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1	Introduction
In the last RAN4 meeting, the performance part of Rel-17 coverage enhancement was discussed based on the WID. The related agreement was captured in the WF [2].
In this contribution, view on the test scope of PUSCH 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 Enhancements on PUSCH repetition type A
This objective is to investigate the method for increasing the maximum number of repetitions up to a number, where the number of repetition counted on the basis of available UL slots and flexible symbol resource allocation in different slots.
The following is the latest RAN1 agreement related the number of repetition.
	Agreement
· All the following combinations support the counting based on available slots.
· DG-PUSCH with Rel-15 repetition factor
· Type-1 CG-PUSCH with Rel-15 repetition factor
· Type-2 CG-PUSCH with Rel-15 repetition factor
· DG-PUSCH with Rel-16 repetition factor
· Type-2 CG-PUSCH with Rel-16 repetition factor
· DG-PUSCH with Rel-17 repetition factor
· Type-1 CG-PUSCH with Rel-17 repetition factor, if supported in Issue#1-1
· Type-2 CG-PUSCH with Rel-17 repetition factor
Agreement
· For repK-r17,
· The value range of repK-17 is {1, 2, 4, 8, 12, 16, 24, 32}.
· repK-r17 is included in ConfiguredGrantConfig.
· When repK-r17 is provided, the legacy repK is not provided.



In Rel-15, based on RAN1 design, the number of repetitions can be supported if UE is configured with pusch-AggregationFactor as follows, where the supported aggregation factor is {2, 4, 8}
pusch-AggregationFactor                 ENUMERATED { n2, n4, n8 }                                           OPTIONAL,   -- Need S
    mcs-Table                               ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S
    mcs-TableTransformPrecoder              ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S

In Rel-16, the number of repetitions can be supported up to 16 for both repetition type A and B with PUSCH-Allocation-r16 as follows
PUSCH-Allocation-r16 ::=  SEQUENCE {
    mappingType-r16                           ENUMERATED {typeA, typeB}                     OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    startSymbolAndLength-r16                  INTEGER (0..127)                              OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    startSymbol-r16                           INTEGER (0..13)                               OPTIONAL,   -- Cond RepTypeB
    length-r16                                INTEGER (1..14)                               OPTIONAL,   -- Cond RepTypeB
    numberOfRepetitions-r16                   ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16} OPTIONAL,   -- Cond Format01-02
    ...
}

Observation 1: Compared with Rel-15/16, the range of slot repetition can be up to 32 from 16
In Rel-16 URLLC WI, to verify the baseband processing with multi-slot combination, RAN4 has specified the PUSCH repetition type A requirement for both FDD and TDD targeting FR1 and FR2, where the number of repetition is configured 2 or 8 pending on TDD pattern, although the number of repetition can be up to 16. There is no PUSCH requirement with 16 repetition in Rel-16.
Observation 2: PUSCH slot repetition requirements have been verified in RAN4 for both FR1 and FR2. No PUSCH requirement with 16 repetition.
From the baseband processing perspective, existing Rel-16 test case can fulfill the verification of multi-slot combination functionality. Increasing the number of repetition, there is no impact on the BS implementation with different repetition configuration. Therefore, there is no necessary to specify PUSCH repetition type A with additional number repetition, such as 16, or 32.
Propose 1: No BS demodulation requirements for PUSCH repetition type A with 32 repetitions.
 
