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[bookmark: _Ref506539118]Introduction
At the RAN1#102-e meeting, the following agreements were made for NR coverage enhancement [1]:
[bookmark: _Hlk46858524]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:
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


Table A. antenna gain components for TDL option 1

Table B. antenna gain components for TDL option 2 and CDL
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. 
· [bookmark: _Hlk50018539]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. 

In the contribution, we discuss link level simulation assumption for NR coverage enhancement in FR1 and FR2. Our views on baseline coverage performance for FR1 and FR2 are described in our companion contributions [2] and [3], respectively.
Simulation assumptions for coverage enhancement in FR1
Table 1 summarizes link level simulation assumptions for NR coverage enhancement in FR1 for PDSCH and PUSCH, including TBS, MCS, number of PRBs and DMRS configurations in the simulations. 

[bookmark: _Ref39476481]Table 1. Link level simulation assumptions for NR coverage enhancement in FR1
	Parameters
	Values

	Frame structure
	DDDSU (S: 10D:2G:2U) at 4GHz

	PDSCH related parameters
	DMRS configuration: Type I, no multiplexing with data.
eMBB
· Maximum number of HARQ transmissions = 1
· Urban scenario, 4GHz
· TBS = 9480, MCS = 4, 118 PRBs, 1 DMRS symbol
· Rural scenario, 700MHz
· 3km/h: TBS = 1128, 14 PRBs, MCS = 4, 1 DMRS symbol
· 120km/h: TBS = 1128, 17 PRBs, MCS = 4, 3 DMRS symbols
· Rural scenario, 4GHz
· 3km/h: TBS = 928, 14 PRBs, MCS = 3, 1 DMRS symbol
· 120km/h: TBS = 928, 14 PRBs, MCS = 4, 3 DMRS symbols
· Rural long distance scenario
· 3km/h: TBS = 1128, 17 PRBs, MCS = 3, 1 DMRS symbol
· 120km/h: TBS = 1128, 17 PRBs, MCS = 4, 3 DMRS symbols
VoIP
· 4 repetitions and maximum number of HARQ transmissions = 2
· For all scenarios: 
· 3km/h: TBS = 320, MCS = 4, 4 PRBs, 1 DMRS symbol
· 120km/h: TBS = 320, MCS = 5, 4 PRBs, 3 DMRS symbols
Msg2
· For all scenarios
· TBS = 72, MCS = 0, TBS scaling = 0.25, 11 PRBs, 3 DMRS symbols
Msg4
· For all scenarios
· TBS = 1064, MCS = 0, 37 PRBs, 2 DMRS symbols
· 

	PUSCH related parameters
	DFT-s-OFDM waveform
Intra-slot frequency hopping is enabled
DMRS configuration: Type I, no multiplexing with data
eMBB:
· Maximum number of HARQ transmissions = 1
· Urban scenario, 4GHz
· MCS = 5, TBS = 2856, 30 PRBs, 2 DMRS symbols
· Rural scenario, 4GHz 
· 3km/h: MCS = 3, TBS = 288, 4 PRBs, 2 DMRS symbols
· 120km/h: MCS = 4, TBS = 304, 4 PRBs, 4 DMRS symbols
· Rural scenario, 700MHz
· 3km/h: MCS = 0, TBS = 136, 4 PRBs, 2 DMRS symbols
· 120km/h: MCS = 0, TBS = 120, 4 PRBs, 4 DMRS symbols
· Rural with long distance, 700MHz 
· 3km/h: MCS = 0, TBS = 136, 4 PRBs, 2 DMRS symbols
· 120km/h: MCS = 0, TBS = 120, 4 PRBs, 4 DMRS symbols
VoIP:
· 4 repetitions and maximum number of HARQ transmissions = 2
· For all scenarios: 
· MCS = 4, TBS = 320, 4 PRBs, 3 DMRS symbols
Msg3:
· For all scenarios: 
· MCS = 0, TBS = 56, 2 PRBs, 3 DMRS symbols



Simulation assumptions for coverage enhancement in FR2
Table 2 summarizes link level simulation assumptions for NR coverage enhancement in FR2 for PDSCH and PUSCH, including TBS, MCS, number of PRBs and DMRS configurations in the simulations.  

