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RAN1#90bis (Prague)

Agreement: URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.

Agreement: In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.

Conclusion:
It is expected that UEs can have URLLC traffic only and can have both eMBB and URLLC traffic.

Agreement: For LTE URLLC evaluation, reliability is used as metric. The reliability definition from NR in 3GPP TR 38.802 is reused.
· Definition: Reliability is defined as the success probability R of transmitting X bits within L seconds, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality Q (e.g., coverage-edge). 
· Spectral efficiency should be considered.
· The latency bound L includes transmission latency, processing latency, retransmission latency and queuing/scheduling latency (including scheduling request and grant reception if any).
· Evaluation method: 
· Use Link level simulation based on ITU methodology (i.e. a step-wise approach)
· The fulfilment of the reliability target is verified in link level simulations at a reference SINR, i.e. Q, resulting from system level simulations.
· FFS: 
· The simulation assumptions to derive the reference SINR, i.e. Q
· The reference SINR is calibrated among companies
· Other link level simulation methodologies not focussing on the ITU requirement are not precluded.
· FFS details
· The error probability should be provided for a range of SNR
NOTE: The ITU evaluation methodology for reliability is defined in section 7.1.5 of “Guidelines for evaluation of radio interface technologies for IMT-2020” from ITU Radiocommunication Study Groups.


After RAN1#90bis (Prague)
Agreement made over the RAN1 reflector after the end of RAN1#90b

Agreement:
The SINR from system level evaluations is based on long-term SINR at a given position in the network and excludes fast fading component.
Agreement:
The SINR collected in system level simulations is the one at the antenna connector reference point (no combination of antenna ports are considered).
Agreement:
Since the SINR is derived at the antenna connector without combination between ports, it is assumed that the assumption on number of antenna elements for the UE does not have an impact to the derived SINR point.
Agreement:
The channel model used for system level evaluations is the one described in 3GPP TR 38.901 (also called model B in ITU Eval document). 
Agreement:
The following simulation settings for Urban Macro-URLLC are used:
	Parameter
	Value

	Carrier frequency for evaluation
	700 MHz

	Inter-site distance
	500 m

	UE power class
	23 dBm

	BS antenna height
	25 m

	Inter-site interference modelling
	Explicitly modelled

	BS noise figure
	5 dB

	BS antenna element gain
	8 dBi

	UE antenna element gain
	0 dBi

	Thermal noise level
	-174 dBm/Hz

	UE antenna height
	1.5 m

	Traffic model     
	Full buffer (Note: it is for SINR CDF distribution derivation)

	Number of URLLC UEs/TRxP
	10 for SINR CDF distribution derivation

	URLLC UE location
	80% outdoor,
20% indoor 

	Total transmit power per TRxP
	49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth

	Simulation bandwidth
	20 MHz

	UL PUSCH power control parameters
	α=1.0, P0,PUSCH=-106 (suggested value for UL SINR CDF distribution derivation and calibration)
Other values are not precluded. If other values are used, it shall be reported.

	UL PUCCH power control parameters
	P0, subframe-PUCCH = -116
P0, slot-SPUCCH         = -113
P0, subslot-SPUCCH   = -108
(suggested value for UL SINR CDF distribution derivation and calibration)

	Bandwidth allocation
	PUSCH: FFS
PUCCH: 1 RB (To get a full load SINR for PUCCH, the same mutual interferers as for PUSCH are assumed but on a bandwidth of 1 RB)

	Number of antenna elements per TRxP
	16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), 
(dH,dV) = (N/A, 0.8)λ

	Number of TXRU per TRxP
	2TXRU, =(Mp,Np,P,Mg,Ng) = (1,1,2,1,1)

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0



Agreement:
In addition to the Urban Macro-URLLC scenario, an indoor scenario is also defined, following the same ITU methodology. Details are FFS but Indoor Hotspot-eMBB from ITU IMT2020 Eval document is used as a starting point for setting the details
RAN1 #91 (Reno)

Agreement:
The UE noise figure adopted for system level simulations is 9 dB. 
· Note: This does not have any implications on the demodulation requirements that will be set.

