Page 1
3GPP TSG-RAN WG4 Meeting #102-e                                                R4-2207210		 
Electronic Meeting, 21st Feb – 3rd March, 2022

[bookmark: Source]Agenda item:	10.18.3
Source:	China Telecom
Title:	WF on PUSCH demodulation performance of Rel-17 NR coverage enhancement
[bookmark: DocumentFor]Document for:	Approval
Introduction
This document provides the way forward on PUSCH demodulation performance of Rel-17 NR coverage enhancement.
The previous WF is listed as below:
· R4-2203030 - WF on PUSCH demodulation performance of Rel-17 NR coverage enhancement, China Telecom, RAN4# 101-bis-e
PUSCH repetition type A with 32 repetitions
Not to define BS demodulation requirements for PUSCH repetition type A with 32 repetitions
PUSCH TB over Multi Slots (TBoMS)
Background agreement in the previous meeting:
Whether to define BS demodulation requirements for PUSCH TBoMS
· Define BS demodulation requirements for PUSCH TBoMS and further discuss the test parameters

TDD UL-DL pattern for BS requirements for PUSCH TBoMS
· For 30kHz SCS:
· 7D1S2U, S=6D:4G:4U as starting point 
· As baseline, reuse the existing applicability for test requirement for different TDD UL-DL patterns.
· The above sub-bullets can be further updated if technical issues are found

Other parameters for BS requirements for PUSCH TboMS
· Cover both FR1 and FR2
· For other parameters, use the parameters in the following table as starting point
	Parameter
	Value

	HARQ
	Maximum number of HARQ transmissions
	4

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	0

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	
	

	
	Start symbol
	0 

	
	Allocation length
	14 

	Code block group based PUSCH transmission
	Disabled



Agreements and open issues for RAN4#102-e
Physical/available slots for BS requirements for PUSCH TBoMS
· For FDD:
· Option 1: 4 available slots
· Option 2: 8 available slots
· Option 3: 2 available slots
· For TDD:
· Option 1: 4 available slots 
· Option 2: 2 available slots 
· Option 3: 8 available slots 
· Agreement for the second round
· For FDD: FFS
· For TDD: Cover 2 available slots, FFS whether also cover 4 available slots.

Repetition number for BS requirements for PUSCH TBoMS
· Not to consider repetition for TBoMS

PRB number for BS requirements for PUSCH TBoMS
· Option 1: Narrow PUSCH allocation
· Option 1A: 5 PRBs 
· Option 2: minimum BW allocation
· 15kHz SCS: 25 RBs for all channel bandwidths
· 30kHz SCS: 24 RBs for all channel bandwidths
· 60kHz and 120kHz SCS: 32 RBs for all channel bandwidths

Inter-slot frequency hopping for BS requirements for PUSCH TBoMS
· Option 1: Enabled
· Option 2: Disabled
· Agreement for the second round
· Agree disable inter-slot frequency hopping for BS requirements for PUSCH TBoMS

TDD UL-DL pattern for BS requirements for PUSCH TBoMS
· For FR1 15kHz SCS:
· Option 1: 3D1S1U, S=10D:2G:2U 
· Option 2: No PUSCH requirement with TBoMS for TDD UL-DL pattern as 3D1SU in 15 kHz SCS.
· Option 3: new TDD pattern is needed 
· For FR1 30kHz SCS:
· 7D1S2U, S=6D:4G:4U 
· For FR2 60kHz SCS:
· Option 1: DDSU, S=11D:3G:0U 
· Option 2: Use TDD UL-DL pattern with more UL slots in the test, e.g., DSUUU
· Option 3: 3D1S1U, S=10D:2G:2U
· Option 4: 7D1S2U, S=6D:4G:4U
· Option 5: new TDD pattern is needed 
· For FR2 120kHz SCS:
· Option 1: 3D1S1U, S=10D:2G:2U
· Option 2: Use TDD UL-DL pattern with more UL slots in the test, e.g., DSUUU 
· Option 3: Use the default 7D1S2U, S=6D:4G:4U pattern 
· Option 4: new TDD pattern is needed 

