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Background
During RAN4#102-e meeting, WF [1] on PUSCH demodulation performance of Rel-17 NR coverage enhancement was approved. In this contribution, we share our views about the BS coverage enhancement PUSCH demodulation requirements.
Discussion
PUSCH TB over Multi Slots (TBoMS)
Physical/available slots for BS requirements for PUSCH TBoMS
	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.



For TDD, we propose to only consider consecutive slot configuration to reduce BS implementation complexity. For default “7D1S2U” TDD pattern, 2 consecutive slots are a reasonable value. For FDD, considering that all slots are uplink slots, larger number of consecutive slots can be considered for BS requirements for PUSCH TBoMS, such as 4 or 8.
For TDD, select 2 consecutive slots for BS requirements for PUSCH TBoMS.
For FDD, select 4 or 8 consecutive slots for BS requirements for PUSCH TBoMS.
PRB number for BS requirements for PUSCH 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



Considering that coverage enhancement is mainly target for cell edge user, smaller number of RBs can be considered as typical configuration. From our understanding, 5 PRB is acceptable for BS requirements for PUSCH TBoMS.
Select 5 PRB for BS PUSCH demod requirements with JCE.
TDD UL-DL pattern 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 



From BS side, there is only “DDDSU” pattern selected for BS demodulation testing other than 30kHz SCS. We think this TDD UL-DL pattern can be considered as typical pattern for SCS other than 30kHz SCS and the others can be only used in very limited scenarios. So we propose to only consider 30kHz for TDD with 7D1S2U pattern and FR2 should not be considered.
Only consider 30kHz for TDD with 7D1S2U pattern and FR2 should not be considered.
Transform precoding for BS requirements for PUSCH TBoMS
	Transform precoding for BS requirements for PUSCH TBoMS
· Cover CP-OFDM
· FFS whether DFT-S-OFDM will be considered



From our understanding, we should focus on PUSCH TBoMS feature for the testing and select only one certain typical transform precoding configuration, such as CP-OFDM like other WIs did. We don’t think there is necessity to cover both DFT-S-OFDM and CP-OFDM for PUSCH TBoMS since the performance for different transform precoding configuration has been verified by the existing BS performance requirements.
Select CP-OFDM only as transform precoding configuration for BS requirements for PUSCH TBoMS.
Test requirement for FR1 and FR2 on PUSCH for TBoMS transmission
	[bookmark: _Hlk101203283]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.



As discussed in sub-clause 2.1.2, 5 PRB can be considered for BS PUSCH demod requirements with JCE. If the existing test applicability rule for different channel bandwidths defined in 8.1.2.1.2 in 38.141-1 for FR1 is reused, 5PRB centered in BS widest supported channel bandwidth should be tested. We don’t see it big issue to reuse this test applicability rule.
Reuse the existing test applicability rule for different channel bandwidths defined in 8.1.2.1.2 in 38.141-1 for FR1.
1.1.1 MCS for TBoMS PUSCH demod test
	[bookmark: _Hlk101203316]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) 



As per our contribution [2], both MCS4 and MCS2 is feasible. We slightly prefer MCS2 to align with the Rel-15 legacy BS requirements.
Select MCS2 for TBoMS PUSCH demod test.
1.1.2 Test metric for TBoMS PUSCH demod test
	[bookmark: _Hlk101203347]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 



The aim of this WI is to improve user experience in scenarios such as eMBB or VoIP, so we don’t think 2% BLER high-reliability-demand of test metric is needed. We prefer to select 70% of maximum throughput as test metric that is reused from Rel-15 legacy BS requirements.
Select 70% of maximum throughput as test metric for TBoMS PUSCH demod test.
Other parameters for BS requirements for PUSCH TBoMS
	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.




