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1	Introduction
In the previous RAN4 meeting, it was agreed to introduce PUSCH demodulation requirement with TBoMS and JCE. The detail simulation assumptions for each requirement were discussed to facilitate the requirement definition. The related agreement was captured into the WF [1] as
In this contribution, the view on the remaining issue of test setup of PUSCH requirement for Rel-17 coverage enhancement was provided.
2	PUSCH enhancements
In this section, the potential performance requirement impacts for sub-objective of coverage enhancement are analyzed. 
2.1 TB processing over multi-slot PUSCH
In the last meeting. RAN4 agreed to introduce PUSCH requirement with TB processing over multi-slot PUSCH. The detail test parameters for requirement setup are further discussed.
Physical/available slot for PUSCH TBoMS 
The following is the agreement in the last meeting
	· For FDD
· Option 1: 4 physical/available slots
· Option 2: 8 available slots
· Option 3: 2 available slots
· For TDD
· Cover 2 available slots, FFS whether also cover 4 available slots



For TBoMS transmission, there is no constraint that the number of slots should be allocated continuously. 2 available slots with continuously should be available for most of TDD pattern. Regarding 4 available slots, the processing delay will be increased. Therefore, considering the test effort and test coverage, we prefer to only cover 2 available slots for TDD, and select 4 slots for FDD, to verify the requirement of TBoMS with lager number of slots.
Proposal 1: RAN4 applies 4 available slots in FDD and 2 available slots in TDD for PUSCH requirements with TBoMS
PRB for PUSCH TBoMS
The following is the agreement in the last meeting
	· Option 1: Narrow PUSCH allocation
· Option 1A: 5PRB
· Option 2: Full applicable test bandwidth
· 15KHz SCS: 25RBs for all channel bandwidths
· 30KHz SCS: 24RBs for all channel bandwidths
· 60KHz and 120KHz SCS: 32RBs for all channel bandwidth



From the baseband processing of TBoMS, there should be no different foreseen. Since the motivation of TBoMS feature is to improve the cell edge UE performance with reducing the coding rate, it should be more typical to apply narrow PUSCH allocation for PUSCH with TBoMS. Therefore, we would like to prefer narrow PUSCH allocation for requirements.
Proposal 2: RAN4 applies narrow PUSCH allocation as 5PRB for PUSCH requirements with TBoMS. 
TDD UL-DL pattern for PUSCH TBoMS
The following is the agreement in the last meeting
	· For FR1 15KHz SCS
· Option 1: 3D1S1U, S=10D:2G:2U
· Option 2: No PUSCH requirement with TBoMS for TDD UL-DL pattern as 3D1S1U in 15KHz 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



For TBoMS transmission, there is no constraint that number of slots should be allocated continuously. With 15KHz SCS TDD pattern as DDDSU, the processing delay will be increasing if configured large number of slots.  Based on existing TDD pattern, with preferred 2 available slots, the processing delay will be up to 5 slots. Therefore, we prefer to not define PUSCH with TBoMS transmission with TDD pattern as DDDSU in 15 KHz. If the requirement of 15kHz is needed, new TDD pattern should be considered.
For 60KHz and 120KHz, the 7D1S2U TDD patten can be considered with 2 continuous slots.
Proposal 3: RAN4 applies the following TDD UL-DL pattern for PUSCH requirement with TBoMS for 30KHz SCS.
· For 15KHz SCS
· No PUSCH requirement with TBoMS for TDD UL-DL pattern as 3D1S1U in 15KHz SCS
· If needed, use TDD UL-DL pattern as 7D1S2U in 15KHz SCS
· For 60KHz SCS
· 7D1S2U, S=6D:4G:4U
· For 120KHz SCS
· 7D1S2U, S=6D:4G:4U


Transform precoding for PUSCH TBoMS
The following is the agreement in the last meeting
	· Cover CP-OFDM
· FFS whether DFT-s-OFDM will be considered


