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1. Introduction
In the RAN4 #102-e meeting, the BS PUSCH demodulation requirements for NR coverage enhancements were discussed, and the agreements as well as some initial simulation assumptions were made in the WF in [1].
In this paper, we provide our initial simulation result for TBoMS and PUSCH JCE, and our views on the remain issues are given.
2. Discussion
2.1  PUSCH TB over Multi Slots (TBoMS) test
Physical/available slots for BS requirements for PUSCH TboMS
Status in the WF [1]:
· For FDD:
· Option 1: 4 physical/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: 2 available slots

According to the RAN1 design, TBoMS allows N = 2, 4 or 8 available slots and repetition of M
[bookmark: _Hlk101795432]times is also supported (where M*N not exceed 32). With higher available slot number and with enabling repetition, TBoMS is expected to have better performance. Therefore, we prefer to use 4 physical/available slots for both FDD and TDD TBoMS tests.
Proposal 1: Use 4 physical/available slots for both FDD and TDD TBoMS tests.

PRB number for BS requirements for PUSCH TboMS
Status in the WF [1]:
· 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

[bookmark: _Hlk95752354]It is typical in the coverage limited scenarios that narrow channel bandwidth is used, moreover, we have agreed to use full PRB allocation for PUSCH JCE, therefore, we support to use narrow PUSCH allocation (5PRBs) for TBoMS tests.
Proposal 2: Support to use narrow PUSCH allocation (5PRBs) for TBoMS tests.

TDD UL-DL pattern
Status in the WF [1]:
· 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 
In the last meeting, the TDD pattern for 30kHz SCS is agreed, and whether to cover 15kHz SCS is FFS.
In our understanding, unlike JCE that needs physical consecutive slot, TBoMS can be used for other SCS cases regardless of TDD pattern. In addition, TBoMS with non-consecutive slots will bring time diversity to have better performance without loss of max TP.
[bookmark: _Hlk101797001]Therefore, we support to cover 15kHz, 60kHz and 120kHz SCS for TBoMS tests, and the existing TDD UL-DL pattern, i.e., 3D1S1U, S=10D:2G:2U, can be used as a start point.
As for the applicability rule for different TDD UL-DL patterns, as discussed above, TBoMS can achieve better performance for TDD pattern with non-consecutive slots due to time diversity, and we have also decided to use high speed channel model for TBoMS, so we propose to further decide whether to reuse the existing applicability rule for different TDD UL-DL patterns based on simulation results.
Proposal 3: Cover 15kHz, 60kHz and 120kHz SCS for TBoMS tests, and the existing TDD UL-DL pattern, i.e., 3D1S1U, S=10D:2G:2U, can be used as a start point.
Observation 1: TBoMS can achieve better performance for TDD pattern with non-consecutive slots due to time diversity, and we have also decided to use high speed channel model for TBoMS.
Proposal 4: Further decide whether to reuse the existing applicability rule for different TDD UL-DL patterns based on simulation results.

Transform precoding for BS requirements for PUSCH TboMS
Status in the WF [1]:
· Cover CP-OFDM
· FFS whether DFT-S-OFDM will be considered

[bookmark: _Hlk95752590]DFT-S-OFDM is also usually used in coverage limited scenarios which is also same with the features we are testing in this WI. Therefore, both DFT-S-OFDM and CP-OFDM should be covered.
Proposal 5: Cover both DFT-S-OFDM and CP-OFDM for BS requirements for PUSCH TboMS.

MCS for TBoMS PUSCH demod test
Status in the WF [1]:
· Option 1: MCS4 (QPSK 1/3) in 64QAM MCS table (Table 1)
· Option 2: MCS2 (QPSK 193/1024) in 64QAM MCS table (Table 1) 

We support to use MCS 4 to have higher SNR requirement especially for 8Rx cases.
Proposal 6: Use MCS 4 to have higher SNR requirement especially for 8Rx cases.

Antenna configuration for TBoMS PUSCH demod test
Status in the WF [1]:
· Cover 1T2R for FR1 and FR2
· FFS 4Rx 8Rx for FR1

[bookmark: _Hlk101811657]In our understanding, 4Rx and 8Rx are both typical BS deployments for NR. Especially for coverage limited scenario which is the target scenario of this WI, 4Rx and 8Rx is very likely to be used in addition to TBoMS and/or JCE.
Therefore, we support to also cover 4Rx 8Rx for FR1 TBoMS and PUSCH JCE tests.
Observation 2: 4Rx and 8Rx are both typical BS deployments for NR. Especially for coverage limited scenario which is the target scenario of this WI, 4Rx and 8Rx is very likely to be used in addition to TBoMS and/or JCE.
Proposal 7: Cover 4Rx 8Rx for FR1 TBoMS and PUSCH JCE tests.