[bookmark: _Ref39478415]Table 2. Link level simulation assumptions for NR coverage enhancement in FR2
	Parameters
	Values

	Frame structure
	DDDSU (S: 10D:2G:2U) at 28GHz

	PDSCH related parameters
	DMRS configuration: Type I, no multiplexing with data.
eMBB
· Maximum number of HARQ transmissions = 1
· Indoor scenario
· TBS = 5888, MCS = 5, 60 PRBs, 1 DMRS symbol
· Urban scenario
· 3km/h: TBS = 5888, MCS = 5, 60 PRBs, 1 DMRS symbol
· 30km/h: TBS = 5888, MCS = 5, 66 PRBs, 2 DMRS symbols
· Suburban scenario
· 3km/h: TBS = 240, MCS = 4, 3 PRBs, 1 DMRS symbol
· 30km/h: TBS = 304, MCS = 4, 4 PRBs, 2 DMRS symbols
VoIP
· 4 repetitions and maximum number of HARQ transmissions = 2
· For all scenarios: 
· 3km/h: TBS = 320, MCS = 4, 4 PRBs, 1 DMRS symbol
· 30km/h: TBS = 320, MCS = 5, 4 PRBs, 3 DMRS symbols
Msg2
· For all scenarios
· TBS = 72, MCS = 0, TBS scaling = 0.25, 11 PRBs, 3 DMRS symbols
Msg4
· For all scenarios
· TBS = 1064, MCS = 3, 18 PRBs, 2 DMRS symbols
· 

	PUSCH related parameters
	DFT-s-OFDM waveform
Intra-slot frequency hopping is enabled
DMRS configuration: Type I, no multiplexing with data
eMBB:
· Maximum number of HARQ transmissions = 1
· Urban and Indoor scenarios: 
· 3km/h: MCS = 6, TBS = 3824, 30 PRBs, 2 DMRS symbols
· 30km/h: MCS = 7, TBS = 3752, 30 PRBs, 4 DMRS symbols
· Suburban scenario: 
· 3km/h: MCS = 0, TBS = 40, 1 PRB, 2 DMRS symbols
· 30km/h: MCS = 0, TBS = 40, 1 PRB, 4 DMRS symbols
VoIP:
· 4 repetitions and maximum number of HARQ transmissions = 2
· For all scenarios: 
· MCS = 4, TBS = 320, 4 PRBs, 3 DMRS symbols
Msg3:
· For all scenarios: 
· MCS = 0, TBS = 56, 2 PRBs, 3 DMRS symbols



For NR coverage enhancement, it is more appropriate to align simulation assumptions for PDSCH and PUSCH, especially MCS, TBS, number of PRBs and DMRS configuration for various target deployment scenarios, so as to conduct meaningful link budget analysis. Further, baseline coverage performance and corresponding coverage enhancement target for each physical channel, especially for the physical channel with coverage bottleneck, can be derived accordingly.  
Based on the discussion above, it is suggested to consider Table 1 and Table 2 as a starting point of discussion for link level simulation assumptions in FR1 and FR2 for NR coverage enhancement. 
Proposal 1
· For link budget analysis, it is more desirable to align simulation assumptions for PDSCH and PUSCH, especially MCS, TBS, number of PRBs and DMRS configuration for various deployment scenarios. 
· Consider Table 1 and Table 2 as a starting point of discussion for link level simulation assumptions in FR1 and FR2 for NR coverage enhancement.
Conclusions
In this contribution, we discussed the link level simulation assumptions for NR coverage enhancement in FR1 and FR2. Further, we summarize the proposal as follows:
Proposal 1
· For link budget analysis, it is more desirable to align simulation assumptions for PDSCH and PUSCH, especially MCS, TBS, number of PRBs and DMRS configuration for various deployment scenarios. 
· Consider Table 1 and Table 2 as a starting point of discussion for link level simulation assumptions in FR1 and FR2 for NR coverage enhancement.

References
1. [bookmark: _Ref47206469][bookmark: _Ref20730972][bookmark: _Ref16193927][bookmark: _Ref6926730][bookmark: _Ref7107393][bookmark: _Ref521318726][bookmark: _Ref524340861][bookmark: _Ref510774888][bookmark: _Ref3884257]Chairman’s notes, RAN1 #102 e-Meeting, August 2020
1. [bookmark: _Ref46943670][bookmark: _Ref30840956]R1-2007952, “On baseline coverage performance for FR1”, Intel Corporation, e-Meeting, October 2020
1. [bookmark: _Ref46943683]R1-2007953, “On baseline coverage performance for FR2”, Intel Corporation, e-Meeting, October 2020




7/7
image1.png
Digital
Base
band

| M anteana clements

Antenna gain componct 1

clements i ° v
i Y

- JESN single antenna
[
| i A element gain
| KRE chains | | Y t
|olls 1 : Antenna gain component 4
| | v Y
! H pping Mapping | !
T FomkRE from TXRU
T s bon DRU 2
. || toNTRU : e
P R TES)
1
1
1
I
|
1

Antenna gain component 2

Antenna gain component 3




image2.png
Digkal
Base
band

NTxRUS
(RF chains in
LL)

M antenna clements

| Ve single antenna
) N clement gain

s ]

I

Antenna gain component 1

Mapping.
from TxRU
0 antenna

clements

LY

Antenna gain component 3