Regarding the waveform, there is no difference processing foresee for CP-OFDM and DFT-s-OFDM in terms of TBoMS feature. Therefore, from TBoMS functionality verification perspective, we think selecting one of waveform for requirement can fulfill the test purpose. Considering different mapping type requirement will be covered, to reduce the test effort, similar with Rel-16 other features, CP-OFDM waveform can be considered for PUSCH requirement with TBoMS.
Proposal 4: RAN4 applies CP-OFDM waveform for PUSCH requirements with TBoMS.
MCS for TBoMS
The following is the agreement in the last meeting
	· Option 1: MCS 4 (QPSK 1/3) in 64QAM MCS table (Table 1)
· Option 2: MSC 2 (QPSK 193/1024) in 64QAM MCS table (Table 1)



Regarding MCS, MCS2 is applied for legacy Rel-15 BS requirement, MCS4 is applied for Rel-16 URLLC for repetition type A.  With TB processing over multi-slot, then effective coding rate is very low. With low MCS, the effective coding rate is even small, since the motivation of introducing TBoMS is not targeting ultra-high reliability scenario, we prefer to apply MCS 4 for starting point. Meanwhile, we are open to further discuss if companies have strong preference with MCS 2.
Proposal 5: RAN4 applies MCS 4 for PUSCH requirements with TBoMS
Antenna configuration for TBoMS PUSH demod test
The following is the agreement in the last meeting
	· Cover 1T2R for FR1 and FR2
· FFS on 4Rx and 8Rx for FR1



Regarding the antenna configuration, from functionality test perspective, we think 1T2R should be enough. Meanwhile, different mapping type are considered for requirement.
Therefore, to reduce the test effort and simulation effort, we prefer to consider only 2Rx for PUSCH requirement with TBoMS feature.
Proposal 6: RAN4 applies 2 Rx antenna configuration for PUSCH requirement with TBoMS
Test metric for PUSCH TBoMS
The following is the agreement in the last meeting
	· Option 1: Test SNR at which the PUSCH achieves 70% of throughput
· Option 2: Include SNR point at 2% BLER as candidate test metric and further decide based on simulation results



Regarding the test metric, the SNR for 1% BLER and 70% TP are applied in Rel-16 BS demodulation to differentiate the different test purpose. For TBoMS feature, the motivation is not to achieve high reliable probability. Therefore, the SNR at 70% TP should be feasible for the test metric. As for BLER metric, retransmission is considered for the simulation assumption, therefore, if need to apply BLER as test metric, the BLER of 1st transmission can be considered.
Proposal 7: RAN4 applies the test metric of   SNR@ 70% of Throughput for PUSCH requirements with TBoMS. If BLER as test metric is applied, the BLER of 1st transmission can be considered.
Oher parameters 
The following is the agreement in the last meeting
	· 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 PT-RS configuration 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 configured PT-RS



As for DM-RS configuration, both 1+0 and 1+1 configurations are considered. Similar Rel-16 FR2 BS demod requirement, we would like to select only 1+1 DMRS configurations for requirement.
As for PT-RS configuration, considering the selected MCS is low with QPSK, where the performance is less sensitive with phase noise.  Therefore, there is not need to configure PT-RS.
Proposal 8: RAN4 applies only one DMRS configuration for PUSCH requirement with TBoMS, and without PT-RS configuration.
2.2 PUSCH with Joint Channel Estimation 
During the last meeting, the initial test setup for PUSCH with JCE are under discussion with following 
Slot number for JCE
The following is the agreement in the last meeting
	· 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
· Other options are not precluded
· Note: slot number refers to the actual TDW number



As per RAN1 agreement, joint channel estimation over PUSCH transmission across non-consecutive slots is not supported in Rel-17. For TDD with 30KHz SCS, existing TDD pattern is 7D1S2U, only 2 consecutive slot is available. Meanwhile, in Rel-16, RAN4 has defined PUSCH requirement with 2 slot repetitions without Joint channel estimation. For comparation, we prefer to apply 2 slots in TDD and FDD for requirement with Joint channel estimation. 4 slots for FDD can also be applied, if companies have strong concerns large number of slots needed for FDD.
Proposal 9: RAN4 applied 2 slots in TDD and FDD for PUSCH requirement with Joint channel estimation
Configured TDW (cTDW) length for JCE
The following is the agreement in the last meeting
	· 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
· Note: slot number refers to the actual TDW number



