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IntroductionAgreement
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.

The RAN decided option C as shown in following are still pending to be implemented in spec, 
[bookmark: _Hlk22834419]TB processing over multi-slot PUSCH for NR coverage enhancement was discussed in RAN1#107-e [1] and relevant agreements and working assumptions are made. This contribution discusses the aspects related to the enhancements for TB processing over multi-slot PUSCH. 
Discussion on rate matching
There has been long discussion on the rate matching including starting bit position and also the impacts from the G and filler bits. In the end, the situation has been split into 3 aspects, which are
· The definition of G and E for TBoMS
· The value of G and E for TBoMS (or, alternatively, the value of H)
· Handling of the filler bits in TBoMS
We will discuss each of the aspects.
The definition of G and E for TBoMS
As summarized, current specification defines G as the total number of coded bits available for transmission of the transport block. Given that only one code-block can be transmitted in TBoMS, and that rate-matching part of TS 38.212 follows a per code-block logic, this also implies that
· E=G
· E is also equal the total number of coded bits available for transmission of the transport block
This definition does not see compatible with TBoMS, since per-slot rate-matching has been agreed for TBoMS, whereas the total number of coded bits available for transmission of the TB in TBoMS is equal to the number of bits across all slots (which is the resource over which the code-block is transmitted).
For this reason, two alternatives to solve this issue for TBoMS:

	Alt 1.  is redefined as the total number of coded bits available for transmission of the transport block in a slot
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



Alt. 1 would not be backward compatible in terms of formal description but would be backward compatible with legacy operations, given that no rate-matching operation for PUSCH uses a multi-slot logic in R15/R16. In this sense, this would seem only a specification change but not an implementation change.
Alt. 2 would simply introduce a new variable, only valid in R17, while G would be untouched. Once again, this would be a specification change (an addition, actually) but not an implementation change.
In summary, both alternatives seem compatible with existing implementation and it is just a matter of which philosophy the group prefer. 
From our point of view, we can see the two alternatives are actually to serve same purpose only with different name. It could also be done with a RAN1 conclusion. For example, from RAN1 perspective, the G is the total number of coded bits available for transmission of the transport block for a slot. Thus, no impact to legacy and also fit the need to TBoMS design.

Proposal 1: it is concluded that: from RAN1 perspective, the G is the total number of coded bits available for transmission of the transport block for a slot.

The value of G for TBoMS 
As summarized, this aspect pertains the value the parameters G and E should have for TBoMS, in case G is understood as per slot for TBoMS.
In this context, there are two different understandings of Option C:
	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.
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.



Both interpretations can ensure that the starting bits of all allocated slots can be pre-determined in advance according to Agreements. However, the key difference is on the whether we have to make the actual transmitted bit to be continuous/consecutive. 
Based on our knowledge, in current implementation, the G has already taken out the impact of UCI. It means the Interpretation 1 is more aligned with current implementation. We think it’s very important that for TBoMS feature could be facilitated without change much in implementation. On the other hand, we can still keep the agreement, only by separating the starting bit index determination and actual transmitted index. 

Observation 1: Interpretation 1 could be beneficial to reuse current implementation as well as following the agreement.

On the other hand, there is also another view from performance perspective:

Assume a PUSCH allocation providing a resource such that 10 coded bits can be transmitted at the most in each slot, and MCS index corresponding to modulation order 2.
Assume a bit sequence of size 20 bits, such as 

{b0, b1, b2, b3, b4, b5, b6, b7, b8, b9, b10, b11, b12, b13, b14, b15, b16, b17, b18, b19}

Where the starting bit for the 1st slot is pre-determined as b0 and the starting bit for the 2nd slot is predetermined as b10. 

Assume that a 4-bits UCI is multiplexed over slot 1, with UCI sequence

{u0, u1, u2, u3}

Rate-matching according to “Interpretation 1” would go as follows:
	
G = E = 6, for the 1st slot
G = E = 10, for the 2nd slot
· Bit selection:
· 1st slot: {b0, b1, b2, b3, b4, b5}
· 2nd slot: {b10, b11, b12, b13, b14, b15, b16, b17, b18, b19}
· Bit interleaving:
· 1st slot: {b0, b3, b1, b4, b2, b5}
· 2nd slot: {b10, b15, b11, b16, b12, b17, b13, b18, b14, b19}
· After UCI multiplexing:
· 1st slot: {u0, u1, u2, u3, b0, b3, b1, b4, b2, b5}
· 2nd slot: {b10, b15, b11, b16, b12, b17, b13, b18, b14, b19}





Rate-matching according to “Interpretation 2” would go as follows:
	
G = E = 10, for the 1st slot
G = E = 10, for the 2nd slot
· Bit selection:
· 1st slot: {b0, b1, b2, b3, b4, b5, b6, b7, b8, b9}
· 2nd slot: {b10, b11, b12, b13, b14, b15, b16, b17, b18, b19}
· Bit interleaving:
· 1st slot: {b0, b5, b1, b6, b2, b7, b3, b8, b4, b9}
· 2nd slot: {b10, b15, b11, b16, b12, b17, b13, b18, b14, b19}
· After UCI multiplexing:
· 1st slot: {u0, u1, u2, u3, b0, b5, b1, b6, b2, b7}
· 2nd slot: {b10, b15, b11, b16, b12, b17, b13, b18, b14, b19}





From which we can see, by interpretation 1, the bits {b6, b7, b8, b9} are ruled out in the very beginning. While by interpretation 2, the bits {b3, b8, b4, b9} are dropped after interleaving. There could be two drawbacks in interpretation 2, 
1. the chance to drop out the systematic bits are higher.
2. The bit interleaving length is longer but eventually the interleave pattern is wasted. 
The above 2 drawbacks could lead the performance degradation and unnecessary complexity (capable of UE but unnecessary). Thus, we definitely prefer to go with Interpretation 1.

Observation 2: interpretation 2 could lead the performance degradation and unnecessary complexity.
Proposal 2: Interpretation 1 should be adopted.

Handling of the filler bits in TBoMS
The filler bits in the multi-slot transmission such as TBoMS may require special handling. No consideration can be done on performance difference between different handling strategies, since it has never been studied (so far, at least). In this sense, the performance of different handling strategies may be very similar, and thus their difference may be negligible.



As summarized in the discussion, there could be two directions:
	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.
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.


From our point of view, as we think the better way is to separate the starting bit determination and the actual bit for transmission. So we did not think there is a necessity to introduce special handling of the filler bits. It may not impact the fact that the separation anyway, but we can reuse what we have already is sufficient enough. 

Proposal 3: Direction 2 (no consideration of filler bits) should be supported.
Conclusion
This paper discusses the mechanism to support TB over multi-slot. The following proposals are made:
Proposal 1: it is concluded that: from RAN1 perspective, the G is the total number of coded bits available for transmission of the transport block for a slot.
Observation 1: Interpretation 1 could be beneficial to reuse current implementation as well as following the agreement.
Observation 2: interpretation 2 could lead the performance degradation and unnecessary complexity.
Proposal 2: Interpretation 1 should be adopted.
Proposal 3: Direction 2 (no consideration of filler bits) should be supported.
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