
	Source 8 [Eurecom]

	
	2.4dB PAPR gain
	Source 9 [HW]



Table 3: Key simulation assumptions for DMRS-less PUCCH study
	Company
	Key simulation assumptions

	Source 1
[ZTE]
	Channel model of TDL-C 300 ns, UE speed of 3km/h
Receiver for Rel-15/16 PUCCH: ML coherent receiver
Receiver for sequence based PUCCH: ML noncoherent sequence detector

	Source 2
[Intel]
	Channel model of TDL-C 300 ns, UE speed of 3km/h
Receiver for Rel-15/16 PUCCH: ML coherent receiver (MMSE channel estimator and equalizer) and non-coherent receiver
Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator

	Source 3 [QC]
	Channel model of TDL-C and TDL-A with up to 800 ns channel delay spread (including effects of timing error), up to 1111 Hz doppler (including effect of frequency error)

Receiver assumption 1: 
· Receiver for Rel-15/16 PUCCH: noncoherent ML detection performed on union of PUCCH DMRS and UCI symbols. Error detection based on noncoherent duo metric.
· Receiver for sequence based PUCCH: ML noncoherent receiver (correlator with 2D-FFT or fast Hadamard transform)
Receiver assumption 2: 
· Receiver for Rel-15/16 PUCCH: ML coherent receiver
· Receiver for sequence based PUCCH: ML noncoherent receiver (correlator with 2D-FFT or fast Hadamard transform) 

	Source 4 [Sharp]
	Receiver for Rel-15/16 PUCCH: MMSE channel estimation (with genie Doppler and delay spread) + ML coherent detection
Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator

	Source 5
[CMCC]
	Channel model of TDL-C 300 ns
Receiver for Rel-15/16 PUCCH: ML coherent receiver
Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator

	Source 6 [vivo]
	Channel model of TDL-C 100 ns, UE speed of 3km/h
Receiver for Rel-15/16 PUCCH: ML coherent receiver Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator
Ideal noise power estimation is used for both receiver for both legacy PUCCH and new sequence based PUCCH, and the noise power is used only in DTX detection.

	Source 7
[Ericsson]
	Channel model of TDL-C 300 ns, UE speed of 3km/h
Receiver for Rel-15/16 PUCCH: conventional and ML noncoherent 
receiver
Receiver for sequence based PUCCH: ML noncoherent receiver

	Source 8
[Eurecom]
	Receiver for Rel-15/16 PUCCH: advanced receivers for <=11 bits(non-coherent ML), conventional receiver for 22 bits (LS channel esimtation + MMSE/MRC)
Receiver for sequence based PUCCH: ML noncoherent sequence detector/correlator for 4/11 bit case; non-coherent LLR unit adapted to 3GPP polar code for 22-bit case. Also simulated low-complexity receiver for 11-bit UCI case.

	Source 9
[HW]
	Channel model of TDL-C 300 ns, UE speed of 3km/h or 120km/h
Receiver assumption A: 
· Receiver (higher complexity) for Rel-15/16 PUCCH: ML non-coherent receiver
· Receiver (higher complexity) for sequence based PUCCH: ML non-coherent receiver
Receiver assumption B: 
· Receiver (lower complexity) for Rel-15/16 PUCCH: 2D-Wiener filter based channel estimation + MMSE equalization+ ML coherent detection
· Receiver (lower complexity) for sequence based PUCCH: Rx signal combination +CHIRRUP algorithm based sequence detection

	Source 10
[OPPO]
	Channel model of TDL-C 300 ns, UE speed of 3km/h
Receiver for Rel-15/16 PUCCH: LMMSE-IRC receiver. 
Receiver for sequence based PUCCH: ML correlation.



Agreements:
 For long PUCCH format, the number of UCI bits that the DMRS-less PUCCH support is up to 11 bits.

Agreements:
RAN1 has not concluded on which of  2 or 3 bits is the minimum number of UCI bits that DMRS-less PUCCH can support. 