Working assumption:
For system level simulations, the system bandwidth on the UL is equally split between the number of UEs simulated. Each UE in each TTI/sTTI will be allocated 10 RBs (assuming 10 UE per sector and 100 RB system bandwidth) in a round-robin fashion.
· Note: This does not impact the RB allocations assumed for the link level simulations

Agreement:
Electrical down-tilt (no mechanical tilt, reference is the horizontal plane) for system level evaluation is 8 degrees

[bookmark: _Toc499301176]Agreement:
[bookmark: _Hlk499560709]Use the Indoor Hotspot-eMBB, Configuration A, and changing the carrier frequency to 2 GHz, evaluation configuration from “Guidelines for evaluation of radio interface technologies for IMT-2020 [IMT-2020.EVAL]” for deriving minimum SINR for link level evaluations

[bookmark: _Toc499301177]Agreement:
The antenna configuration per TRxP for the eNB in the Hotspot scenario is (M,N,P,Mg,Ng) = (4,4,2,1,1), (dH,dV) = (0.5, 0.5)λ (Nomenclature is defined in “Guidelines for evaluation of radio interface technologies for IMT-2020 [IMT-2020.EVAL]”)
[bookmark: _Toc499301178]
Agreement: 
The number of TXRUs per TRxP for eNB in the Hotspot scenario is 2, mapping as (Mp,Np,P,Mg,Ng) = (4,4,2,1,1)

Agreement:
The full channel model in “ITU IMT2020 Eval“/38.901 is adopted for system level simulations, where the magnitude squared of the channel coefficients over time and frequency are averaged (to reflect long-term SINR) to determine the average path gain for each link

Agreement:
Adopt the ITU assumption on 100% low-loss building types in the channel model for the macro deployment scenario

Agreement:
Adopt a geographical distance based wrapping method for system level simulations for the macro deployment scenario


Agreement: Use 700MHz as baseline for the carrier frequency in link level evaluations for the macro deployment scenario

Agreement: Use 2GHz as the baseline carrier frequency in link level evaluations for the indoor hotspot deployment scenario

Agreement: Use TDL-C and TDL-E as the baseline channel model for link level evaluations in TR 38.901 for the macro deployment scenario
Agreement: Use the following in link level simulations.
	Packet size
	32 bytes at Layer 2 PDU as a baseline. FFS an optional larger packet size.



After RAN1#91 (email approval)
Agreement made over the RAN1 reflector after the end of RAN1#91 (email approvals [91-LTE-07], [91-LTE-08], [91-LTE-09])

From email approval [91-LTE-07] on link level evaluations

Agreement: 
Adopt following for link level simulation assumptions for LTE URLLC

	
	Urban Macro–URLLC
	Indoor Hotspot-eMBB

	Channel model
	NLOS: TDL-C in TR 38.901
LOS: TDL-E in TR 38.901
	NLOS: TDL-A in TR 38.901
LOS: TDL-D in TR 38.901

	Delay spread scaling parameter[image: ]
	LOS: 93ns
NLOS: 363ns
	LOS: 20ns
NLOS: 39ns

	UE speed
	3km/h, 30km/h
	3km/h

	Transmission mode for PDSCH
	TM2 as baseline.

	DL control payload in simulation for PDCCH/SPDCCH
	Companies report their assumptions.

	UL control payload in simulation for PUCCH/SPUCCH
	A single carrier (using a single TTI length in each direction), single codeword for PDSCH is assumed as the baseline

	Processing time line
	Companies report their assumptions.

