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[bookmark: _Ref521334010]Introduction
In RAN#90-e, a new Rel-17 WI on NR coverage enhancements was approved, which is further updated in RAN#92-e [1]. For PUSCH enhancement, one direction is to transmit one TB over multi-slot PUSCH, namely TBoMS. The following conclusion /agreements were achieved in RAN1#107bis-e [2]:
	Conclusion
There is no consensus in RAN1 on whether the index of the starting coded bit in the circular buffer should be expressed as function of the lifting size .
Agreement
The Rel-16 per-slot transmission occasion definition is re-used for transmission power determination for TBoMS.
Conclusion
· Configuration and/or indication of priority of TBoMS transmission is up to gNB. 
· No new TBoMS-specific collision handling and dropping rules are introduced.
Agreement
The following text proposal for TS 38.213, Clause 9.2.6, is adopted.
	9.2.6	PUCCH repetition procedure
<omitted text>
If a UE would transmit a PUCCH over a first number [image: ] of slots and the UE would transmit a PUSCH with repetition Type A or a TB processing over multiple slots over a second number of slots, and the PUCCH transmission would overlap with the PUSCH transmission in one or more slots, and the conditions in clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied in the overlapping slots, the UE transmits the PUCCH and does not transmit the PUSCH in the overlapping slots.
<omitted text>


Conclusion
Existing rules can be reused for UCI multiplexing on PUSCH in case of TBoMS and UL CA scenario.
Agreement
A UE that supports TBoMS supports all values of N defined for TBoMS, and a UE that supports TBoMS repetition supports all values of M defined for TBoMS repetition.
Agreement
The use of TBoMS for HD-FDD UE with counting on available slot is supported.
Note: Existing mechanism as in AI8.8.1.1 should be applied for this case
Agreement
· For CG-PUSCH transmissions of TBoMS, the UE is not expected to be configured with the time duration for the N*M transmissions larger than the time duration derived by the periodicity P.


There are a few open issues left in TBoMS after RAN1#107bis-e, which will be discussed in this contribution.

Discussion
Definition of G and E for TBoMS
Currently, the specification defines G as the total number of coded bits available for transmission of the TB. In legacy PUSCH transmission, G is naturally equal to the total number of coded bits in one slot. But for TBoMS, the total number of coded bits available for transmission of the TB, i.e. G, is the sum of the coded bits in each allocated slot, rather than that in one slot. Thus misalignment occurs. 
The following two alternatives were proposed to tackle the issue [3].
	Aspect 1 – Alt 1.  is redefined as the total number of coded bits available for transmission of the transport block in a slot
Aspect 1 – Alt 2. A new variable  is introduced, only for TBoMS, defined as the total number of coded bits available for transmission of the transport block in a slot


Although both alternatives should work, we slightly prefer Alt 2 to avoid potential NBC issue (if any) on Rel-15/Rel-16 features. As for TBoMS, the definition of number of coded bits in one slot is important to describe the bit selection characteristics, so we do not think ‘no change’ is a good option. Also, E should be equal to G, since only single CB is allowed for TBoMS and UCI multiplexing is not considered in this step.
Proposal 1: For Aspect 1, prefer Alt 2, i.e. a new variable  is introduced, only for TBoMS, defined as the total number of coded bits available for transmission of the transport block in a slot.

The value of G (or H) and E for TBoMS
Although the group agreed to adopt Option C to determine the starting coded bits in each slot, different understandings on the number of selected bits in each slot still exists, when UCI multiplexing is involved. 
The following two interpretations were proposed in [3].
	Aspect 2 – Interpretation 1. The starting index of circular buffer is determined assuming no UCI multiplexing, but the number of bits being selected in bit selection (value E) is determined considering UCI multiplexing.
Aspect 2 – Interpretation 2. The starting index of circular buffer is determined assuming no UCI multiplexing, and the number of bits being selected in bit selection (value E) is determined assuming no UCI multiplexing.


Comparing these two interpretations, Interpretation 1 is closer to the current standard. The UL-SCH data will be rate-matched or punctured, depending on the number of UCI bits is larger than 2 or not. As a result, the size of the bit sequence interleaved by the bit interleaver may change from slot to slot, but it is just the same with PUSCH repetition type A in Rel-16. For Interpretation 2, when UCI bits are multiplexed, mismatch arises between the number of selected bits and the remaining REs for UL-SCH, leading to unavoidable truncation to TBoMS. This introduces significant difference between TBoMS and legacy behaviour, and thus has inevitable impact on the specification, which should be avoided at this stage.
Hence, we strongly suggest Interpretation 1 for Aspect 2.
Proposal 2: For Aspect 2, Interpretation 1 should be adopted, i.e. the starting index of circular buffer is determined assuming no UCI multiplexing, but the number of bits being selected in bit selection (value E) is determined considering UCI multiplexing.

Handling of the filler bits in TBoMS
During RAN1#107bis-e, a question was raised whether filler bits should be taken into consideration to pre-determine the index of starting bit of each slot for TBoMS. Subsequently, two different directions were proposed as following [3].
	Aspect 3 – Direction 1. Filler bits are considered to pre-determine the index of the starting bit for each allocated slot for TBoMS, to ensure no overlap exists between bit sequences transmitted over consecutive slots.
Aspect 3 – Direction 2. Filler bits are not considered to pre-determine the index of the starting bit for each allocated slot for TBoMS and overlap between bit sequences transmitted over consecutive slots is allowed.


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]If filler bits were not presented, both directions should be identical to each other. Since the filler bits are predictable from network and UE’s perspective, both directions allow pre-determining the index of starting bit for each allocated slot. Despite the fact that both of them could work, they have relative merits in different aspects. For Direction 2, it is simple and seems more straightforward. For Direction 1, it avoids overlapping of selected bits for different slots, thus should have better performance theoretically.
To down-select from these two directions, we slightly prefer Direction 1. The main reason is that it prevents a potential issue of selecting a filler bit as the starting bit of an allocated slot. The starting bit of a slot, per current standard, should be either a systematic bit or party bit. Direction 2 has the risk of introducing additional work on recalculation of starting bit. As we are approaching the end of Rel-17, such situation should be avoided.
Proposal 3: For Aspect 3, prefer Direction 1, i.e. filler bits are considered to pre-determine the index of the starting bit for each allocated slot for TBoMS, to ensure no overlap exists between bit sequences transmitted over consecutive slots.
[bookmark: _GoBack]
Conclusion
In this contribution, we provide our view on several remaining issues on TBoMS. The proposals are summarized as follows:
Proposal 1: For Aspect 1, prefer Alt 2, i.e. a new variable  is introduced, only for TBoMS, defined as the total number of coded bits available for transmission of the transport block in a slot.
Proposal 2: For Aspect 2, Interpretation 1 should be adopted, i.e. the starting index of circular buffer is determined assuming no UCI multiplexing, but the number of bits being selected in bit selection (value E) is determined considering UCI multiplexing.
Proposal 3: For Aspect 3, prefer Direction 1, i.e. filler bits are considered to pre-determine the index of the starting bit for each allocated slot for TBoMS, to ensure no overlap exists between bit sequences transmitted over consecutive slots.
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