Agreements:
For DMRS-less PUCCH, update the following agreements and capture them in the TR
Potential Spec impact: 
· A new PUCCH format would need to be specified, including the power control of the new PUCCH format. The new PUCCH format would be an addition to existing PUCCH formats. 
· Two approaches to generate sequence for DMRS-less PUCCH (i.e., reuse Rel-15/16 CGS/ZC/Gold/m-sequence or design new sequences) were studied. The potential spec impacts include:
· If reusing Rel-15/16 CGS/ZC/Gold/m-sequence of the same length being supported by the current Rel-15/16 specification, no new sequences need to be specified. 
· If new sequences (including new sequence type or same type as in Rel-15/16 but with different length) or sequences based on modification of NR Rel-15/16 UCI encoding scheme are adopted, the new sequences or the modification of NR Rel-15/16 UCI encoding scheme need to be specified. 
· UCI to sequence mapping and sequence to RE mapping need to be specified
· New RAN4 MPR requirement may need to be defined, if new sequences other than Rel-15/16 CGS/ZC/Gold/m-sequences are adopted
· UCI multiplexing for this new PUCCH format need to be specified

Agreements:
For DMRS-less PUCCH, capture the following in the TR
· In the non-coherent sequence detector at receiver, changes to existing implementation for DTX detection, including noise and interference power estimation, may be necessary if the existing implementation relies on the presence of DMRS. 

Agreements:
For DMRS-less PUCCH, update the following agreements and capture them in the TR
· Receiver needs to implement a non-coherent sequence detector/correlator for reception of the new PUCCH format. 
· For reception of the new PUCCH format, channel and noise covariance matrix estimation using DMRS is not required.
· Computation efficient implementations of the receiver for the new PUCCH format have been studied. Their complexity can be lower or higher than the decoder for existing NR PUCCH coherent receiver depending on the adopted sequence, on the UCI payload size and on the implementation of the considered coherent receiver. 
· gNB receivers may use PUCCH DM-RS for channel parameter estimation, channel tracking, and/or interference estimation. Absence of DMRS in the new PUCCH format requires such gNB receivers to rely on other reference signals or pursue data-aided estimation and tracking

Agreements:
For DMRS bundling cross PUCCH repetitions, capture the following in the TR
Impact to system
· gNB needs to maintain phase coherence across slots. gNB cannot switch beamformers or make any RF adjustments across multiple slots. 
· UE needs to maintain phase coherence across multiple slots. UE-side adjustments for timing and frequency will have to be postponed to a later slot. UE may not have the best timing and frequency settings for multiple uplink slots.

Agreements: Capture the followings into the TR.
· PUCCH repetition carrying HARQ-ACK for Msg4 was studied. Potential specification impacts include related signaling design, differentiation between enhanced UE and legacy UE. 

Agreements: Capture the followings into the TR
· Beam reporting during initial/random access procedure was studied from several aspects, including the best SSB, alternative SSB beam and early CSI report in Msg3 PUSCH. Potential specification impacts include signaling design in Msg3 PUSCH, CSI-RS resources configured during initial access, beam indication for the following steps for RACH procedure. 

Agreements: Capture the followings into the TR
· PRACH enhancements were studied from several aspects, including multiple PRACH transmissions with the same beam, multiple PRACH transmissions with different beams, and PRACH enhancements with finer beam. 
· Potential specification impacts of multiple PRACH transmissions include:
· For multiple PRACH transmissions with the same transmission beam and multiple PRACH transmissions with different transmission beams,
· mechanism on triggering/initiating multiple PRACH transmissions, 
· determination of number of transmissions and transmission pattern, 
· differentiation between enhanced UE and legacy UE and
· possible collision handling between PRACH transmission with and without multiple PRACH transmissions. 
· Only for multiple PRACH transmissions with different transmission beams,
· transmission beam to be used for each initial transmission and
· beam determination for the following steps in RACH procedure. 
· Potential specification impacts of PRACH enhancements with finer beam include finer beam for PRACH based on CSI-RS resources configured during initial access.

Agreements: Capture the followings into the TR
Broadcast PDCCH repetition was studied. Potential specification impacts include PDCCH repetition configuration.

Agreements: Capture the followings into the TR
· Msg4 PDSCH enhancements were studied from several aspects, including introducing early CSI on Msg3 PUSCH for early link adaptation , scaling factor for TBS determination and PDSCH repetition.
· Potential specification impacts of early CSI on Msg3 PUSCH for early link adaptation include:
· CSI-RS resources configured during initial access.
· Potential specification impacts of scaling factor for TBS determination include:
· TBS determination.
· Potential specification impacts of PDSCH repetition include:
·  PDSCH repetition configuration, DMRS design among PDSCH repetitions. 