Transform precoding for BS requirements for PUSCH TBoMS
· Cover CP-OFDM
· FFS whether DFT-S-OFDM will be considered

Whether to consider UCI multiplexing on PUSCH for TBoMS transmission
· Agree not to test PUSCH demodulation with UCI multiplexing for TBoMS transmission

Test requirement for FR1 and FR2 on PUSCH for TBoMS transmission
· Keep the previous agreement on covering both FR1 and FR2
· Reuse the existing test applicability rule for different subcarrier spacings defined in 8.1.2.1.1 in 38.141-1 for FR1 and 38.141-2 for FR2 as start point.
· FFS on whether the existing test applicability rule for different channel bandwidths defined in 8.1.2.1.2 in 38.141-1 for FR1can be reused.

MCS for TBoMS PUSCH demod test
· Candidate options:
· Option 1: MCS4 (QPSK 1/3) in 64QAM MCS table (Table 1)
· Option 2: MCS2 (QPSK 193/1024) in 64QAM MCS table (Table 1) 

RV sequence for TBoMS PUSCH demod test
· Candidate options:
· Option 1: [0 2 3 1] in case no repetition is used
· Option 2: [0 0 0 0] and optionally [0 3 0 3] when no repetition is used 
· Agreement for the second round
· Agree option 1

PUSCH mapping type for TBoMS PUSCH demod test
· For FR1:
· Cover PUSCH mapping type A and type B 
· For FR2:
· Option 1: Cover PUSCH mapping type A and type B
· Option 2: Only cover PUSCH mapping type B
· Reuse the existing applicability rule for different configurations defined in 8.1.2.1.3 in TS 38.141-1 and TS 38.141-2 for FR1 and FR2, respectively.
· Agreement for the second round
· Agree Option 2 for FR2.

Antenna configuration for TBoMS PUSCH demod test
· Cover 1T2R for FR1 and FR2
· FFS 4Rx 8Rx for FR1

Propagation condition for TBoMS PUSCH demod test
· Option 1: TDLB100-400 Low for FR1 and TDLA30-300 Low for FR2
· Option 2: TDLA30-10 for FR1 and TDLA30-75 for FR2 
· Option 3: Cover both option 1 and option 2 for simulation, and further make down-selection to only use one based on which model provides more performance gain 
· Agreement for the second round
· Use higher speed channel model (Option 1 as above) for TBoMS requirement, and use lower speed channel model (TDLA30-10 for FR1, FFS for FR2) for PUSCH JCE requirement.

Test metric for TBoMS PUSCH demod test
· Option 1: Test SNR at which the PUSCH achieves 70% of throughput
· Option 2: Include SNR point at 2% BLER as a candidate test metric and further decide based on simulation results 

Other parameters for BS requirements for PUSCH TBoMS
· Candidate options for additional DM-RS symbols for FR2 
· Option 1: 1+0 and 1+1
· Option 2: Only one DMRS configuration
· Candidate options for additional DM-RS symbols for FR2:
· Option 1: Covering both PT-RS with K = 2, L = 1 and not configured PT-RS
· Option 2: Only one PT-RS configuration
· Option 2A: Not configure PT-RS
· Candidate options for other parameters for FR2
	Parameter
	Value

	HARQ
	Maximum number of HARQ transmissions
	4

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID=0, nSCID =0

	Time domain
	
	

	resource
	Start symbol index
	0 

	
	Allocation length
	10


· Agreement for the second round
· The other parameters listed in the above Table for FR2 are agreeable as start point.

Collection of simulation results for TBoMS
· For initial simulation alignment purpose, for the next meeting, encourage companies to provide TBoMS simulation results for MCS 2 and MCS 4 with different candidate test metrics with 5PRB resource allocation for 30kHz SCS TDD. 

