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Introduction
[bookmark: _Hlk510705081]The following can be noted from the work item description (WID) for Rel-17 coverage enhancement [1]:
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
As mentioned in the WID, this new feature enables the transmission of a transport block (TB) over multiple slots (referred to as TBoMS), wherein the transport block size (TBS) is determined based on the resource across multiple slots. This document discusses the remaining issues from the previous RAN1 meetings for this feature.
Discussion
In RAN1 #106-bis-e, the following working assumption was made, which was then confirmed in RAN1#107-e:
	Agreement:
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
 
Note: How UCI multiplexing and cancellation/dropping of coded bits influence the sequence of coded bits transmitted in each slot of a single TBOMS is to be further discussed. Some knowledge on UCI to be multiplexed or cancellation/dropping of coded bits in each slot of a single TBOMS may be known prior to the start of a single TBOMS transmission. How this is to be handled is to be discussed further.


In addition, the following agreement was also made in RAN1#106-bis-e 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.


In RAN#94-e meeting, the following agreement was made:
	[bookmark: _Hlk92362284]Agreement:​
For the determination of the index of the starting coded bit in a transmitted slot for TBoMS:​
· adopt option C at RAN#94e​
· task RAN1 to work on the corresponding CR(s) for RAN#95e


Following the above agreement from RAN#94-e meeting, corresponding CRs are needed for adopting Option C. In RAN1#107-bis-e meeting, the following conclusion was made.
	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 .


Given the above, no further comment will be made on whether the index of the starting coded bit in the circular buffer should be expressed as function of the lifting size .
Companies’ views expressed during RAN1 #107-bis-e on how to capture Option C were heterogenous and no convergence could be found. To tackle this challenge, the feature lead recommended to decouple the issue into three aspects and describe preferences in contributions for RAN1 #108-e according to the suggested approach [2]:
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
In this contribution, we discuss and provide our preferences on these aspects. 

[bookmark: _Ref94807591]The definition of G and E for TBoMS
According to [2] the definitions of  and  in the current specification is not compatible with TBoMS. Indeed, current specification defines  as the total number of coded bits available for transmission of the transport block and  as the rate matching output sequence length per code-block. 
However, this definition of  is not compatible with TBoMS, since per-slot rate-matching has been agreed for TBoMS, i.e.,  is defined per slot, whereas the total number of coded bits available for transmission of the TB, i.e.,  is equal to the number of bits across all slots allocated for TBoMS.
According to [2], this issue can be fixed in two ways:
Alt. 1: G is redefined as the total number of coded bits available for transmission of the transport block in a slot.
Alt. 2: A new variable H is introduced, only for TBoMS, defined as the total number of coded bits available for transmission of the transport block in a slot.
From our perspective, Alt.2 is the option that may need the least specification and implementation impact, while being fully consistent with the agreed Option C, regardless of the decision that RAN1 will take on the bit interleaver depth as per discussion on Aspect 2. Indeed, if such variable is introduced, it could be used to express the index of the starting bit of each slot, irrespective of whether UCI multiplexing occurred. In this context,  would always be equal to  for TBoMS, regardless of the decision that will be taken on the bit interleaver depth. Redefining  and  as per-slot quantities could then be reasonable, with no further specification change, but not strictly necessary.
[bookmark: _Ref94805611][bookmark: _Toc95153884]Proposal 1. For rate matching of TBoMS, a new variable H is introduced to calculate the starting bit index of each slot. A re-definition of G and E per slot would not be needed, but possible with no further specification change. 

