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1	Introduction
Based on the WID of Rel-17 coverage enhancement, this meeting is the 1st meeting to discuss the performance of coverage enhancement WI. The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD. The related objective is listed as [1]
	· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· When applicable, based on similar mechanism(s) for enabling joint channel estimation for PUSCH
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]



In this contribution, the general view on the performance requirements impact was provided.
2	Discussion
In this section, the potential performance requirement impacts for sub-objective of coverage enhancement are analyzed. 
2. 1 PUSCH enhancements
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 order to improve reliability, PUSCH based on slot repetitions is the important feature for URLLC. 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

Excepting for repetition, the normal HARQ combination with different RV can be regarded as an efficient way to improve the reliability. The following are different RV configuration for repetitions is presented
	rvid indicated by the DCI scheduling the PUSCH
	rvid to be applied to nth transmission occasion
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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. 
Observation 1: PUSCH slot repetition requirements have been verified in RAN4 for both FR1 and FR2  
Compared with Rel-15/16, the range of slot repetition can be up to 32.While from the baseband processing perspective, existing Rel-16 test case can fulfill the verification of multi-slot combination functionality. There is no necessary to specify PUSCH repetition type A with larger number repetition, such as 16, or 32.
Propose 1: FFS to specify the PUSCH repetition type A requirements with Rel-17 repetition value.
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. As per RAN1 agreed
	Agreement
A single RV is used to transmit a single TBoMS.
Note: It is common assumption for option B and option C for “Starting bit in each slot for the single TBoMS”
Note: below working assumption does not need confirm.

Working Assumption
Single TBoMS structure of Option 3 is selected
· Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 
FFS: how the single RV is rate matched across single or multiple TOTs, e.g., rate matched for each TOT, rate matched for all the TOTs, rate matched for each slot and so on.
Agreement
The working assumption is confirmed.
Working Assumption
For TBoMS in Rel-17, the following is supported:
· Bit interleaving is performed per slot.
·       The index of the starting coded bit for each transmitted slot is predetermined prior to the start of the TBoMS transmission.
· Transmission is limited to one CB only.
· FFS: whether UCI multiplexing bits or cancellation/dropping of coded bits, if any, have to be known prior to the determination of the index of the starting coded bit for each transmitted slot or not
· FFS: Performance with UCI multiplexing on single and multiple slots of a single TBoMS



Based on the agreement, the RV and rate matching in TB processing will have impact the baseband processing. It is necessary to specify the related PUSCH requirement for functionality verification.
Propose 2: PUSCH requirement with TB processing over multi-slot can be considered in RAN4
Excepting for PUSCH, UCI multiplexing is also applied for TB over multi-slot transmission. The related bit mapping and CB calculation method will has some impact baseband processing. 
	
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.



Propose 3: UCI multiplexing on PUSCH requirement with TB processing can be considered in RAN4
DMRS bundling across PUSCH repetition
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.
As indicated in the WID, the similar mechanism for enabling joint channel estimation for PUSCH is applied to PUCCH
Beside, in order to enable joint DMRS estimation, inter-slot frequency hopping with inter-slot bundling mechanism is investigated. Currently, the details mechanisms to enable joint channel estimation for both PUSCH and PUCCH multiple transmission are still under discussion. 
Propose 4:  Further discuss whether to define PUSCH/PUCCH multiple transmission requirement with DMRS bundling when the core requirement is finalized in RAN1 and RAN4

2.2 PUCCH enhancements
Dynamic PUCCH repetition factor indication
Regarding the dynamic PUCCH repetition factor indication, there is no impact defined to receiver. The impact to UE implementation is that UE needs to implement transmissions of the PUCCH repetitions based on the dynamic indicator.
Propose 5: No PUCCH demodulation requirement for dynamic PUCCH repetition factor indication.

2.3  Type A PUSCH repetitions for Msg3
This objective is to investigate the Msg3 PUSCH enhancement with repetition, including the indication of the number of repetitions for Msg3 initial transmission and re-transmission, the repetition type, and frequency hopping. The following is the latest RAN1 agreement 
	Agreement 
· RV cycling for Msg3 PUSCH repetition is based on transmission occasions on available slots.
 
Agreement 
For inter-slot FH for Msg3 PUSCH repetition, adopt the following legacy rules.
· The Rel-16 RB offset determination mechanism defined in Table 8.3-1 of TS 38.213 for intra-slot FH for Msg3 PUSCH is reused.
· The Rel-16 additional DMRS configuration defined in Clause 6.2.2 of TS 38.214 for Msg3 PUSCH in case intra-slot FH is disabled is reused.
· The Rel-16 inter-slot FH pattern defined in Clause 6.3.1 of TS 38.214 for PUSCH repetition type A is reused. 

Agreement
· For indication of the number of repetitions of Msg3 initial transmission, Alt 2 (i.e., using MCS information field) is adopted. 
· Four candidate MCS indexes can be configured by SIB1 for Msg3 initial transmission. MCS 0~3 are applied if the configuration is absent.
· If the four candidate repetition factors are not configured, the default values are {1, 2, 3, 4}. 

Agreement 
· For repetition indication for Msg3 re-transmission, Option 1 (i.e., use the same mechanism as supported for Msg3 initial transmission) is adopted. 
· FFS: [8] MCS index to be used for Msg3 re-transmission



From the BS baseband processing perspective, there is no difference foresee between Msg3 PUSCH and PUSCH scheduled with UE in RRC_CONNECTED, only different is the payload and scheduled MCS. 
Regarding frequency hopping, both intra-slot and inter-slot hopping can be supported for MsgA PUSCH transmission to improve the reliability. 
In Rel-16 URLLC WI, there is no PUSCH requirement with considering frequency hopping. Therefore, it is necessary to define related MsgA PUSCH with frequency hopping to verify this functionality.
Considering there is no basic requirement for PUSCH without repetition transmission for intra-slot frequency hopping, FFS to specify the related type A PUSCH repetition with intra-slot frequency hopping
Propose 6: Type A PUSCH repetition for Msg 3 with inter-slot frequency hopping requirement can be considered, FFS on requirement with intra-slot frequency hopping
3	Conclusion
In this contribution, the overview impact on performance requirement for Rel-17 coverage enhancement WI is provided.

Observation 1: PUSCH slot repetition requirements have been verified in RAN4 for both FR1 and FR2  
Propose 1: FFS to specify the PUSCH repetition type A requirements with Rel-17 repetition value.
Propose 2: PUSCH requirement with TB processing over multi-slot can be considered in RAN4
Propose 3: UCI multiplexing on PUSCH requirement with TB processing over multi-slot can be considered in RAN4
Propose 4:  Further discuss whether to define PUSCH/PUCCH multiple transmission requirement with DMRS bundling when the core requirement is finalized in RAN1 and RAN4
Propose 5: No PUCCH demodulation requirement for dynamic PUCCH repetition factor indication.
Propose 6: Type A PUSCH repetition for Msg 3 with inter-slot frequency hopping requirement can be considered, FFS on Type A PUSCH repetition for Msg 3 requirement with intra-slot frequency hopping
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