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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 options identified in RAN1 #106bis-e meeting, potential open issues and the associated specification works for specifying this new feature in Rel-17.
Discussion
Definition of a single TBoMS
In RAN1#106-e, Option 3 was adopted as a working assumption for the definition of a single TBoMS. 
	Working Assumption
Single TBoMS structure of Option 3 is selected
Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 
FFS: how the single RV is rate matched across single or multiple TOTs, e.g., rate matched for each TOT, rate matched for all the TOTs, rate matched for each slot and so on.


The structure of a single TBoMS plays an important role on the design of other aspects of the feature, including rate-matching and TBoMS repetitions. Given that the remaining time for finalizing this WI is limited, RAN1 should agree on confirming the working assumption.
[bookmark: _Toc87019250]Proposal 1. RAN1 to confirm the working assumption on adopting Option 3 for a single TBoMS structure, i.e., the TB is transmitted using a single RV.
Rate-matching
Bit interleaving size and CB segmentation
In RAN1 #106bis-e, the following working assumption was made for bit interleaving and CB segmentation of TBoMS:
	Working Assumption
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 our contribution submitted to RAN1#106bis-e meeting [2], we provided an extensive analysis on implementation and specification impact of the two RM approaches proposed for TBoMS in Rel-17, namely RM per slot and RM per TBoMS, on different aspects. Implementation impact analysis was carried out while considering a generic reference device and observations on advantages and disadvantages for different aspects of TBoMS are provided. It is worth observing that this may not be sufficient to assess the actual implementation impact one may observe in practice once the logic of transmission and reception operations in NR are accounted for. 
More precisely, transmission and reception operations in NR follow a per-slot logic. This has a large impact on how devices operate. Most decisions are taken on a slot-by-a slot basis, most buffers are handled on a slot-by-slot basis, most Tx/Rx chain updates are performed on a slot-by-slot basis, most counters run on a slot-by-slot basis. Of course, this situation is not the result of arbitrary choices but rather an implicit consequence of how the specification is written and the signalling is designed. 
In this context, deciding to perform some of the above operations according to a per multi-slot logic may impact implementation at a much more fundamental level than the single PUSCH transmission handling. It is then worth wondering if this would be justified and justifiable by the TBoMS use case, which is arguably very narrow if compared to all other NR features and operations (which can be supported by the existing slot-by-slot logic). 
From our perspective, decisions taken by RAN1 should not only consider observations related to the implementation impact of the two RM approaches for TBoMS when an abstract generic device is taken as a reference. Conversely, they should, and probably must, consider that the relevance of the TBoMS use case is what will eventually determine the success of the feature. Decisions that reduce the relevance of the use case, and its justifiability in terms of actual implementation effort, should be strongly discouraged. In this regard and following our analysis in [2], considering bit interleaving per slot and single CB transmission not only offers a friendlier solution for implementation but also minimizes the specification impacts. Therefore, we propose to confirm the above working assumption. Details on UCI multiplexing bits or cancellation/dropping of coded bits in the bit selection will be discussed in Section 2.2.2.
[bookmark: _Toc87019251]Proposal 2. RAN1 to confirm the working assumption made in RAN1#106bis-e meeting on bit interleaving size and CB segmentation, i.e., bit interleaving is performed per slot and transmission is limited to one CB only.
[bookmark: _Ref86938518]Bit selection and UCI multiplexing
In RAN1 #106bis-e, the following agreement was made 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.