The value of G and E for TBoMS 
Two different interpretations stemming from the description of Option C were identified in RAN#107-bis-e meeting:
[bookmark: _Hlk95153566]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.
According to [2], the differences between the two interpretations are as follows:
	· The value of G according to Interpretation 1 is defined after information on UCI multiplexing is available for the considered slot, and it is possibly changing on a slot-by-slot basis, and so will be E, by existing specification. The starting bits can be pre-determined for all the slots, and existing UCI multiplexing mechanisms are reused for TBoMS (UL-SCH is punctured or rate-matched around the UCI according to R15/R16). The size of the bit sequence that is interleaved by the bit interleaver, i.e., E, may then change on a slot-by-slot basis (following G) and would be the same as per Type A PUSCH repetitions (only if RAN1 redefines G per slot, or introduces H, as discussed in Section 2.1).
· The value of G according to Interpretation 2 is defined regardless of whether information on UCI multiplexing is available for the considered slot. This implies that the starting bits can be pre-determined for all the slots and UL-SCH is punctured in case UCI multiplexing occurs in a slot. The size of the bit sequence that is interleaved by the bit interleaver, i.e., E, does not change on a slot-by-slot basis (since the value of G does not change) and may be different from the size of the bit sequence that is interleaved by the bit interleaver as per Type A PUSCH repetitions (in case RAN1 redefines G per slot, or introduces H, as discussed in Section 2.1).


From the above analysis, selecting Interpretation 1 or 2 come with either specification or implication impact, or both. More precisely:
Interpretation 1 is the closest to current logics in the specification and implementations. Specification change would be needed for determining the starting bit in each slot. Specification change would not be needed for the UCI multiplexing part (i.e., clause 6.2.7 of TS 38.212), and for defining the size of the bit sequence to be interleaved. Only a new variable H would need to be introduced to calculate the starting bit index of each slot but no modifications to the definition of G and E would be strictly needed (albeit possible and reasonable, in principle). 
Interpretation 2 would not differentiate between UCI types and puncture the UL-SCH bits whenever a UCI is to be multiplexed on PUSCH. A specification and implementation change would be needed for the UCI multiplexing procedure described in Clause 6.2.7 of TS 38.212, arguably to Step 4, and for defining the length of the bit sequence to be interleaved. 
Given the above, it is natural to focus on whether any performance difference would be expected from choosing one interpretation over the other. From our perspective, no performance difference would be observed, since the only measurable effect would be related to which bits are actually transmitted in each slot, but now how many. Since no hypothesis can be made on the nature of such bits, the two interpretations are expected to yield the same performance, at least on average. For this reason, Interpretation 1 should be preferred.
[bookmark: _Toc95153866]Observation 1. Interpretation 1 guarantees lower specification and implementation impact, if any, while not yielding worse performance than interpretation 2.
[bookmark: _Toc95153885]Proposal 2. For the value of G and E for TBoMS, adopt Interpretation 1 for Option C, 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
A third aspect discussing during RAN1#107-bis-e meeting is the one related to how the filler bits should be accounted for in the context of the bit selection for TBoMS. Two directions were identified:
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.
Graphical representations were provided in [2], as well as an analysis of the pros and cons of the two directions as follows.
	A graphical representation of Direction 1 is given in Figure 1, where some assumptions are made w.r.t. previously discussed Aspect 1 for simplicity, and where it is also assumed that no UCI multiplexing occurs (for simplicity, but without lack of generality). The same logic would apply in case of UCI multiplexing, but specific assumptions would have to be made on E as well. 
Useful definitions to understand the figure are the following:
·  is the index of the starting bit of the first slot allocated for TBoMS.
·  is the index of the starting bit of the second slot allocated for TBoMS.
·  is the index of the starting bit of the third slot allocated for TBoMS.
·  is the total number of available coded bits per slot allocated for TBoMS, if no UCI multiplexing occurs over the slot.
·  is the size of the output rate matching sequence, i.e., the bit interleaver sequence size, which in case of TBoMS corresponds to  (or G redefined per slot).
·  is the offset added to the index of the starting bit of the -th slot allocated for TBoMS to calculate the index of the starting bit of the -th slot allocated for TBoMS. This offset accounts for the presence of filler bits in the -th slot, if any.
· Filler bits occur in the first slot of this example, for the sake of the argument.
[image: ]
[bookmark: _Ref94107094][bookmark: _Ref94106926]Figure 1. Direction 1

