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1. Introduction
In Rel-17 NR coverage enhancement [1], following enhancement features are introduced
· Increasing the number of repetitions and counting repetitions based on available slots for PUSCH repetition type A
· Type A repetitions for Msg.3 PUSCH
· TB processing over multi-slot PUSCH (TBoMS)
· Dynamic indication of the number of repetitions for PUCCH
· Joint channel estimation for PUSCH and PUCCH
All these features can be applied for both FR1 and FR2 bands. 
In this contribution, general discussion is shown on these enhancements from the perspective of BS demodulation requirements.

2. Discussions
2.1 PUSCH and Msg. 3 PUSCH repetition Type A without joint channel estimation

For PUSCH, increasing the number of repetitions and counting repetitions based on available slots are straightforward solutions to improving the coverage by allocating more time domain resources. In particular, the maximum number of repetitions is extended from 16 to 32 compared to Rel-16. 
In Rel-16, repetitions are counted based on physical slots, and the number of used slots will be less the number of reptations indicated by network when the repetition transmission is dropped due to collision with DL symbols in some slots. With counting repetitions based on available slots, available slots will be determined firstly according to the UL-DL configurations and actual SSB transmissions indicated by the higher layer, and then determines the slots to be used from the set of available slots according the indicated number of repetitions. Therefore, the problem of reduced number of used slots can be mitigated effectively. 
Comparing Rel-16 and Rel-17 repetition methods, no algorithm change is expected on the receiver side. Rel-16 have defined requirement for PUSCH repetition type A for both FR1 and FR2 [2] , so it is no necessary to define new requirements for increasing repetition number.
Observation 1: There is no algorithm change comparing Rel-16 and Rel-17 PUSCH repetition type A features without joint channel estimation, and only the maximum repetition number is increased.  
For type A repetitions for Msg.3 PUSCH, repetition is first time introduced to improve the coverage. Compared with PUSCH repetition operation, no algorithm difference is expected. In that case, no specific demodulation requirement is needed for type A Msg.3 PUSCH repetition.
Proposal 1: For increasing the number of repetitions and counting repetitions based on available slots for PUSCH repetition type A and type A repetition for Msg.3 PUSCH without joint channel estimation, no specific demodulation requirements are defined. 

2.2 Transport Block over Multiple Slots PUSCH 

TBoMS is another enhanced solution for PUSCH, which aims to transmit large TBS in coverage limited scenario. With TBoMS, additional overhead due to possible packet split can be reduced and additional channel coding gain can be obtained. 
With TBoMS, the specific TBS determination and rate matching operations are defined which could impact on the corresponding demodulation processing at the receiver side. Furthermore, higher MCS could be used under the same scenario as Rel-15/16. It seems good to check the corresponding performance.
Observation 2: Demodulation processing might be impacted by TBoMS due to specific TBS determination and rate matching operations.

2.3 Dynamic indication of the number of repetitions for PUCCH

For the dynamic indication of the number of repetitions for PUCCH, repetition number is configured for each PUCCH resource respectively, so that PRI field in DL DCI is reused to indicate the number of repetitions dynamically. With this method, coverage performance and resource utilization can be balanced well for PUCCH, considering various UCI payload size and varied channel fading. 
However, there is no processing change compared with the semi-static configured repetition number for PUCCH in Rel-15/16 from the perspective of demodulation. Rel-15/16 have defined requirements for multi-slot PUCCH for FR1 [2]. It is no necessary to define a separate requirement just for dynamic scheduling. For FR2, the corresponding algorithm should be the same as FR1. Although there is no FR2 requirement defined for multi-slot PUCCH in Rel-15/16, it is still not necessary to define new requirement for dynamic PUCCH repetition since semi-static repetition should be enough.   
Proposal 2: For the dynamic indication of the number of repetitions for PUCCH, no specific demodulation requirement is defined. 

2.4 Joint channel estimation for PUSCH and PUCCH

Joint channel estimation (JCE) is introduced for PUSCH and PUCCH to improve the performance, which requires enhanced receiver processing capability of performing channel estimation from the DMRS over multiple coherent slots. This would lead to different demodulation algorithm from Rel-15/16 receiver. In that case, new requirement could be needed to check the performance. 
Observation 3: Demodulation algorithm could be impact by JCE. 
Well operation of JCE requires UE keeping the power consistency and phase continuity. In RAN1 agreement, UE should report a nominal window to indicate the maximum duration in which UE can keep the power consistency and phase continuity, see figure 2-1. RAN4 is discussing the corresponding RF requirement. The nominal window could be “broken” into several actual windows by system events, such as timing advance. The real channel estimation is based on the actual window length. Once RAN4 RF has conclusion, companies could further check the demodulation algorithm difference between different actual window length to see if it is possible to define one requirement to cover all cases. 
[image: ]
Figure 2-1 Example of nominal window and actual window
Observation 4: Demodulation performance of JCE depends on actual window length which UE can keep the power consistency and phase continuity. Further check on algorithm difference between different actual window length could be needed.

2.5 Others

For non-JCE enhanced features, there should be no difference between FDD and TDD from demodulation point of view. If RAN4 agreed to introduce requirement for it, it is preferred to define only one set of requirements to cover both FDD and TDD configurations. 
For JCE enhanced features, further discussion on actual window length impact is needed. 
Proposal 3: If it is agreed to introduce requirements for non-JCE enhanced features, define only one set of requirements to cover both FDD and TDD configurations. 

3. Conclusions
Observation 1: There is no algorithm change comparing Rel-16 and Rel-17 PUSCH repetition type A features without joint channel estimation, and only the maximum repetition number is increased.
Proposal 1: For increasing the number of repetitions and counting repetitions based on available slots for PUSCH repetition type A and type A repetition for Msg.3 PUSCH without joint channel estimation, no specific demodulation requirements are defined.
Observation 2: Demodulation processing might be impacted by TBoMS due to specific TBS determination and rate matching operations.
Proposal 2: For the dynamic indication of the number of repetitions for PUCCH, no specific demodulation requirement is defined. 
Observation 3: Demodulation algorithm could be impact by JCE. 
Observation 4: Demodulation performance of JCE depends on actual window length which UE can keep the power consistency and phase continuity. Further check on algorithm difference between different actual window length could be needed.
Proposal 3: If it is agreed to introduce requirements for non-JCE enhanced features, define only one set of requirements to cover both FDD and TDD configurations. 

4. References
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][1]	RP-210855	WID on NR coverage enhancements		RAN#91e
[2]	TS38.104 v17.3.0


image1.png
x Events Nominal Window
« (6 slots, 3 repetitions) g

Actual Win.

DD

UE can adjust UE can adjust
phase phase




