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1      Introduction
In RAN #90 e-meeting, a new Rel-17 work item on NR coverage enhancements was approved [1] and revised in [2]. 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 objectives include TB processing over multi-slot PUSCH.

· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]

· TBS determined based on multiple slots and transmitted over multiple slots. 

In this contribution, we discuss the remaining issues on TB processing over multi-slot PUSCH.
2      Discussion
In RAN1 #106b-e, it was agreed that at least {2, 4, 8} are supported for the number N of allocated slots for the single TBoMS. It was further agreed single-slot PUSCH transmission is enabled when N=1. Other values larger than 8 were also discussed but it seems there was not large support. However, we should note that the gain of TBoMS comes from TB processing over multiple slots, which means the gain of TBoMS over repetition type A highly depends on the number N of allocated slots for the single TBoMS. Though repetition can be applied on top of TBoMS, e.g., {N, M}={8, 4}, we should note that repetition over TBoMS cannot bring additional gain over repetition type A. It is obvious that a single TBoMS with 32 slots can achieve the best performance. It is desired to support the maximum value of N as 32. If companies have concerns on the complexity, at least N=16 should be supported considering the balance between performance and complexity.

Proposal 1: The maximum value of allocated slots for the single TBoMS is at least 16.
In RAN1 #106b-e, although it was acknowledged by the majority that bit interleaving performed over all the allocated slots for a single TBoMS can achieve the best coverage performance due to the best time domain diversity, considering implementation complexity, in order to make progress, bit interleaving performed per slot was agreed as a working assumption, by sacrificing performance of TBoMS. The following agreements was further agreed for bit selection.
Agreement
For the bit selection for each transmitted slot for TBoMS, one of the following is to be down selected in RAN1 #107-e for determining the index of the starting coded bit in the circular buffer:
· Option B: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot.
· Option C: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot, regardless of whether UCI multiplexing occurred in the previous allocated slot or not.
FFS: whether the index of the starting coded bit for each transmitted slot is expressed as a multiple integer of the lifting size Zc
Note: Dropping/cancellation rules are not considered for the starting bit position determination in both Option B and Option C.
Now it seems we are at another crossroad, where we need to choose performance or complexity. As discussed in RAN1 #106b-e, Option C may suffer from non-negligible performance loss for the single TBoMS given that a large number of systematic bits may be lost in case UCI is multiplexed. Repetition over TBoMS may get back to the lost systematic bits. However, we should not fully rely on repetition over TBoMS. In our view, the main design principle of TBoMS is to achieve better performance of single TBoMS than TB processing over single slot. Repetition over TBoMS is a nice-to-have, since it cannot bring additional gain over repetition type A. Thus, we support option B. For option B, the UCI bits may need to be known prior to the determination of the stating bit of each slot, but the timeline does not need to be changed.
Proposal 2:
· Option B: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot.

In RAN1 #106b-e, collision handling between TBoMS and other transmissions were discussed. It is common understanding that UCI multiplexing should be supported in case of overlap between PUCCH and TBoMS transmissions. There can be different manners for UCI multiplexing, which may depend on the bit selection for each transmitted slot for TBoMS. In our view, legacy R15/R16 framework for UCI multiplexing with PUSCH should be reused as much as possible. Other enhancements can only be considered, if justified necessary.

Proposal 3: Legacy R15/R16 framework for UCI multiplexing with PUSCH should be reused as much as possible. Other enhancements can only be considered, if justified necessary.
In RAN1 #106b-e, the following agreement was reached for frequency hopping.
Agreement
For a single TBoMS transmission and TBoMS repetitions in Rel-17, the legacy Rel-15/16 intra-slot frequency hopping framework used in PUSCH repetition Type A is supported.

· FFS: other frequency hopping schemes.

In order to exploit frequency diversity, inter-slot frequency hopping can be supported for TBoMS. The inter-slot frequency hopping mechanism for PUSCH repetition type A can be reused for TBoMS. In addition, it has been agreed that joint channel estimation can be applied to back-to-back PUSCH transmissions and back-to-back PUSCH transmissions across consecutive slots for TBoMS. Inter-slot frequency hopping with inter-slot bundling can benefit from both frequency hopping and joint channel estimation. Therefore, both inter-slot frequency hopping and inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation should be supported for TBoMS.
Proposal 4: Both inter-slot frequency hopping and inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation should be supported for TBoMS.
3      Conclusions
In this contribution, we discussed the remaining issues on TB processing over multi-slot PUSCH and have following proposals:
Proposal 1: The maximum value of allocated slots for the single TBoMS is at least 16.
Proposal 2:
· Option B: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot.

Proposal 3: Legacy R15/R16 framework for UCI multiplexing with PUSCH should be reused as much as possible. Other enhancements can only be considered, if justified necessary.
Proposal 4: Both inter-slot frequency hopping and inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation should be supported for TBoMS.
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