A graphical representation of Direction 2 is given in Figure 2, where the same assumptions made for Direction 1 as made here as well for consistency.
Useful definitions to understand the figure are the following:
·  is the index of the starting bit of the first slot allocated for TBoMS.
·  is the index of the starting bit of the second slot allocated for TBoMS.
·  is the index of the starting bit of the third slot allocated for TBoMS.
·  is the total number of available coded bits per slot allocated for TBoMS, if no UCI multiplexing occurs over the slot.
·  is the size of the output rate matching sequence, i.e., the bit interleaver sequence size, which in case of TBoMS corresponds to  (or G redefined per slot).
· Filler bits occur in the first slot of this example, for the sake of the argument.
· An overlap between the bits selected for transmission in the first and second slot exists, where the number of overlapping bits is equal to the number of filler bits in the first slot.
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[bookmark: _Ref94107118][bookmark: _Ref94106941]Figure 2. Direction 2

Direction 1 has the following characteristics:
· PRO:
· No overlap of bit sequences selected for consecutive slots and all the information available to pre-determine the starting bit in each slot is entirely available at the UE, since the latter always knows in advance the location of all systematic, filler and parity bits. This fully compatible with both agreements on continuous bit selection from the circular buffer and pre-determination of starting bit in each slot. 
· CON:
· The equation to calculate the starting bit location for each slot makes use of an offset whose value may not be constant across allocated slots for TBoMS, while still fully deterministic and known in advance, e.g.,  in FL’s proposal 10-v3.

Direction 2 has the following characteristics:
· PRO:
· It is very simple and uses a fixed offset for calculating the starting bit position determination in each slot equal to the number the total number of coded bits available for transmission of the transport block, if no UCI multiplexing occurs. The presence of filler bits is not considered.
· CONS:
· The fact that filler bits are not considered would lead to create overlap of bit sequences selected for consecutive slots. Thus, it may require to first revert an existing agreement concerning the continuous selection of bits from the circular buffer.
· According to Direction 2, the pre-determined starting bit of a slot could a filler bit since the presence of filler bits is not considered during the determination. Hence, the real starting bit of the corresponding slot, which must be either a systematic or a parity bit by specification, would have to be recalculated later (when the bit sequence is selected and interleaved). This may also require to first revert an existing agreement concerning the pre-determination of the starting bit of each slot allocated for TBoMS.


It can be observed from the above analyses that the con of Direction 1 is not really a con as such. Indeed, a new equation is anyway needed for calculating the starting bit location for each slot for TBoMS. Therefore, discussion on whether the offset used in the equation should be a constant per slot or not is totally irrelevant given that any offset would always be known in advance by UE (since the positions of filler bits in the circular buffer is always known in advance). In contrast, there exist real issues with the cons of Direction 2 wherein existing agreements should be reverted. Given that both directions should work, RAN1 should avoid reverting the existing agreements while issue can be fixed easily by using different wording for the CR.
[bookmark: _Toc95153867]Observation 2. Given that both directions should work, RAN1 should avoid reverting the existing agreements while issue can be fixed easily by using different wording for the CR.
[bookmark: _Toc95153886]Proposal 3. Direction 1 should be adopted for handling the filler bits, 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.
Conclusion
In this contribution, we discussed aspects related to the normative work necessary to provide support to multi-slot TB processing and transmission in Rel-17. 
The following observations have been noted:
Observation 1. Interpretation 1 guarantees lower specification and implementation impact, if any, while not yielding worse performance than interpretation 2.
Observation 2. Given that both directions should work, RAN1 should avoid reverting the existing agreements while issue can be fixed easily by using different wording for the CR.

The following proposals have been made:
Proposal 1. For rate matching of TBoMS, a new variable H is introduced to calculate the starting bit index of each slot. A re-definition of G and E per slot would not be needed, but possible with no further specification change.
Proposal 2. For the value of G and E for TBoMS, adopt Interpretation 1 for Option C, 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. Direction 1 should be adopted for handling the filler bits, 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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