As the configured TDW, it is determined by the gNB. Since across non-consecutive slots is not supported for PUSCH with JCE in Rel-17, we prefer to apply the cTDW length is configured same as the actual TDW length. 
Proposal 10: RAN4 applied the cTDW length same as the aTDW length as 2 for requirement with JCE
PUSCH repetition number 
The following is the agreement in the last meeting
	· Option 1: the same as aTDW length for JCE
· Option 2: 8 for TDD and 8 for FDD



The motivation of introducing JCE in RAN1 is to improve channel estimation accuracy performance. With configuring large number of repetitions, the performance can be improved due to multiple subframe combination. Compared with the gain coming from subframe combination, the gain of JCE is minor. Meanwhile, for TDD structure, the number of continuous UL is less. With large number of repetitions in TDD, the baseband process time will be increased. 
In Rel-16, 2 slot repetition are considered for PUSCH requirement for JCE, for comparison the benefit for JCE, we prefer to apply the same number of repetitions as 2, as the aTDW length for JCE. 
Proposal 11: RAN4 applied the PUSCH repetition number same as aTDW length for JCE, 2 for both TDD	 and FDD.
Inter-slot frequency 
The following is the agreement in the last meeting
	· 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



With inter-slot frequency hopping, the power consistency and phase continuously will be impacted. It is not feasible to apply DMRS bundling for joint channel estimation with small number of slots. Therefore, we prefer to disable inter-slot frequency hopping for PUSCH with JCE.
Proposal 12: Disable the inter-slot frequency hopping for both TDD and FDD 
TDD UL-DL pattern
The following is the agreement in the last meeting
	· For FR1 15KHz
· Option 1: Define new TDD pattern with multiple contiguous UL slots
· Option 1A: DSUUU
· Option 2: No PUSCH 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
· 7D1S2U, S=6D:4G:4U
· For FR2 60/120KHz
· Option 1: Define new TDD pattern with multiple contiguous UL slots
· Option 1A: DSUUU
· Option 2: No PUSCH requirement for FR2 60/120 kHz SCS



Based on existing TDD pattern for 15KHz in FR1 and 60KHz/120KHz in FR2, only 1 UL slot is available. From the JCE functionality verification perspective, since the baseband processing can be verified in 30KHz SCS, to reduce the test effort, we prefer to not define requirement with 15KHz SCS for TDD and 60KHz and 120KHz.  We are open to further discuss, if the requirement of PUSCH with JCE for other SCSs is needed, it is necessary to define new TDD pattern. We are fine with the TDD pattern as DSUUU.
Proposal 13: No PUSCH requirement for JCE in TDD with 15KHz /60KHz/120KHz SCS. If needed, TDD pattern as DSUUU can be considered.
Waveform
The following is the agreement in the last meeting
	· Cover CP-OFDM
· FFS on DFT-s-OFDM
· 



From DMRS bundling with JCE functionality verification perspective, we think selecting one of waveform for requirement can fulfill the test purpose. Similar as Rel-16 WIs, CP-OFDM waveform can be considered for PUSCH requirement with JCE.
Proposal 14： RAN4 applies only CP-OFDM waveform for PUSCH requirement with JCE.
Antenna configuration
The following is the agreement in the last meeting
	· Cover 1T2R for FR1
· FFS 4Rx and 8Rx for FR1
· FFS on FR2



Regarding the antenna configuration, there is no difference processing foreseen with different antenna combination for JCE. The motivation of introducing JCE in RAN1 is to improve channel estimation accuracy performance. Therefore, from DMRS bundling with JCE functionality verification perspective, the basic antenna configuration can fulfill the test purpose. With more antenna, performance can be improved with antenna combining operation. Comparing with the gain of antenna combination, the gain coming from JCE is limited, which will result in that it is difficult to verify the JCE implementation. 
Therefore, we prefer to only select 1T2R for PUSCH requirement with JCE in both FR1 and FR2, similar with Rel-16 PUSCH URLLC requirement with slot repetition.
Proposal 15: Only 2 Rx antenna combination is selected for PUSCH requirement with JCE.
Test metric for BS PUCCH demod requirement 
The following is the agreement in the last meeting
	· 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