2.2 TB processing over multi-slot PUSCH
This objective is to investigate the mechanism to support TB processing over multi-slot PUSCH, including TBS determined based on single slot and transmitted in parts over multiple slots, TBS determined based on multiple slots and transmitted over multiple slots.
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
· Option 1:  4available slots
· Option 3: 2 available slots



Propose 2: RAN4 applies 4 available slots in FDD and 2 available slots in TDD for PUSCH requirements with TBoMS
Repetition number for PUSCH TBoMS
The following is the agreement in the last meeting
	· Option 1: 4
· Option 2: Not to consider repetition for TBoMS
· Option 3: FFS after available slot number is agreed



Regarding the number of repetition, the following value can be supported based on RAN1 agreement.
	Agreement
The following values are supported in Rel-17 for the number M of repetitions of the single TBoMS:
· [image: ]
FFS: further constraints on N*M, e.g., N*M is a valid value according to agreements in AI 8.8.1.1



The test purpose is to verify the baseband processing for TB over multi-slot PUSCH. Since the BS receiver with slot repetition where TBS determined based on single slot can be verified based on existing requirement specified in Rel-16 ULRRC WI. The slot combination implementation should be the same for TB on single slot or TB over multi-slots. Therefore, we prefer to not include the slot repetition into the PUSCH requirement with TBoMS.
Propose 3: RAN4 do not apply repetition 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: Single PRB PUSCH allocation
· Option 1B: Non-single PRB allocation,, i.e., 5 or 10 PRB
· Option 2: Full applicable test bandwidth
· Option 3: FFS pending whether frequency hopping should be enabled 



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. As single PRB PUSCH allocation or non-single PRB allocation, we are open to further discussion.  With single PRB, if multiple slots is configured, the effective coding rate will be very low, which can be comparable with NB-IoT. 
Propose 4: RAN4 applies narrow PUSCH allocation for PUSCH requirements with TBoMS. 
TDD UL-DL pattern for PUSCH TBoMS
The following is the agreement in the last meeting
	· 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
· For 15KHz SCS
· FFS whether 15KHz SCS will be included



As our preferred, 2 available slots is for PUSCH with TBoMS transmission in TDD. We are fine to apply the TDD UL-DL pattern as 7D1S2U with 30KHz SCS for starting point. 
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 slot.  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. 
Meanwhile, from BS baseband processing and performance perspective, there is no difference foreseen compared with FDD. The PUSCH requirement with TBoMS in FDD with 2 available slots can be applied for TDD with 2 available slots
Propose 5: RAN4 applies the following TDD UL-DL pattern for PUSCH requirement with TBoMS for 30KHz SCS.
· For 30KHz SCS
· 7D1S2U, S=6D:4G:4U as starting point
· Reuse the existing applicability rule for test requirement for different TDD UL-DL patterns
No PUCCH requirement with TBoMS for TDD UL-DL pattern as 3D1SU in 15 KHz SCS. If needed, the PUSCH requirement with TBoMS for TDD with 2 available slots can be applied for FDD with 2 available slots 
Transform precoding for PUSCH TBoMS
The following is the agreement in the last meeting
	· Option 1: Enabled 
· Option 2: Disabled 
· Option 3: FFS



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. Similar as Rel-16 WIs, CP-OFDM waveform can be considered for PUSCH requirement with TBoMS transmission.
Propose 6: RAN4 applies CP-OFDM waveform for PUSCH requirements with TBoMS
UCI multiplexing on PUSCH for PUSCH TBoMS
The following is the agreement in the last meeting
	· Option 1: Test PUSCH demodulation with UCI multiplexing for TBoMS transmission 
· Option 2: Not to test PUSCH demodulation with UCI multiplexing for TBoMS transmission
· Option 3: FFS



Excepting for PUSCH, UCI multiplexing is also applied for TB over multi-slot transmission. 
	
Agreement
For UCI multiplexing on an available slot for TBoMS, the following are supported in Rel-17 for calculating [image: ], [image: ], [image: ],  and [image: ]:
· [image: ]  is the number of symbols in an available slot for TBoMS in which UCI is multiplexed.
· The CB size is scaled by [image: ], where N is the number of slots allocated for TBoMS, i.e., [image: ] becomes [image: ].
Note: It is up to the Editor to decide how to capture the scaling in the specification.