Test metric for TBoMS PUSCH demod test
Status in the WF [1]:
· 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

Considering similar SNR requirements can be achieved with option 1 and option 2, based on our simulation results provided in section 3, we are fine with either 2% BLER or 70% max TP for the test metric for TBoMS.
Proposal 8: Fine with either 2% BLER or 70% max TP for the test metric for TBoMS.

2.2  Joint channel estimation (JCE) test
Actual TDW length for JCE in BS PUSCH demod requirements
Status in the WF [1]:
· 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
· 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.

Based on the simulation results provided in section 3, JCE with 2 consecutive slots can achieve performance gain as large as 1.2dB for 2Rx, 1.5dB for 4Rx and 2.3dB for 8Rx, compared with the baseline PUSCH repetition with the same consecutive slot number.
For the purpose of searching lager performance gain for PUSCH JCE, for FDD, we propose to use the largest consecutive slot number agreed in RAN4 RF session, i.e., 16 consecutive slots.
Observation 3: JCE with 2 consecutive slots can achieve performance gain as large as 1.2dB for 2Rx, 1.5dB for 4Rx and 2.3dB for 8Rx, compared with the baseline PUSCH repetition with the same consecutive slot number.
Proposal 9: Use the largest consecutive slot number agreed in RAN4 RF session, i.e., 16 consecutive slots.

Configured TDW number for JCE in BS PUSCH demod requirements
Status in the WF [1]:
· For TDD
· [bookmark: _Hlk101800603]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 number for BS PUSCH demod requirements with JCE
Status in the WF [1]:
· Option 1: the same as aTDW length for JCE
· Option 2: 8 for TDD and 8 for FDD
[bookmark: _Hlk101810588][bookmark: _Hlk101800636]To simplify the test setup, we propose to use cTDW length same as aTDW length and use the same PUSCH repetition number as aTDW length, for both FDD and TDD.
Proposal 10: Use cTDW length same as aTDW length and use the same PUSCH repetition number as aTDW length, for both FDD and TDD.

PRB number for BS PUSCH demod requirements with JCE
[bookmark: _Hlk101810664]Status in the WF [1]:
· Option 1: 4 PRB
· Option 2: Full applicable test bandwidth
· Agreement for the second round
· Use full applicable test bandwidth.
Since we have decided to use full applicable channel bandwidth for PRB allocation for PUSCH JCE test, we propose to define PUSCH JCE test requirements that cover each channel bandwidth which is covered in normal PUSCH demodulation for each SCS.
Proposal 11: Define PUSCH JCE test requirements that cover each channel bandwidth which is covered in normal PUSCH demodulation for each SCS:
· For 15kHz SCS (if introduced): 5MHz, 10MHz, 20MHz 
· For 30kHz SCS: 10MHz, 20MHz, 40MHz, 100MHz
· For 60kHz SCS (if introduced): 50MHz, 100MHz
· For 120kHz SCS (if introduced): 50MHz, 100MHz, 200MHz.

Inter-slot frequency hopping for BS PUSCH demod requirements with JCE
Status in the WF [1]:
· 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

[bookmark: _Hlk101811233][bookmark: _Hlk101811276]Based on Observation 3, reasonable performance gain (larger than 1dB) can be reached for JCE with 2 consecutive slots without inter-slot frequency hopping. For the purpose of verifying the BS joint channel estimation performance, we are fine to disable frequency hopping for PUSCH JCE tests.
Proposal 12: Fine to disable frequency hopping for PUSCH JCE tests.

TDD UL-DL pattern for BS PUSCH demod requirements with JCE
Status in the WF [1]:
· 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

We think it is important to verify PUSCH JCE performance under different SCS conditions. Since we did not have TDD UL-DL patterns with consecutive UL slots in the existing tests, we propose to use DSUUU pattern for 15/60/120 kHz SCS for PUSCH JCE tests.
Proposal 13: Use DSUUU pattern for 15/60/120 kHz SCS for PUSCH JCE tests.

Transform precoding
Status in the WF [1]:
· Cover CP-OFDM
· FFS whether DFT-S-OFDM will be considered
DFT-S-OFDM is also usually used in coverage limited scenarios which is also same with the features we are testing in this WI. Therefore, both DFT-S-OFDM and CP-OFDM should be covered.
Proposal 14: Cover both DFT-S-OFDM and CP-OFDM for BS requirements for PUSCH JCE.