Regarding the test metric, the SNR at both 70% of TP and 1%of BLER are considered in Rel-15 and Rel-16. Since the targeting of JCE is not for high reliability, the existing test metric with SNR@70%TP can be reused. We are open to further discuss whether using 1% of BLER for test metric is necessary. Meanwhile, re-transmission is considered. Therefore, if need to apply BLER for test metric, the BLER with 1st transmission can be considered, or apply the same BLER metric definition as defined in Rel-16 URLLC WI.
Proposal 16: RAN4 applies the test metric with SNR at 70% of TP for PUSCH requirement with JCE. If BLER is selected, 1% of BLER for the 1st transmission can be considered or apply the same BLER metric definition defined in Rel-16 URLLC WI.
Other parameters for BS PUSCH demod requirements with JCE
considering the selected MCS is low with QPSK, where the performance is less sensitive with phase noise.  Therefore, there is no need to configure PT-RS.
Proposal 17: PT-RS is not configured for PUSCH requirement with JCE in FR2
3	Conclusion
In this contribution, the overview impact on PUSCH performance requirement for Rel-17 coverage enhancement WI was provided.
Proposal 1: RAN4 applies 4 available slots in FDD and 2 available slots in TDD for PUSCH requirements with TBoMS
Proposal 2: RAN4 applies narrow PUSCH allocation as 5PRB for PUSCH requirements with TBoMS. 
Proposal 3: RAN4 applies the following TDD UL-DL pattern for PUSCH requirement with TBoMS for 30KHz SCS.
· For 15KHz SCS
· No PUSCH requirement with TBoMS for TDD UL-DL pattern as 3D1S1U in 15KHz SCS
· If needed, use TDD UL-DL pattern as 7D1S2U in 15KHz SCS
· For 60KHz SCS
· 7D1S2U, S=6D:4G:4U
· For 120KHz SCS
· 7D1S2U, S=6D:4G:4U

Proposal 4: RAN4 applies CP-OFDM waveform for PUSCH requirements with TBoMS.
Proposal 5: RAN4 applies MCS 4 for PUSCH requirements with TBoMS
Proposal 6: RAN4 applies 2 Rx antenna configuration for PUSCH requirement with TBoMS
Proposal 7: RAN4 applies the test metric of   SNR@ 70% of Throughput for PUSCH requirements with TBoMS. If BLER as test metric is applied, the BLER of 1st transmission can be considered.
Proposal 8: RAN4 applies only one DMRS configuration for PUSCH requirement with TBoMS, and without PT-RS configuration.
Proposal 9: RAN4 applied 2 slots in TDD and FDD for PUSCH requirement with Joint channel estimation
Proposal 10: RAN4 applied the cTDW length same as the aTDW length as 2 for requirement with JCE
Proposal 11: RAN4 applied the PUSCH repetition number same as aTDW length for JCE, 2 for both TDD	 and FDD.
Proposal 12: Disable the inter-slot frequency hopping for both TDD and FDD 
Proposal 13: No PUSCH requirement for JCE in TDD with 15KHz /60KHz/120KHz SCS. If needed, TDD pattern as DSUUU can be considered.
Proposal 14： RAN4 applies only CP-OFDM waveform for PUSCH requirement with JCE.
Proposal 15: Only 2 Rx antenna combination is selected for PUSCH requirement with JCE.
Proposal 16: RAN4 applies the test metric with SNR at 70% of TP for PUSCH requirement with JCE. If BLER is selected, 1% of BLER for the 1st transmission can be considered or apply the same BLER metric definition defined in Rel-16 URLLC WI.
Proposal 17: PT-RS is not configured for PUSCH requirement with JCE in FR2
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