If FR2 requirements are agreed to be defined, for the PTRS configuration, consider the modulation order is low, there is no necessity to configure PTRS since there is negligible phase noise impact on performance. For the DMRS configuration, we prefer to select only DMRS 1+1 that is more typical in the real network, and also reduce the simulation effort.
For FR2, consider PTRS not configured and DMRS 1+1 only for TBoMS PUSCH demod test.
PUSCH demodulation with Joint Channel Estimation (JCE)
Actual TDW length for JCE in BS PUSCH demod requirements
	[bookmark: _Hlk101203543]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.



As per our contribution[2], the performance gain is increased when the actual TDW length increased. For FDD, to observe enough performance gain at the same time to consider BS implementation complexity and test effort, we propose to consider 8 consecutive slots for JCE in BS PUSCH demod requirements.
For FDD, select 8 consecutive slots for JCE in BS PUSCH demod requirements.
Configured TDW number for JCE in BS PUSCH demod requirements
	[bookmark: _Hlk101203570]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.



From our understanding, there is no algorithm difference for BS demodulation for two actual TDWs separated by an event in a configured TDW. It is enough to verify BS implementation by configuring TDW in which there is no any event occurs that violates power consistency and phase continuity to make test setup simpler. So we propose to select configured TDW length same as actual TDW length for BS PUSCH demod with JCE.
Select configured TDW length same as actual TDW length for BS PUSCH demod with JCE.
PUSCH repetition number for BS PUSCH demod requirements with JCE
	[bookmark: _Hlk101203607]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



From our understanding, there is no algorithm difference for BS demodulation for two actual TDWs separated by an event in a configured TDW. It is enough to verify BS implementation by configuring TDW in which there is no any event occurs that violates power consistency and phase continuity to make test setup simpler. So we propose to select PUSCH repetition number same as actual TDW length for BS PUSCH demod with JCE.
Select PUSCH repetition number same as actual TDW length for BS PUSCH demod with JCE.
Inter-slot frequency hopping for BS PUSCH demod requirements with JCE
	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



From our understanding, there is no algorithm difference for BS demodulation for two actual TDWs separated by an event in a configured TDW. It is enough to verify BS implementation by configuring TDW in which there is no any event occurs that violates power consistency and phase continuity to make test setup simpler. So we propose to not consider inter-slot frequency hopping for BS PUSCH demod requirements with JCE.
Do not consider inter-slot frequency hopping for BS PUSCH demod requirements with JCE.
TDD UL-DL pattern for BS PUSCH demod requirements with JCE
	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
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 



From legacy BS requirements, there is only “DDDSU” pattern selected for BS demodulation testing other than 30kHz SCS. We think this TDD UL-DL pattern can be considered as typical pattern for SCS other than 30kHz SCS and the others can be only used in very limited scenarios. So we propose to only consider 30kHz for TDD with 7D1S2U pattern and FR2 should not be considered.
Only consider 30kHz for TDD with 7D1S2U pattern and FR2 should not be considered.
Transform precoding for BS PUSCH demod requirements with JCE
	Transform precoding for BS PUSCH demod requirements with JCE
· Agree to cover CP-OFDM
· FFS on DFT-S-OFDM 



From our understanding, we should focus on PUSCH JCE feature for the testing and select only one certain typical transform precoding configuration, such as CP-OFDM like other WIs did. We don’t think there is necessity to cover both DFT-S-OFDM and CP-OFDM for PUSCH JCE since the performance for different transform precoding configuration has been verified by the existing BS performance requirements.
Select CP-OFDM only as transform precoding configuration for BS PUSCH demod requirements with JCE.
1.1.3 Antenna configuration for BS PUSCH demod requirements with JCE
	[bookmark: _Hlk101203699]Antenna configuration for BS PUSCH demod requirements with JCE
· Candidate options:
· Cover 1T2R for FR1
· FFS 4Rx and 8Rx for FR1
· FFS on FR2