Although CB size is scaled with the number of slots, there is no change for UCI mapping rule. From multiple slots processing perspective, there is no different for PUSCH and UCI multiplexing on PUSCH. Since RAN4 has already agreed to introduce the PUSCH requirement with TBoMS. To reduce the test complexity, we prefer not to test PUSCH demodulation with UCI multiplexing for TBoMS transmission 
Propose 7: RAN4 not to test PUSCH demodulation with UCI multiplexing for TBoMS transmission

Other parameters for PUSCH TBoMS
The following is the agreement in the last meeting
	· Cover both FR1 and FR2
· For MCS
· Option 1: QPSK 1/3 MCS4
· Option 2: MCS2
· For RV sequence for HARQ transmission
· Option 1: [0 2 3 1]
· Option 2: [0 3 0 3] in case two repetitions will be considered 
· Other options are not precluded pending on repetition number 
· For PUSCH mapping type 
· Option 1: Cover PUSCH mapping type A and type B
· Option 2: Other options are not precluded



Regarding the target frequency range, there is not limitation for FR1 and FR2.  We are fine to define PUSCH requirement with TBoMS transmission. To reduce the test effort, the existing test applicability rule can be applied.
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. Since the targeting of TBoMS is not for ultra-high reliability, we prefer to apply MCS 4 for starting point.
Regarding the RV sequence for HARQ transmission, as agreed in RAN1
	Agreement
For the repetition of a single TBoMS transmission, redundancy versions (RVs) are cycled across the TBoMS repetitions. The legacy Rel-15/16 RV sequences and RV index indication are reuse



We prefer to only define PUSCH requirement with TBoMS transmission without repetition, the legacy RV sequence with [0 2 3 1] can be reused as starting point.
Propose 8: RAN4 applies the following parameters for PUSCH with TBoMS transmission
· Cover both FR1 and FR2, with test applicability rule 
· For MCS: QPSK 1/3 MCS4
· For RV sequence for HARQ transmission: [0 2 3 1]
· For PUSCH mapping type: Cover PUSCH mapping type A and type B, with test applicability rule.

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
· Other options are not precluded



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 design purpose is not to achieve high reliable probability.  Therefore, the SNR at 70% TP should be feasible for test metric
Propose 9: RAN4 applies the test metric of   SNR@ 70% of Throughput for PUSCH requirements with TBoMS
2.3 PUSCH with Joint Channel Estimation 
Regarding DMRS bundling across PUSCH, this objective has impact on both UE and gNB side. UE behavior needs to be defined if the phase coherency of PUSCH repetition, and new channel estimator needs to be implemented at receiver to process DMRS across multiple repetitions. The UE RF core requirement is under discussion in RAN4 to investigate condition to keep power consistency and phase continuity.
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
· Option 1: 2 consecutive slots
· Other options are not precluded 
· For FDD
· Option 1: 2 consecutive slots
· Option 2: more than 2 consecutive slots
· Option 3: 4 consecutive slots
· Option 4: 8 consecutive slots
· Other options are not precluded
· Note: slot number refers to the actual TDW number


With DMRS bundling across PUSCH, the channel estimation accuracy can improved. With large number of slots, power consistency and phase continuity should be maintained for UE side, which is determined by UE. If the power consistency and phase continuity is violated, the gain coming from JCE is limited.
Therefore, with considering the tradeoff of performance and implementation complexity, we prefer to apply small number slot for JCE 
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 slots is available. Therefore, 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.
Propose 10: 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: 4 slots
· Other options are not precluded 
· For FDD
· Option 1: 4 slots
· Other options are not precluded 


Regarding the configured TDW length, it is determined by 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.
Propose 11: RAN4 applied configured TDW lengths as 2 for requirement with JCE
PUSCH repetition type for JCE
The following is the agreement in the last meeting
	· Agree to use Back-to-back PUSCH transmission
· Repetition type will be further discussed 