	SINR range
	A range including 5th percentile downlink/uplink SINR in system level simulation

	Latency bound
	1ms, 10ms
Companies report delay assumptions according to table X

	Sub-carrier spacing
	15kHz

	TTI length
	Subslot (2 or 3 symbols per TTI), slot (7 symbols per TTI, 0.5ms), 1ms TTI (14 symbols per TTI, 1ms)
Other values are not precluded (companies report if other value is used)

	Number of UEs
	1 UE (other UE numbers are not precluded)

	Channel estimation
	Practical

	Receiver type
	MMSE



                                      Table X Latency analysis for URLCC
	Step 
	Description 
	Value 

	1.0
	Scheduling request and scheduling for uplink transmission
	

	1.1
	Transmitter Processing Delay 
(eNB for DL; UE for UL)
	

	1.2 
	Frame Alignment
	

	1.3 
	Data channel transmission durationnote
	

	1.4 
	Receiver Processing Delay 
	

	1.5
	HARQ Retransmission 
	

	
	Total one way delay [ms] 
	


Note: This includes the potential blind/HARQ-less repetitions.

Agreement:
Use the following in link level simulations
	BS TX antenna configuration
	2 TX ports




Agreement:
Use the following in link level simulations
	Link adaptation for PDSCH
	Disabled as baseline.
Companies report if link adaptation is used.



Agreement: 
The derivation of overall data reliability is down-selected between following options:
Option 1: The reliability of each channel are evaluated independently by link level simulation. The overall reliability is computed analytically based on the reliability obtained in link level simulation (companies report their details in analysis).
Option 2: The reliability of the (S)PPDCCH and PDSCH are evaluated jointly by link level simulation, and independently for other channels. The overall reliability is computed analytically based on the reliability obtained in link level simulation (companies report their details in analysis).

Agreement: Use the following in link level simulations
	BS RX antenna configuration
	2/4 Rx ports

	UE TX antenna configuration
	FFS:
· 1TX port as baseline, 2 TX ports as optional
or
· 2 TX ports

	UE RX antenna configuration
	2RX ports as baseline, 4RX as optional for 700 Mhz.
FFS for 2 GHz
· 2 RX ports as baseline, 4 RX ports as optional
or
· 4 RX ports



Agreement: Use the following in link level simulations
	Modulation and coding rate
	A subset of existing LTE MCS set in Table 7.1.7.1-1 used as baseline. FFS the entries of the subset.
The use of other MCSs with lower code rate is not precluded



Agreement: Use the following in link level simulations
	System bandwidth
	20 MHz

	Resource allocation
	Companies report
Up to 20 MHz




From email approval [91-LTE-08] on system level evaluations for the Indoor scenario

Agreement:
The TXRUs per TRxP for eNB in the Hotspot scenario is mapped as (Mp,Np,P,Mg,Ng) = (4,4,2,1,1).

Agreement:
The following parameters and their associated values should be considered in the system-level evaluation of LTE URLLC in an indoor scenario:

	Parameters
	Value
	Parameters
	Value

	Carrier frequency for evaluation
	2 GHz
	UE speeds of interest
	100% indoor, 3 km/h

	BS antenna height
	3 m
	Inter-site interference modeling
	Explicitly modelled

	Total transmit power per TRxP
	24 dBm for 20 MHz bandwidth
21 dBm for 10 MHz bandwidth
	BS noise figure
	5 dB

	UE power class
	23 dBm
	BS antenna element gain
	5 dBi

	Number of UE antenna elements
	1 Tx/Rx, (M,N,P,Mg,Ng) = (1,1,1,1,1)
0° polarization
NOTE: For the purpose of Q derivation
	UE antenna element gain
	0 dBi

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Thermal noise level
	-174 dBm/Hz

	UE antenna height 
	1.5m
	Traffic model
	Full buffer

	UL PUCCH power control parameters
	P0, subframe-PUCCH = -116
P0, slot-SPUCCH         = -113
P0, subslot-SPUCCH   = -108
	Device deployment
	100% indoor
Randomly and uniformly distributed over the area

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)
	UL PUSCH power control parameters
	α=1.0, P0, PUSCH=-106dBm


	Beam forming
	Ideal
	Bandwidth allocation
	PUSCH: Equal bandwidth
PUCCH: 1 RB (To get a full load SINR for PUCCH, the same mutual interferers as for PUSCH are assumed but on a bandwidth of 1 RB)

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	 



Agreement:
For the system-level evaluation of LTE URLLC in an indoor scenario, consider the channel model described in 3GPP TR 38.901 (also known as model B in ITU Eval. document).