Agreements: Capture the followings into the TR
Enhancements on Msg3 PUSCH repetition were studied from several aspects, including the indication of the number of repetitions for Msg3 initial transmission and re-transmission, the repetition type, the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission, inter-slot frequency hopping and differentiation between enhanced UE and legacy UE. 
· Potential specification impacts of indication of the number of repetitions for Msg3 initial transmission include:
· Explicit indication mechanism, e.g., indicated by RAR UL grant, DCI format 1_0 with CRC scrambled by RA-RNTI or SIB1.
· Implicit indication mechanism, e.g., determined by PRACH configuration or information carried by RAR.
· Potential specification impacts of indication of the number of repetitions for Msg3 re-transmission include:
· Explicit indication mechanism, e.g., indicated by DCI format 0_0 with CRC scrambled by TC-RNTI.
· Implicit indication mechanism, e.g., determined by Msg3 initial transmission.
· Potential specification impacts of the repetition type include:
· Introducing PUSCH repetition Type A.
· Potential specification impacts of the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission include:
· The potential specification impacts for the solutions studied in Section 6.1. 
· Potential specification impacts of inter-slot frequency hopping include:
· Inter-slot frequency hopping configuration and frequency hopping pattern. 
· Potential specification impacts of differentiation between enhanced UE and legacy UE include:
· Mechanism to differentiate enhanced UE and legacy UE, e.g., separate PRACH configurations (e.g, separate PRACH occasions or preambles) and separate Msg3 configurations (e.g., separate DMRS ports). 
Agreements: Capture the followings into the TR
Power domain-based solutions were studied for Msg3 PUSCH, including pi/2 BPSK waveform using DFT-s-OFDM and power control enhancements. 
· Potential specification impacts of pi/2 BPSK waveform using DFT-s-OFDM include defining the usage of pi/2 BPSK modulation for Msg3 and either explicit or implicit power boosting based on the Msg3 time domain resource allocation. 
· Potential specification impacts of power control enhancements include configuration of multiple sets of power control parameters.

Agreements: Capture the followings into the TR
CSI repetition on PUSCH was studied. Potential specification impacts include mechanism to determine A-CSI repetitions on PUSCH, e.g. A-CSI request and/or repetition factor in UL DCI, one A-CSI in each PUSCH repetition, and PUSCH repetition type A.  

Agreements: Capture the followings into the TR
Spatial domain based solutions were studied from several aspects for Msg3 PUSCH, including spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission and open-loop transmission diversity.
· Potential specification impacts of spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission include specifying the same spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission, mechanism to differentiate enhanced UE and legacy UE.
· Potential specification impacts of open-loop transmission diversity include, mechanism to indicate support of transmission diversity for Msg3 PUSCH with DFT-s-OFDM, mechanism to differentiate enhanced UE and legacy UE, mechanism to determine the precoder cycling pattern during random access procedure, e.g. on different Msg3 PUSCH repetitions.
Agreements: Capture the followings into the TR
Compact DCI and PDCCH-less for broadcast PDCCH were studied for broadcast PDCCH. 
· Potential specification impacts of compact DCI include mechanism for DCI bit field design for fallback DCI.
· Potential specification impacts of PDCCH-less include the mechanism to indicate the scheduling information for broadcast PDSCH carrying SIB messages. 

Agreements: Capture the following observations into the TR
Observation 1: 
Nine sources ([ZTE], [Intel], [NTT DOCOMO], [CMCC], [vivo], [Ericsson], [Nokia/NSB], [Huawei, HiSilicon], [Apple]) evaluated the performance of enhancements on Msg3 repetition.
· Eight sources show about 2 dB gain when the number of repetitions is doubled in FR1. 
· One source shows 4.27 dB gain when the number of repetitions is increased to 8 in FR2. 
· One source shows 1.1~1.75 dB gain when performing cross-slot channel estimation among 2 repetitions. 
· One source shows 0.5~1.07 dB gain when performing cross-slot channel estimation among 4 repetitions. 
· One source shows 3.8 dB gain with 2 repetitions and inter-slot hopping comparing with no repetition and no intra-slot hopping.
· One source shows 3.2 dB gain with 2 repetitions and inter-slot hopping comparing with no repetition and intra-slot hopping.