Regarding PUSCH repetition type, both PUSCH repetition type A and Type B can be supported for JCE. Since there is no requirement for PUSCH repetition B in Rel-16 URLLC, we prefer to define PUSCH requirement with JCE only based on repetition type A.
Propose 12: RAN4 applied repetition type A for requirement with JCE
PRB number of JCE
The following is the agreement in the last meeting
	· Option 1:  4PRB
· Option 2: Full applicable test bandwidth


Regarding number of PRB configured for requirement with JCE, there is no limitation. With large number of bandwidth, the channel estimation performance can be improved. To differentiate with PUSCH requirement with TBoMS, we are fine to configure full applicable test bandwidth for PUSCH requirement with JCE
Propose 13: RAN4 applies full applicable test bandwidth for PUSCH requirement with JCE
Inter-slot frequency hopping for JCE
The following is the agreement in the last meeting
	· Option 1: Enabled
· Option 2: Disabled 



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.
Propose 14: RAN4 applies inter-slot frequency hopping disable for PUSCH requirement with JCE.
TDD UL-DL pattern for JCE
The following is the agreement in the last meeting
	· For 30KHz SCS
· Option 1: 7D1S2U, S=6D:4G:4U
· Option 2: Depend on the slot number for JCE
· For 15KHz SCS
· Option 1: Reuse the pattern in the spec, i.e., 3D1S1U, S=10D:2G:2U
· Option 2: Consider other TDD patterns


Regarding the TDD pattern, since the number of slot for JCE is 2 as preferred, we can apply the existing TDD pattern in 30 KHz as 7D1S2U. 
As for TDD pattern 3D1S1U in 15 KHz SCS, DMRS bundling is not feasible. Therefore, other TDD patterns should be considered, if need to test PUSCH requirement with JCE in TDD with 15 KHz SCS. 
From baseband joint channel estimation processing aspect, there is no different algorithm foreseen compared with TDD and FDD. Therefore, the PUSCH requirement with JCE in FDD can be applied for PUSCH requirement with JCE in TDD with 2 continuous slots.
Propose 15: RAN4 applies the following TDD UL-DL pattern for PUSCH requirement with JCE for 30KHz SCS.
· For 30KHz SCS
· 7D1S2U, S=6D:4G:4U as starting point
· Reuse the existing applicability rule for test requirement for different TDD UL-DL patterns
No PUCCH requirement with JCE for TDD UL-DL pattern as 3D1SU in 15 KHz SCS. If needed, the PUSCH requirement with JCE for TDD with 2 continuous slots can be applied for FDD with 2 available slots 
Transform precoding for BS PUSCH demod requirements with JCE
The following is the agreement in the last meeting
	· Option 1: Cover both DFT-s-OFDM and CP-OFDM
· Option 2: CP-OFDM only
· Option 3: Prioritize CP-OFDM
· Option 4: FFS whether DFT-s-OFDM should be included



Regarding the waveform, there is no difference processing foresee for CP-OFDM and DFT-s-OFDM in terms of DMRS bundling feature. Therefore, 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
Propose 16: RAN4 applies only CP-OFDM waveform only for PUSCH requirement with JCE
Other parameters for BS PUSCH demod requirements with JCE
The following is the agreement in the last meeting
	· Option 1: 
· QPSK 1/3 (MCS4)
· FR1 and FR2
· Option 2
	Parameter
	Value

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0,2,3,1

	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
	PUSCH mapping type
	A, B

	
	Start symbol
	0 

	
	Allocation length
	14 

	
	Rel-17 PUSCH aggregation factor (RAN1 name TBD)
	n8 

	
	AvailableSlotCounting (RAN1 name TBD)
	enabled

	Code block group based PUSCH transmission
	Disabled


· Option 3: Use configuration of existing Rel-16 PUSCH requirements with repetition  Type A as the starting point
· Option 4: MCS 2



Regarding the test setup, the existing Rel-16 PUSCH requirements with repetition Type A can be used for starting point.
Propose 17: RAN4 applies the configuration of existing Rel-16 PUSCH requirement with repetition Type A as the starting point.