From both test effort and simulation effort point of view, it is enough to only consider 1T2R. We don’t think it is necessary to define other antenna configuration for BS PUSCH demod requirements with JCE.
Only consider 1T2R for BS PUSCH demod requirements with JCE.
1.1.4 Additional DM-RS position for BS PUSCH demod requirements with JCE
	[bookmark: _Hlk101203795]Additional DM-RS position for BS PUSCH demod requirements with JCE
· Option 1: DMRS 1+1
· 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 



As per our evaluation results [2], there is non-obvious performance gain (<1dB) for both DMRS1+0 and DMRS1+1 for PUSCH JCE, especially in TDD scenario. To observe obvious performance gain, further investigation is needed to find the typical and proper configuration to verify BS PUSCH demod performance with JCE.
Further investigation is needed to find the typical and proper configuration to verify BS PUSCH demod performance with JCE.
1.1.5 Receiver implementation for BS PUSCH demod requirements with JCE
	[bookmark: _Hlk101203829]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



If the simulation results are not aligned well in this meeting, we can further discuss the detailed simulation assumption about the receiver implementation. But for now, we think it is too early to discuss this issue.
Further discuss the detailed simulation assumption about the receiver implementation if the simulation results are not aligned well in this meeting.
1.1.6 Test metric for BS PUSCH demod requirements with JCE
	[bookmark: _Hlk101203849]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



The aim of this WI is to improve user experience in scenarios such as eMBB or VoIP, so we don’t think 1% or 2% BLER high-reliability-demand of test metric is needed. We prefer to select 70% of maximum throughput as test metric that is reused from Rel-15 legacy BS requirements.
Select 70% of maximum throughput as test metric for BS PUSCH demod requirements with JCE.
Other parameters for BS PUSCH demod requirements with JCE
	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 



If FR2 requirements are agreed to be defined, for the PTRS configuration, consider the modulation order is low, there is no necessity to configure PTRS since there is negligible phase noise impact on performance. For the DMRS configuration, we prefer to select only DMRS 1+1 that is more typical in the real network, and also reduce the simulation effort.
For FR2, consider PTRS not configured and DMRS 1+1 only for PUSCH JCE demod test.
Proposals
In this contribution, we discuss on BS PUSCH demodulation requirements for coverage enhancement. Our observations and proposals are:
1. For TDD, select 2 consecutive slots for BS requirements for PUSCH TBoMS.
For FDD, select 4 or 8 consecutive slots for BS requirements for PUSCH TBoMS.
Select 5 PRB for BS PUSCH demod requirements with JCE.
Only consider 30kHz for TDD with 7D1S2U pattern and FR2 should not be considered.
Select CP-OFDM only as transform precoding configuration for BS requirements for PUSCH TBoMS.
Reuse the existing test applicability rule for different channel bandwidths defined in 8.1.2.1.2 in 38.141-1 for FR1.
Select MCS2 for TBoMS PUSCH demod test.
Select 70% of maximum throughput as test metric for TBoMS PUSCH demod test.
For FR2, consider PTRS not configured and DMRS 1+1 only for TBoMS PUSCH demod test.
For FDD, select 8 consecutive slots for JCE in BS PUSCH demod requirements.
Select configured TDW length same as actual TDW length for BS PUSCH demod with JCE.
Select PUSCH repetition number same as actual TDW length for BS PUSCH demod with JCE.
Do not consider inter-slot frequency hopping for BS PUSCH demod requirements with JCE.
Only consider 30kHz for TDD with 7D1S2U pattern and FR2 should not be considered.
Select CP-OFDM only as transform precoding configuration for BS PUSCH demod requirements with JCE.
Only consider 1T2R for BS PUSCH demod requirements with JCE.
Further investigation is needed to find the typical and proper configuration to verify BS PUSCH demod performance with JCE.
Further discuss the detailed simulation assumption about the receiver implementation if the simulation results are not aligned well in this meeting.
Select 70% of maximum throughput as test metric for BS PUSCH demod requirements with JCE.
For FR2, consider PTRS not configured and DMRS 1+1 only for PUSCH JCE demod test.
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