[bookmark: _Hlk101802579]Additional DM-RS position for BS PUSCH demod requirements with JCE
Status in the WF [1]:
· 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 
Based on the simulation results in section 3, PUSCH JCE with DMRS 1+1 can provide larger performance gain compared with DMRS 1+0.
As a result, we propose to use DMRS 1+1 for BS PUSCH demod requirements with JCE.
Observation 4: According to the simulation results, PUSCH JCE with DMRS 1+1 can provide larger performance gain compared with DMRS 1+0.
Proposal 15: Use DMRS 1+1 for BS PUSCH demod requirements with JCE.

Antenna configuration for BS PUSCH demod requirements with JCE
Status in the WF [1]:
· Cover 1T2R for FR1
· FFS 4Rx and 8Rx for FR1
· FFS on FR2
In addition to Observation 2, we have also observed in our simulation results that PUSCH JCE provide larger performance with the increasing of Rx number. Therefore, PUSCH JCE with 4Rx and 8Rx can better verify the BS performance for JCE.
Observation 5: PUSCH JCE provide larger performance with the increasing of Rx number.

Phase offset modelling for BS PUSCH demod requirements with JCE
Status in the WF [1]:
· 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

In the last meeting, we proposed to consider phase offset modeling in the BS demod test to align with the agreements made in the RAN4 RF. Considering that the TE can achieve better performance than the commercial UEs, smaller number of phase offset compared to the UE RF requirements should be model in the BS demodulation requirements, and the exact number will need the inputs from TE side.
Same time, considering the timeline, if we fail to have TE input on the exact phase offset modeling for this meeting, we suggest to use ideal phase modeling for the PUSCH JCE test and companies can consider the phase offset in the impairment results.
Proposal 16: Considering the timeline, if we fail to have TE input on the exact phase offset modeling for this meeting, we suggest to use ideal phase modeling for the PUSCH JCE test and companies can consider the phase offset in the impairment results.

Test metric for BS PUSCH demod requirements with JCE
Status in the WF [1]:
· 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
Based on the simulation results in section 3, we did not observe big difference between different test metrics in terms of absolute SNR value for the PUSCH JCE. In addition, we observe JCE achieves larger performance gain than the baseline when measuring the 70% max TP.
[bookmark: _Hlk101808384]Considering the above, we propose to use SNR at which the PUSCH achieves 70% of throughput as the test metric for PUSCH JCE.
Proposal 17: Use SNR at which the PUSCH achieves 70% of throughput as the test metric for PUSCH JCE.
3. Simulation results for TBoMS and PUSCH JCE
According to the approved WF in [1], companies are encouraged to provide simulation results for TBoMS and PUSCH JCE:
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.
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.
In this section, simulation results for TBoMS and PUSCH JCE are provided in the below tables. Note that the results for baseline solution (PUSCH repetition with same consecutive slot number) is also given to show the performance gain for PUSCH JCE.

Table 1. Alignment simulation results for TBoMS
	MCS
	Antenna configuration
	SNR @ 2% BLER for TBoMS
	SNR @ 70% max TP for TBoMS

	MCS2
	1T2R
	-5.8
	-6.2

	
	1T4R
	-8.9
	-9.5

	
	1T8R
	-12.1
	-11.8

	MCS4
	1T2R
	-4.4
	-4.7

	
	1T4R
	-7.9
	-8

	
	1T8R
	-10.7
	-10.5



Table 2. Alignment simulation results (SNR @ 1% BLER) for PUSCH JCE
	CHBW
	#DMRS
	Antenna configuration
	SNR point for JCE
	SNR point for the baseline
	Performance gain

	10MHz
(24PRB)
	1+0
	1T2R
	-3.3
	-3.3
	0

	
	
	1T4R
	-7.9
	-7.6
	0.3

	
	
	1T8R
	-11.8
	-11
	0.8

	
	1+1
	1T2R
	-3.6
	-3.6
	0

	
	
	1T4R
	-9.1
	-7.8
	1.3

	
	
	1T8R
	-12.8
	-11.4
	1.4

	100MHz
(273PRB)
	1+0
	1T2R
	-5.6
	-5.5
	0.1

	
	
	1T4R
	-9.6
	-8.8
	0.8

	
	
	1T8R
	-12.6
	-11.7
	0.9

	
	1+1
	1T2R
	-6.5
	-5.4
	1.1

	
	
	1T4R
	-10.6
	-8.6
	2

	
	