Test metric for BS PUSCH demod requirements with JCE
The following is the agreement in the last meeting
	· Option 1: Test SNR at which the PUSCH achieves 70% of throughput
· Other options are not precluded



Since the targeting of JCE is not for high reliability, the existing test metric with SNR@70%TP can be reused. 
Propose 18: RAN4 applies the test metric as SNR @70%TP for PUSCH requirement with JCE
3	Conclusion
In this contribution, the overview impact on PUSCH performance requirement for Rel-17 coverage enhancement WI was provided
Observation 1: Compared with Rel-15/16, the range of slot repetition can be up to 32 from 16
Observation 2: PUSCH slot repetition requirements have been verified in RAN4 for both FR1 and FR2. No PUSCH requirement with 16 repetition.
Propose 1: No BS demodulation requirements for PUSCH repetition type A with 32 repetitions.
Propose 2: RAN4 applies 4 available slots in FDD and 2 available slots in TDD for PUSCH requirements with TBoMS
Propose 3: RAN4 do not apply repetition for PUSCH requirements with TBoMS
Propose 4: RAN4 applies narrow PUSCH allocation for PUSCH requirements with TBoMS. 
Propose 5: RAN4 applies the following TDD UL-DL pattern for PUSCH requirement with TBoMS for 30KHz SCS.
· For 30KHz SCS
· 7D1S2U, S=6D:4G:4U as starting point
· Reuse the existing applicability rule for test requirement for different TDD UL-DL patterns
No PUCCH requirement with TBoMS for TDD UL-DL pattern as 3D1SU in 15 KHz SCS. If needed, the PUSCH requirement with TBoMS for TDD with 2 available slots can be applied for FDD with 2 available slots 
Propose 6: RAN4 applies CP-OFDM waveform for PUSCH requirements with TBoMS
Propose 7: RAN4 not to test PUSCH demodulation with UCI multiplexing for TBoMS transmission
Propose 8: RAN4 applies the following parameters for PUSCH with TBoMS transmission
· Cover both FR1 and FR2, with test applicability rule 
· For MCS: QPSK 1/3 MCS4
· For RV sequence for HARQ transmission: [0 2 3 1]
· For PUSCH mapping type: Cover PUSCH mapping type A and type B, with test applicability rule.

Propose 9: RAN4 applies the test metric of   SNR@ 70% of Throughput for PUSCH requirements with TBoMS
Propose 10: RAN4 applied 2 slots in TDD and FDD for PUSCH requirement with Joint channel estimation
Propose 11: RAN4 applied configured TDW lengths as 2 for requirement with JCE
Propose 12: RAN4 applied repetition type A for requirement with JCE
Propose 13: RAN4 applies full applicable test bandwidth for PUSCH requirement with JCE
Propose 14: RAN4 applies inter-slot frequency hopping disable for PUSCH requirement with JCE.
Propose 15: RAN4 applies the following TDD UL-DL pattern for PUSCH requirement with JCE for 30KHz SCS.
· For 30KHz SCS
· 7D1S2U, S=6D:4G:4U as starting point
· Reuse the existing applicability rule for test requirement for different TDD UL-DL patterns
[bookmark: _GoBack]No PUCCH requirement with JCE for TDD UL-DL pattern as 3D1SU in 15 KHz SCS. If needed, the PUSCH requirement with JCE for TDD with 2 continuous slots can be applied for FDD with 2 available slots 
Propose 16: RAN4 applies only CP-OFDM waveform only for PUSCH requirement with JCE
Propose 17: RAN4 applies the configuration of existing Rel-16 PUSCH requirement with repetition Type A as the starting point.
Propose 18: RAN4 applies the test metric as SNR @70%TP for PUSCH requirement with JCE
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