Agreement:
The averaged magnitude squared of the channel coefficients over time and frequency should be used as the average path gain for each link.

Agreement:
Assume a single CC of 20MHz for system-level simulations for the system-level evaluation of LTE URLLC in an indoor scenario.

Agreement:
Consider a UE noise figure of 9dB.

Agreement:
The wrap-around is not considered for the evaluation of LTE URLLC in an indoor scenario.

Agreement:
The UE density is 10 UEs per TRxP, which are uniformly and randomly distributed throughout the geographical area.

Agreement:
3 TRxP per site with mechanical tilt of 110 degrees in GCS, and electrical tilt of 90 degrees in LCS.

Agreement:
The TRxP boresight 30/150/270 degrees.

Agreement:
The inter-site distance follows the deployment shown in Figure A.2.1-1 in 3GPP TR 38.802.


From email approval [91-LTE-09] on SINR calibration for the system level evaluations for the macro scenario

Agreement:
The minimum UL UE power is -40 dBm

Agreement:
The following Q-values (5th percentile SINR) is adopted for URLLC for LTE:

	
	Q [dB]

	DL SINR
	-2.6

	PUSCH
	TBD

	Subframe-PUCCH
	-4.1

	Slot-PUCCH
	-2.8

	Subslot-PUCCH
	-1.7



Agreements:
For deriving the Q-value (5th percentile SINR) for PUSCH, the resource allocation scheme adopted shall be down-selected at RAN1#92:
1. 10 consecutive PRBs are randomly allocated to each UE
1. The resource allocation should aim at averaging interference in the network (compared to 1) ). The method can make use of measured SINR/interference levels, with details left up to each proponent.
NOTE: Companies are encouraged to provide Q-value using both approaches as input to RAN1#92, to be able to agree on a final Q-value.


RAN1 #92 (Athens)

Agreement: 
Use the following in link level simulations
	Modulation and coding rate
	IMCS={0,3} (see 3GPP TS 36.213, table 7.1.7.1-1 and table 8.6.1-1)
The use of other MCSs is not precluded

	Packet size
	32 bytes at Layer 2 PDU as a baseline for the 1 ms latency bound
32 and 100 bytes at Layer 2 PDU as a baseline for the 10 ms latency bound

	UE TX antenna configuration
	1TX port as baseline

	UE RX antenna configuration
	2/4 RX ports for the 2 GHz case




Agreement:
Only the Q-values derived for the macro scenario are used for link-level evaluations

Agreement: 
The reliability of each channel are evaluated independently by link level simulation. The overall reliability is computed analytically based on the reliability obtained in link level simulation (companies report their details in analysis). When repetitions/retransmissions are used, the performance for PDSCH/PUSCH with repetitions/retransmissions is evaluated in a single simulation where correlations in the channel for the different repetitions is modelled.

Agreement:
Q values used for PUSCH for macro scenario is 2.5 dB. 
Note: The Q value used was derived based on an average of interference over time with the nodes in the network using a proportional fair scheduler.

Agreement:
The following PUCCH formats are used as a baseline in the evaluations 
· PUCCH format 1a 
· Slot-sPUCCH format 1b
· Subslot-sPUCCH format 1b

Agreement:
There is no need to consider solutions that enable transmission by the eNB of a single PDCCH/sPDCCH candidate over more than 16 CCEs/sCCEs.