	1T8R
	-13.7
	-11.4
	2.3



Table 3. Alignment simulation results (SNR @ 70% max TP) for PUSCH JCE
	CHBW
	#DMRS
	Antenna configuration
	SNR point for JCE
	SNR point for the baseline
	Performance gain

	10MHz
(24PRB)
	1+0
	1T2R
	-4
	-3.7
	0.3

	
	
	1T4R
	-8
	-7.2
	0.8

	
	
	1T8R
	-11
	-10.2
	0.8

	
	1+1
	1T2R
	-4.7
	-3.8
	0.9

	
	
	1T4R
	-8.7
	-7.4
	1.3

	
	
	1T8R
	-12
	-10.2
	1.8

	100MHz
(273PRB)
	1+0
	1T2R
	-4.7
	-4.2
	0.5

	
	
	1T4R
	-8.1
	-7.2
	0.9

	
	
	1T8R
	-10.9
	-9.7
	1.2

	
	1+1
	1T2R
	-5.4
	-4.2
	1.2

	
	
	1T4R
	-8.8
	-7.3
	1.5

	
	
	1T8R
	-11.8
	-9.9
	1.9



4. Conclusion
In this paper, China Telecom’s views on the remain issues for PUSCH coverage enhancements are given.
Proposal 1: Use 4 physical/available slots for both FDD and TDD TBoMS tests.
Proposal 2: Support to use narrow PUSCH allocation (5PRBs) for TBoMS tests.
Proposal 3: Cover 15kHz, 60kHz and 120kHz SCS for TBoMS tests, and the existing TDD UL-DL pattern, i.e., 3D1S1U, S=10D:2G:2U, can be used as a start point.
Observation 1: TBoMS can achieve better performance for TDD pattern with non-consecutive slots due to time diversity, and we have also decided to use high speed channel model for TBoMS.
Proposal 4: Further decide whether to reuse the existing applicability rule for different TDD UL-DL patterns based on simulation results.
Proposal 5: Cover both DFT-S-OFDM and CP-OFDM for BS requirements for PUSCH TboMS.
Proposal 6: Use MCS 4 to have higher SNR requirement especially for 8Rx cases.
Observation 2: 4Rx and 8Rx are both typical BS deployments for NR. Especially for coverage limited scenario which is the target scenario of this WI, 4Rx and 8Rx is very likely to be used in addition to TBoMS and/or JCE.
Proposal 7: Cover 4Rx 8Rx for FR1 TBoMS and PUSCH JCE tests.
Proposal 8: Fine with either 2% BLER or 70% max TP for the test metric for TBoMS.
Observation 3: JCE with 2 consecutive slots can achieve performance gain as large as 1.2dB for 2Rx, 1.5dB for 4Rx and 2.3dB for 8Rx, compared with the baseline PUSCH repetition with the same consecutive slot number.
Proposal 9: Use the largest consecutive slot number agreed in RAN4 RF session, i.e., 16 consecutive slots.
Proposal 10: Use cTDW length same as aTDW length and use the same PUSCH repetition number as aTDW length, for both FDD and TDD.
Proposal 11: Define PUSCH JCE test requirements that cover each channel bandwidth which is covered in normal PUSCH demodulation for each SCS:
· For 15kHz SCS (if introduced): 5MHz, 10MHz, 20MHz 
· For 30kHz SCS: 10MHz, 20MHz, 40MHz, 100MHz
· For 60kHz SCS (if introduced): 50MHz, 100MHz
· For 120kHz SCS (if introduced): 50MHz, 100MHz, 200MHz.
Proposal 12: Fine to disable frequency hopping for PUSCH JCE tests.
Proposal 13: Use DSUUU pattern for 15/60/120 kHz SCS for PUSCH JCE tests.
Proposal 14: Cover both DFT-S-OFDM and CP-OFDM for BS requirements for PUSCH JCE.
Observation 4: According to the simulation results, PUSCH JCE with DMRS 1+1 can provide larger performance gain compared with DMRS 1+0.
Proposal 15: Use DMRS 1+1 for BS PUSCH demod requirements with JCE.
Observation 5: PUSCH JCE provide larger performance with the increasing of Rx number.
Proposal 16: Considering the timeline, if we fail to have TE input on the exact phase offset modeling for this meeting, we suggest to use ideal phase modeling for the PUSCH JCE test and companies can consider the phase offset in the impairment results.
Proposal 17: Use SNR at which the PUSCH achieves 70% of throughput as the test metric for PUSCH JCE.
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