Observation 2: 
One source ([IITH, IITM, CEWIT, Reliance Jio, Tejas Networks]) evaluated the performance of power boosting using pi/2 BPSK waveform for Msg3 and shows 3 dB gain for UL duty cycle lower than 50% and 6 dB gain for UL duty cycle lower than 25%.

Observation 3: 
Three sources ([ZTE],[NTT DOCOMO], [Qualcomm]) evaluated the performance of enhancements on PDCCH repetition.
· Two sources show 2 dB gain and one source shows 2.8~3.1 dB gain when the number of repetitions is increased to 2. 
· One source shows 4~5.8 dB gain and one source shows 4 dB gain when the number of repetitions is increased to 4. 
· One source shows about 3dB and 6dB gain if DMRS bundling is considered for 2 and 4 repetitions respectively.  

Observation 4: 
One source [[NTT DOCOMO]] evaluated the performance of compact DCI and shows 1.5 dB gain if the number of DCI payload size is reduced from 40 bits to 20 bits.

Observation 5: 
One source ([ZTE]) evaluated the performance of increasing the number of SSBs and shows 1.84 dB gain when the number of SSBs is increased from 4 to 8 at 700MHz in rural scenario. 

Observation 6: 
Two sources ([ZTE], [Nokia/NSB]) evaluated the performance of PRACH enhancements. 
· One source ([ZTE]) shows 3.7 dB and 5.2 dB gain when performing 2 and 4 PRACH transmissions with the same transmission beam respectively at 4 GHz in urban scenario. 
· One source ([ZTE]) shows 1.7 dB and 3.7 dB gain when performing 2 and 4 PRACH transmissions with the same transmission beam respectively at 28 GHz in urban scenario. 
· One source ([Nokia/NSB])) shows 2 dB gain when performing 2 PRACH transmissions with different transmission beams at 2 GHz in rural scenario.
· One source ([Nokia/NSB]) shows 2 dB and 4.7 dB gain when performing 2 and 4 PRACH transmissions with different transmission beams respectively at 28 GHz in urban scenario. 

Observation 7: 
· One source ([ZTE]) evaluated the performance of PUCCH repetition with HARQ-ACK for Msg4 and shows 3 dB and 6 dB gain when the number repetitions is increased to 2 and 4 respectively at 2 GHz in rural scenario.

Observation 8: 
· One source ([Ericsson]) evaluated the performance of A-CSI repetition on PUSCH and shows 4 dB gain for 8 repetitions with 11 bits CSI at 10% BLER target at 4GHz. 

Agreements: Capture the followings into the TR
UE awareness of paired orthogonally polarized SSBs has been studied. Potential specification impacts of dual polarized SSBs with the same spatial filter setting include mechanisms to ensure UE awareness of polarization properties of SSBs, e.g., communication of paired SSB indices associated with the same spatial filtering and different polarizations, to the UE.

Agreements: Capture the followings into the TR
A-CSI on PUCCH to allow A-CSI repetition was studied. Potential specification impacts include 
· mechanism to determine the repetition of A-CSI PUCCH, e.g. CSI request and/or repetition factor in the downlink DCI, configuration of repetition levels per PUCCH resource, and related timeline,
· mechanism for the PUCCH resource determination, e.g. based on existing PUCCH resource configuration framework in DL DCI (i.e., DCI format 1_0, 1_1, 1_2), existing PUCCH formats that can carry CSI.
· RS resource for CSI measurement (e.g. aperiodic CSI-RS, DMRS)

2.1.2	Remaining Open issues
2.2	RAN2
2.2.1	Agreements
2.2.2	Remaining Open issues 
2.3	RAN3
2.3.1	Agreements
2.3.2	Remaining Open issues
2.4	RAN4
2.4.1	Agreements
2.4.2	Remaining Open issues
2.5	RAN5
2.5.1	Agreements
2.5.2	Remaining Open issues
2.5.3	Remaining Open issues with cross-WG dependencies
2.6	RAN6
2.6.1	Agreements
2.6.2	Remaining Open issues