Agreement:
One or more of the following solutions are needed for DL control for URLLC operation
· A reduced size/compact DCI is needed for URLLC operation
· Study the design of reduced size/compact DCI. The studies should at least include the use of 
· reduced resource allocation
· reduced MCS signaling overhead
· Use of multiple PDCCH/sPDCCH for URLLC operation
· Study whether the multiple PDCCHs are repetitions that need to be combined to decode a single PDCCH 
· Study whether the DCI contents need to be the same across the multiple PDCCH assignments
· Use aggregation level greater than 8
· Study PDCCH candidate aggregation or definition of a single candidate with a higher aggregation level

Agreement: 
Study the effect of false alarm rate on the URLLC performance. Candidate techniques to solve the issues (if identified) may (beside others) include using larger CRC size as well as using (a-priory) known information field content.

Agreement:
Changes to the frame structure and TTI length are not considered in this work item.

Agreement:
One or more of the following solutions for DL data are needed for URLLC operation 
· blind/HARQ-less PDSCH repetition in different TTIs
· Consider the following variants
· Variant 1: dynamic indication of the PDSCH repetition factor in DCI
· Variant 2: semi-static configuration of the PDSCH repetition factor over RRC
· Variant 3: independent PDSCH assignment for each PDSCH transmission
· Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)
· Study if and how PDSCH repetition can be combined with TTI level FH. 
· URLLC PDSCH MCS design/operation
· Consider the need for URLLC PDSCH MCS design considering other candidate techniques such as blind/HARQ-less PDSCH repetition as well as the compact DCI design.
· Study the following aspects
· the MCS range for URLLC operation e.g. support of lower MCS, maximum supported MCS
· Combination of MCS with other information e.g. RV, number of repetitions
· URLLC related CQI enhancements
· Consider CQI definition
· lower target BLER(s) for URLLC CQI/CSI
· the CQI relation with lower PDSCH MCS and/or PDSCH repetition.
· Consider CQI reporting enhancements 
· Note: The need for preemption techniques can also be discussed

Agreement:
The work item supports blind/HARQ-less repetition for PDSCH in different TTIs.
FFS: Details among the four identified variants and including UE capability

Conclusion:
The impact of blind/HARQ-less PDSCH repetitions on RAN1 specification is at least:
· clarification that a retransmission can occur back to back with the initial TB transmission 
· UE capability and RRC configuration to enable repetitions
· Possible optimization on how to handle HARQ feedback
· Indication to the UE that the repetitions are applied via DCI or RRC configuration

Agreement: 
Study PUSCH repetition (on TTI level) as one key UL SPS enhancement for URLLC and study further how to realize it. The studies should at least include indication of the repetition factor in the activation DCI, higher layer configuration of the repetition factor and combining PUSCH repetition with TTI level FH.

Agreements:
For LTE URLLC operation, at least an UL SPS repetition configuration is supported where a UE can start the initial transmission of a TB at any (s)TTI

Agreement:
RAN1 should strive to design a UL SPS repetition scheme where the number of repetitions K is guaranteed under certain conditions related to collision with e.g. new data arrival or scheduled PUSCH. The so far identified issues to solve are:
· Ambiguity of HARQ process between eNB and UE and reception performance because eNB may not know if the received transmission is the first transmission of a new TB or a repetition of a previous TB
· Phase continuity when transmitting SRS or when crossing the subframe boundary

Agreement:
One or more of the following solutions for UL data are needed for URLLC operation 
· blind/HARQ-less PUSCH repetition for scheduled PUSCH in different TTIs
· Consider the following variants
· Variant 1: dynamic indication of the PUSCH repetition factor in DCI
· Variant 2: semi-static configuration of the PUSCH repetition factor over RRC
· Variant 3: independent PUSCH grant for each PUSCH transmission
· Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)
· Study if and how PUSCH repetition can be combined with TTI level FH. 
· URLLC MCS design/operation
· Consider the need for URLLC MCS design considering other candidate techniques such as blind/HARQ-less PUSCH repetition as well as the compact DCI design.
· Study the following aspects
· the MCS range for URLLC operation e.g. support of lower MCS, maximum supported MCS
· Combination of MCS with other information e.g. RV, number of repetitions
· PUSCH TPC enhancements 
· Study the following aspects
· separate TPC loops
· separate TPC parameters 
· sub-band specific TPC
· UL preemption techniques