PUSCH demodulation with Joint Channel Estimation (JCE)
Background agreement in the previous meeting:
Whether to define BS PUSCH demodulation requirements with JCE
· Define BS PUSCH demodulation requirements with JCE, while the detailed parameters should be set following RAN1 and RAN4 RF agreement

PUSCH repetition type for BS PUSCH demod requirements with JCE
· Agree to use Back-to-back PUSCH transmissions
· Repetition Type will be further discussed

Agreements and open issues for RAN4#102-e
Actual TDW length for JCE in BS PUSCH demod requirements
· For TDD
· 2 consecutive slots as start point 
· For FDD
· Option 1: 2 consecutive slots
· Option 2: 4 consecutive slots 
· Option 3: 8 consecutive slots 
· Option 4: 16 consecutive slots 
· Option 5: 2 and 4 slots as starting point with further down selection based on results (Intel)
· Agreement for the second round
· 2 consecutive slots as the start point for TDD.
· Further discussion on FDD is needed, encourage companies provide simulation results based on different consecutive slot numbers.

Configured TDW number for JCE in BS PUSCH demod requirements
· For TDD
· Option 1: cTDW length is configured same as the aTDW length
· Option 2: Use the max number cTDW length to be [32] slots
· For FDD
· Option 1: cTDW length is configured same as the aTDW length
· Option 2: Use configured time domain window (cTDW) to be 8 slots
· Agreement for the second round
· For TDD, FFS
· For FDD, use option 1.

PUSCH repetition type for BS PUSCH demod requirements with JCE
· RAN4 only apply repetition type A for requirement with JCE

PUSCH repetition number for BS PUSCH demod requirements with JCE
· Option 1: the same as aTDW length for JCE
· Option 2: 8 for TDD and 8 for FDD

PRB number for BS PUSCH demod requirements with JCE
· Option 1: 4 PRB
· Option 2: Full applicable test bandwidth
· Agreement for the second round
· Use full applicable test bandwidth.

Inter-slot frequency hopping for BS PUSCH demod requirements with JCE
· Option 1: Enabled with hopping with interval length equal to 2 slots for TDD and 4 for FDD
· Option 2: Disabled for TDD and FDD
· Option 3: Disabled for TDD, and enabled for FDD

TDD UL-DL pattern for BS PUSCH demod requirements with JCE
· For FR1 15KHz SCS
· Option 1: Define new TDD pattern with multiple contiguous UL slots
· Option 1A: DSUUU
· Option 2: No PUCCH requirement with JCE for TDD UL-DL pattern as 3D1SU in 15 KHz SCS.
· Option 3: Add requirement for FR1 15kHz SCS with reusing the PUSCH requirement with FDD under aTDW as 2
· For FR1 30kHz SCS:
· 7D1S2U, S=6D:4G:4U
· For FR2 60/120 kHz SCS:
· Option 1: Define new TDD pattern with multiple contiguous UL slots 
· Option 1A: DSUUU
· Option 2: No PUCCH requirement for FR2 60/120 kHz SCS

Transform precoding for BS PUSCH demod requirements with JCE
· Agree to cover CP-OFDM
· FFS on DFT-S-OFDM 

MCS for BS PUSCH demod requirements with JCE
· Option 1: QPSK 1/3 MCS 4
· Option 2: MCS2
· Option 3: Use configuration of existing Rel-16 PUSCH requirements with repetition Type A as the starting point, i.e., QPSK 99/1024 MCS 5 in MCS Table 3
· Option 4: Decide MCS 2 or MCS 4 based on simulation results
· Agreement for the second round
· Use MCS4 as baseline for initial simulation purpose, and interested company can bring results for other options.

Propagation condition for BS PUSCH demod requirements with JCE
· Option 1: TDLB100-400 Low for FR1
· Option 2: TDLA30-10 for FR1 and TDLA30-75 for FR2
· Option 3: TDLA30-300 for FR2
· Option 4: Cover both low and high speed for simulation, and further make down-selection to only use one based on which model provides more performance gain
· Agreement for the second round
· Use higher speed channel model (TDLB100-400 Low for FR1 and TDLA30-300 Low for FR2) for TBoMS requirement, and use lower speed channel model (TDLA30-10 for FR1, FFS for FR2) for PUSCH JCE requirement.