3.	Detailed progress in SA/CT WGs since last TSG meeting (for all involved WGs)
NOTE: This section only needs to be filled in for WI/SIs where there is a corresponding relevant WI/SI in SA/CT. 
3.1	SAx/CTs
3.1.1	Agreements with cross-TSG impacts
3.1.2	Remaining Open issues with cross-TSG impacts
NOTE: This section should also flag any critical dependencies that need TSG attention. 
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(i)   Target   MPL   ሺ dB ሻ = 161 . 04 − 7 . 1 ∙ log 10 ሺ 𝑊 ሻ + 7 . 5 ∙ log 10 ሺ ℎ ሻ − ሺ 24 . 37 − 3 . 7 ∙ ሺ ℎ ℎ BS Τ ሻ 2 ሻ ∙ log 10 ሺ ℎ BS ሻ + ൫ 43 . 42 − 3 . 1 ∙ log 10 ሺ ℎ BS ሻ ൯ ∙ ሺ log 10 ሺ 𝑑 3D ሻ − 3 ሻ + 20 ∙ log 10 ሺ 𝑓 c ሻ − ቀ 3 . 2 ∙ ൫ log 10 ሺ 11 . 75 ∙ ℎ UT ሻ ൯ 2 − 4 . 97 ቁ , where  𝑊 = 20 m ,  ℎ = 5 m ,  ℎ BS = 35 m   and  ℎ UT = 1 . 5 m .  
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(i)   Target   MPL   ሺ dB ሻ = 20 ∙ log 10 ሺ 40 ∙ π ∙ 𝑑 BP ∙ 𝑓 c 3 Τ ሻ + min ሺ 0 . 03 ∙ ℎ 1 . 72 , 10 ሻ ∙ log 10 ሺ 𝑑 BP ሻ − min ሺ 0 . 044 ∙ ℎ 1 . 72 , 14 . 77 ሻ + 0 . 002 ∙ log 10 ሺ ℎ ሻ ∙ 𝑑 BP + 40 ∙ log 10 ሺ 𝑑 3D 𝑑 BP Τ ሻ , where  𝑊 = 20 m ,  ℎ = 5 m ,  𝑑 BP = 2 ∙ 𝜋 ∙ ℎ BS ∙ ℎ UT ∙ 𝑓 c 𝑐 Τ ,  ℎ BS = 35 m ,  ℎ UT = 1 . 5 m   and  𝑐 = 3 ∙ 10 8 m / s .  
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URBAN  INDOOR  

TABLE A1 - 3 Path loss and shadow fading for Uma_x    TABLE A1 - 2 Path loss and shadow fading for InH_x    
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With values of  𝑓 𝑐 ,  ℎ 𝐵𝑆 ,  ℎ 𝑈𝑇   are set using the values in the following table   
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With values of  𝑓 𝑐 ,  ℎ 𝐵𝑆 ,  ℎ 𝑈𝑇   are set using the values in the following table   

 Urban  Indoor  

𝑓 𝑐  28  28  

ℎ 𝐵𝑆    25.00  3  

ℎ 𝑈𝑇    1.5  1.5  
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(i)   Target   MPL   ሺ dB ሻ = 161 . 04 − 7 . 1 ∙ log 10 ሺ 𝑊 ሻ + 7 . 5 ∙ log 10 ሺ ℎ ሻ − ሺ 24 . 37 − 3 . 7 ∙ ሺ ℎ ℎ BS Τ ሻ 2 ሻ ∙ log 10 ሺ ℎ BS ሻ + ൫ 43 . 42 − 3 . 1 ∙ log 10 ሺ ℎ BS ሻ ൯ ∙ ሺ log 10 ሺ 𝑑 3D ሻ − 3 ሻ + 20 ∙ log 10 ሺ 𝑓 c ሻ − ቀ 3 . 2 ∙ ൫ log 10 ሺ 11 . 75 ∙ ℎ UT ሻ ൯ 2 − 4 . 97 ቁ − 0 . 6 ∙ ሺ ℎ UT − 1 . 5 ሻ ,   where  𝑊 = 20 m   is the average street width,  ℎ = 20 m   is the average building height,  ℎ BS = 25 m   is the BS antenna  height,  ℎ UT = 1 . 5 m   is the UT antenna height,  𝑓 c   is the carrier frequency and  𝑑 3D   is the target range calculated by  ISD/sqrt(3).   