Agreements:
The following are studied for UL control for URLLC operation
· TPC enhancements
· Different TPC parameters (e.g., P0)
· sTTI length dependent power boosting
· HARQ-ACK state dependent power boosting and constellation mapping
· PUCCH repetition techniques.  
· The need for PUCCH enhancements for URLLC
· Modifications to the beta-offset for UCI on PUSCH

RAN1 #92bis (Sanya)
Agreement:
Support an optional, CFI configuration per TTI length through UE and serving cell specific semi-static configuration.
· If CFI is semi-statically configured for TTIs of different lengths, the UE does not expect the configured CFI values to be different.
· The semi-static CFI value could be configured separately for MBSFN and non-MBSFN subframes over each cell.
Agreement:
PDCCH indicates number of PDSCH transmissions associated with the PDCCH. PDCCH may or may not be transmitted with a PDSCH repetition. PDSCH transmissions can be soft combined after a PDCCH is successfully received
· The number of transmissions, k, is the number of PDSCH transmissions associated with the PDCCH starting with the current TTI
· FFS: Values for k
· FFS: What the UE does with PDCCHs received for the TB after a successfully received PDCCH within the repetition window

Agreement:
Supporting repetition based PDSCH reception is a UE capability. 
· FFS: Details of capabilities and how they are signalled.
 
Agreement:
The UE shall discard any PDSCH assignment for a (s)TTI in a serving cell with CRC scrambled with C-RNTI, if PDSCH by means of blind repetition is being received in that (s)TTI in the same serving cell.
 
Agreement:
Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration. If configured, a single DCI format is used to schedule PDSCH with a given TTI length. There is a field in the DCI that indicates the number of PDSCH transmissions k associated with the DCI, where k >= 1. 
· FFS on DCI content

Working assumption:
For HARQ for repeated PDSCH transmissions, the UE shall report HARQ feedback with the timing given by the last PDSCH repetition.

RAN1 #93 (Busan)

Agreement:
For system level simulations, the system bandwidth on the UL is equally split between the number of UEs simulated. Each UE in each TTI/sTTI will be allocated 10 RBs (assuming 10 UE per sector and 100 RB system bandwidth) in a proportional fair fashion.
Note: This does not impact the RB allocations assumed for the link level simulations

Agreement:
For PDSCH repetitions, the number of PDSCH transmissions, k, associated with the PDCCH starting with the current TTI can take the following values and is indicated in a 2-bit DCI field as follows.
	DCI bit field
	Value of k for 
subframe, slot and subslot

	00
	1

	01
	2

	10
	3

	11
	a value configured over RRC from {4, 6}




Agreement:
For PDSCH repetition, a field of 2 bits is amended to the PDSCH related DCI (i.e. subframe PDSCH DCI and DCI 7-1x).


Change the previous agreement as follows:
· Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration. If configured, a single DCI format is used to schedule PDSCH with a given TTI length. There is a field in the DCI that indicates the number of PDSCH transmissions k associated with the DCI, where k >= 1.
· If configured for slot or subslot PDSCH, a single DCI format containing this field is used to schedule slot or subslot PDSCH
· If configured for subframe PDSCH, the UE (as in legacy) continues to monitor for DCI Format 1A and the DL TM specific DCI format. The field is included only in DCI format 1A on USS

Agreement:
For slot/subslot PDSCH repetition, the rate-matching around SPDCCH resources for the PDSCH transmissions within a repetition window follows the rate-matching around SPDCCH resources for the first PDSCH transmission of the repetition window.