Antenna configuration for BS PUSCH demod requirements with JCE
· Candidate options:
· Cover 1T2R for FR1
· FFS 4Rx and 8Rx for FR1
· FFS on FR2

Frequency range coverage for BS PUSCH demod requirements with JCE
· Cover both FR1 and FR2 if TDD pattern with more than 1 consecutive UL slots is agreed for FR2 

PUSCH mapping type for BS PUSCH demod requirements with JCE
· For FR1:
· Cover PUSCH mapping type A and type B for FR1
· For FR2: 
· Option 1: Consider only Type B
· Agreement for the second round:
· Agree option 1 for FR2

Additional DM-RS position for BS PUSCH demod requirements with JCE
· Option 1: DMRS 1+1 (E///, HW, Intel for FR2)
· Option 2: Decide whether to use 1+0 or 1+1 DMRS symbol based on companies’ simulation results, and select one that achieves larger PUSCH performance gain with JCE compared with PUSCH performance without JCE.
· Agreement for the second round
· Agree option 2 

Phase and power offset modelling for BS PUSCH demod requirements with JCE
· Phase offset model:
· Proposal 1: Model smaller number of phase offset compared to the UE RF requirements in the BS demodulation requirements, and the exact number can be further discussed in the next meeting pending on the inputs from TE side
· Proposal 2: Consider how to take into account the presence of frequency error in the UL signal for BS demodulation, as part of the channel estimation 
· Proposal 3: Use the ideal phase offset to derive requirement and phase offset model will be covered by TE side in the test uncertainty
· Proposal 4: Capture in WF that companies are encouraged to study the phase offset model until the next meeting
· Power offset model
· Do not model the power error when defining BS demod requirement. 

Receiver implementation for BS PUSCH demod requirements with JCE
· Candidate options:
· Option 1: In case big misalignment will be observed for JCE simulations, consider the following reference receiver for definition of minimum requirements: DMRS symbols from previous (if available) and current slots are used for channel estimation on Data REs at current slot.
· Option 2: Up to BS implementation

Test metric for BS PUSCH demod requirements with JCE
· Option 1: Test SNR at which the PUSCH achieves 70% of throughput 
· Option 2: Include SNR point at a certain BLER as a candidate test metric and further decide based on simulation results
· Option 2A: SNR point at 2% BLER
· Option 2B: SNR point at 1% BLER
· Option 3: use both option 1 and 2B for initial simulation purpose, and make decision on the test metric in the next meeting

Other parameters for BS PUSCH demod requirements with JCE
· Candidate options for time domain resource allocation for FR2:
· Option 1: full slot allocation
· Candidate options for additional DM-RS symbols for FR2 
· Option 1: Only one DMRS configuration
· Candidate options for PT-RS configuration for FR2:
· Option 1: Only one PT-RS configuration
· Candidate options for the other parameters for FR1:
· Proposal 1: Use configuration of existing Rel-16 PUSCH requirements with repetition Type A as the starting point
· Proposal 2: Other parameters (DMRS and time domain resource allocation) are same as for Rel-15 PUSCH tests
· Proposal 3:
	Parameter
	Value

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 3, 0, 3 for TDD
0, 0, 0, 0 for FDD

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	Start symbol
	0 

	Resource allocation
	Allocation length
	14

	Code block group based PUSCH transmission
	Disabled


· Proposal 4: Use large TDRA, e.g., 14 slot PUSCH TDRA
· Agreement for the second round
· The parameters in the table of Proposal 3 can be agreed for other parameters for FR1 as a start point except for the RV sequence.
· For the RV sequence for FR1:
· Use [0 3 0 3] for TDD
· FFS based on the agreed aTDW length for FDD 

Collection of simulation results for PUSCH JCE demodulation
· For initial simulation alignment purpose, for the next meeting, encourage companies to provide PUSCH JCE simulation results for MCS 4 with both DMRS 1+0 and 1+1 with different candidate test metrics for 30kHz SCS TDD with ideal phase and power offset with inter-slot frequency hopping disabled with repetition number 2.
PUSCH demodulation requirements for Msg3 repetition
· Not to consider type A PUSCH repetition for Msg 3 with inter-slot frequency hopping requirement
BS demodulation requirement for Redcap UE
· Do not define new BS demodulation requirement for Redcap UE
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