Agreement:
· For TDD, if a UE is scheduled with K repetitions for slot PDSCH, the UE assumes the PDSCH to be present in the next available K DL slots 
· UL slots are not counted in the repetition count
· For TDD, if a UE is scheduled with K repetitions for subframe PDSCH, the UE assumes the PDSCH to be present in the next available K DL subframes or flexible subframes
· UL subframes are not counted in the repetition count
· In case different DL transmission modes are configured for MBSFN and non-MBSFN subframes for slot or subslot PDSCH, a UE is only expecting PDSCH repetitions up to the boundary between MBSFN and non-MBSFN subframes in case of a larger indicated K (larger than the number of remaining TTIs of the same subframe type). 
· For TM10 blind/HARQ-less PDSCH repetition, the UE is to assume the same PQI to be applied to all PDSCH repetitions.

Agreement:
· Slot & subslot PDSCH repetition across subframe boundaries is supported
· For subslot PDSCH, in case sTTI#0 cannot contain PDSCH (i.e CFI=1 or 2 / PDCCH length of 2 or 3) then sTTI#0 is not counted as valid transmission/repetition and the next repetition resumes from sTTI#1

Agreement:
[bookmark: _Toc513539957][bookmark: _Toc513539977][bookmark: _Toc513542567][bookmark: _Toc513549272][bookmark: _Toc513550980][bookmark: _Toc513551255][bookmark: _Toc513552217]When a UE is configured with a semi-static CFI for a given TTI length, the UE is not expected to decode PCFICH for that TTI length.
Agreement:
PDSCH repetitions associated with a single DL assignment assume the same RB allocation.


Agreement:	
For slot/subslot PDSCH repetition and DMRS based PDSCH, the UE may assume that the same precoder is kept between PDSCH repetitions. For TDD, the UE cannot assume coherent DMRS channel estimation across a UL/DL switching point.
· Note: this allows the UE to do coherent channel estimation filtering.

Conclusion: 
Agreements referring to PDCCH in the LTE_HRLLC WI are intended to refer to the DL assignment which may be via PDCCH/SPDCCH/EPDCCH on a slot/subslot/subframe as applicable.


Agreement:
For subslot PDSCH repetitions DMRS sharing is not supported for blind/HARQ-less PDSCH repetition with k > 1, i.e., DMRS is present in each subslot. 
· For k > 1, the value of DMRS position field is fixed by specification to 0


Agreement:
For slot/subslot PDSCH, with k > 1, the maximum transmission rank is 2 for reception of PDSCH.

Agreement:
For PDSCH repetitions, different RV can be used in different PDSCH transmissions within the repetition window. (i,.e. RV cycling is supported).

Agreement:
For PDSCH repetitions and RV cycling, the RV field in the DCI scheduling a repetition sequence of k PDSCH transmissions identifies the starting RV in the cycling sequence that is used for the first transmission of PDSCH within the repetition window.

Agreement:
For PDSCH repetitions and RV cycling, the following options are considered.
· The RV cycling sequence applied for PDSCH repetition when PDSCH repetition is configured is configured by higher layer signalling and selected between {0, 0, 0, 0} or {0, 2, 3, 1}.


Agreement: 
· The number of HARQ processes for PDSCH repetition applicable when k > 1 can be configured. The value range is 1 to the maximum number of DL HARQ processes.
· The x MSB of the 5-bit MCS field for PDSCH repetitions and k>1 are set to 0. The value of x is configurable and the value range is {0,1}

Agreement:
Confirm the working assumption: For HARQ for repeated PDSCH transmissions, the UE shall report HARQ feedback with the timing given by the last PDSCH repetition.

Agreement:
The total number of UL transmissions that can be configured for UL SPS repetition is from {2, 3, 4, 6}.


Agreement:
The following UL SPS repetition scheme with SPS periodicity P is supported with N SPS configurations on a serving cell for subframe/slot/subslot operation, where N<=6. The support of the UL SPS repetition scheme in the RAN1 specifications is subject to RAN2 defining the support of multiple SPS configurations on a serving cell in this WI. 
The following is defined per SPS configuration.
· The total number of UL transmissions K obtained with the UL SPS repetition scheme is RRC configured and can take any value from {2, 3, 4, 6} that satisfies K <= P.
· The initial transmission of a TB shall start at the first transmission occasion of the K transmissions. Single HARQ process/TB per transmission window. 
· RV sequence is configurable and can take one of the following values 
· Value 1: {0, 0, 0, 0, 0, 0}
· Value 2: {0, 2, 3, 1, 0, 2}
· Value 3: {0, 3, 0, 3, 0, 3}
· The Cyclic shift for UL DMRS is configured by RRC (3-bit CS).
· When N > 1 is configured for UL SPS, the 3 LSB of the bit field for HARQ process ID in the SPS activation/deactivation DCI indicate which SPS configuration is activated/deactivated.
· The UE shall not transmit PUSCH simultaneously using different UL SPS configurations on a serving cell.


Agreement:
For UL SPS repetition with subframe/slot/subslot operation with multiple UL SPS configurations on a serving cell for a given TTI length:
· In one TTI only one UL SPS configuration can be activated
· The initial transmission of a TB for different UL SPS configurations is on different TTIs.
· Different HARQ process IDs are used for different UL SPS configurations.


Agreement:
Separate UE capability is defined for the support of UL SPS repetitions for subframe, slot and subslot. 
FFS: Whether UE indicates the maximum number of supported UL SPS configurations per serving cell or across all serving cells.

Agreement:
For UL SPS repetition with subslot operation, the TBS scaling factor of subslot PUSCH transmitted using an UL SPS configuration is configurable per UL SPS configuration and can take a value from {1/6, 1/12} independently of the number of PUSCH data symbols.


Agreement:
In case of collision between non-SPS PUSCH and a SPS PUSCH (that is part of a SPS repetition window) of the same TTI length in the same subframe/slot/subslot on a given carrier, the UE shall transmit non-SPS PUSCH transmission and drop the colliding SPS PUSCH transmission.
· Note: Not necessarily captured in RAN1 specifications
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Agreement:
For UL SPS repetition with subframe/slot/subslot operation with multiple UL SPS configurations on a serving cell for a given TTI length:
· Each UL SPS configuration is activated by individual SPS activation DCI.
· The UE is not expected to receive more than one activation DCI in a TTI.


Agreement:
UL SPS repetition across subframe boundary is supported


Agreement:
If the UE is configured with UL SPS and the configured number of SPS PUSCH transmission k>1, simultaneous transmission of PUSCH and PUCCH is not configured.


Agreement:
In case of collision between (S)PUCCH and a SPS PUSCH (that is part of a SPS repetition window) of the same TTI length in the same subframe/slot/subslot on a given carrier, 
· the UE shall transmit SPS PUSCH transmission and drop/stop the (S)PUCCH transmission
· HARQ-ACK of (S)PUCCH is transmitted via the SPS PUSCH that collides with (S)PUCCH.
· CSI of (S)PUCCH, if any, is dropped.


Agreement:
In case of collision between SPS subframe-PUSCH (that is part of a SPS repetition window) and a non-SPS slot/subslot-PUSCH in the same subframe on a given carrier, the UE shall transmit non-SPS slot/subslot-PUSCH transmission and drop the colliding subframe SPS PUSCH transmission.


Agreement:
In case of collision between SPS subframe-PUSCH (that is part of a SPS repetition window) and a slot/subslot-PUCCH in the same subframe on a given carrier, the UE shall transmit slot/subslot-PUCCH transmission and drop the colliding subframe SPS PUSCH transmission.


Agreement:
For each UL subslot SPS repetition configuration, the UL DMRS pattern for UL SPS is reused.

Agreement:
From RAN1 perspective to guarantee the number of repetitions, on a serving cell an ongoing UL SPS repetition transmission should not be interrupted by another UL SPS repetition configuration having new data arriving (i.e. UE should wait with a SPS transmission of another TB till having finished the repetitions of an ongoing UL SPS repetition transmission) 
· Note: This may not have RAN1 specification impact. 
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