It is worth noting that, in the working assumption for the interleaving size, it is a common understanding that the index of the starting coded bit for each transmitted slot is predetermined prior to the start of the TBoMS transmission to ensure that only a single RV is used for TBoMS, i.e., the bits allocated across slots are back-to-back. With this common understanding, Option B requires the information related to UCI multiplexing, if any (e.g., if UCI multiplexing is needed, UCI payload size, and so on), to be available prior to the determination of the starting bit in each transmitted slot, hence, prior to the start of the TBoMS transmission. On the one hand, this option allows to rate-match the data bits around the UCI instead of puncturing. On the other hand, requiring information related to UCI multiplexing to be available prior to the start of the TBoMS transmission would strongly impact the legacy UCI multiplexing timeline, at least for CG-PUSCH Type 2. While the benefit of rate-matching instead of puncturing (and how much gain can be achieved) is unclear given that the total number of information bits to be transmitted are the same in both cases, what is clear is that new UCI multiplexing timeline shall not only introduce a strong specification impact but also prevent UCI multiplexing in many scenarios. Indeed, if the UCI multiplexing timeline is not guaranteed, the UCI will be dropped. This would not be a desired scenario, especially in coverage shortage scenarios, wherein the control data plays an important role and wherein it is most likely that both PUSCH and PUCCH will be impacted. Switching the focus to Option C, this option keeps TBoMS and UCI multiplexing as independent processes until it is time to puncture the data bits for UCI. With this approach the starting bit in each slot is determined without the need for UCI multiplexing information to be available beforehand. In other words, the legacy UCI multiplexing timeline can be reused. 
From the above analysis, it can be observed that Option C offers a solution that is friendlier for implementation and more compatible with the legacy UCI multiplexing behavior. Therefore, we propose the following:
[bookmark: _Toc87019252]Proposal 3. For the bit selection for each transmitted slot for TBoMS, 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.
Remaining issue on TDRA
In RAN1#104-e meeting the following agreement was made:
	Agreement
Consecutive physical slots for UL transmission can be used for TBoMS for unpaired spectrum 
To resolve in RAN1#104b-e whether to support non-consecutive physical slots for UL transmission for TBoMS for unpaired spectrum 
Consecutive physical slots for UL transmission can be used for TBoMS for paired spectrum and the SUL band 
FFS if non-consecutive physical slots for UL transmission are also supported for paired spectrum and the SUL band


In RAN1#104bis-e meeting the following agreement was made:
	Agreement
Non-consecutive physical slots for UL transmission can be used to transmit TBoMS at least for unpaired spectrum.
· How TBoMS is transmitted over non-consecutive physical slots for UL transmission for unpaired spectrum is to be discussed further. 
· Whether and how non-consecutive physical slots for UL transmission can be used to transmit TBoMS for paired spectrum and SUL band as well, is to be discussed further.


In addition, the following agreement was also made in RAN1#106-e meeting:
	Agreement
The number of slots allocated for TBoMS is counted based on the available slots for UL transmission. 
· The determination of available slots for PUSCH repetition type A, as defined in AI 8.8.1.1, is reused.
· Note: Available slots for FDD or SUL could be revisited according to discussion in AI 8.8.1.1


From the above agreements, it can be observed that available slot counting is only applicable for TBoMS in unpaired spectrum, whereas, if there is no further discussion under AI 8.8.1.1 on how to handle the available slot counting for paired spectrum, then only consecutive physical slots will be applied for TBoMS in paired spectrum and SUL band, following the above agreements made in RAN1#104-e and RAN1#104bis-e meetings.
[bookmark: _Toc86964349][bookmark: _Hlk87018450]Observation 1. If no further agreement is made under AI 8.8.1.1 on how to handle the available slot counting for paired spectrum and SUL band, then only consecutive physical slots will be applied for TBoMS in paired spectrum and SUL band, following the agreements made in RAN1#104-e and RAN1#104bis-e meetings.
[bookmark: _Toc87019253]Proposal 4. If no further agreement is made under AI 8.8.1.1 on how to handle the available slot counting for paired spectrum and SUL band, then only consecutive physical slots are supported for TBoMS in paired spectrum and SUL band.

TBoMS with configured grant
In RAN1#106bis-e meeting, the following agreement was made under AI 8.8.1.1:
	Agreement
· The existing restriction “The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P” applies to both the counting based on physical slots and the counting based on available slots.
· The above “the time duration for the transmission of K repetitions” means the time duration between the start of the 1st slot of the K repetitions and the end of the last slot of the K repetitions for any instance of a CG period.


In addition, it is worth recalling that the following agreement was also made in RAN1#106-e meeting:
	Agreement
The number of slots allocated for TBoMS is counted based on the available slots for UL transmission. 
· The determination of available slots for PUSCH repetition type A, as defined in AI 8.8.1.1, is reused.
· Note: Available slots for FDD or SUL could be revisited according to discussion in AI 8.8.1.1


For a single TBoMS or TBoMS repetitions with configured grant, the constraint on when to terminate the PUSCH transmissions with respect to the periodicity P has not been discussed. However, RAN1 has to make a decision on the UE behaviour in this scenario to complete the feature. An agreement on similar issue was made under AI 8.8.1.1, for counting based on available slots. It has also already been agreed that TBoMS follows the available slots counting defined in AI 8.8.1.1 (as shown in the two agreements above). Therefore, applying the same termination behaviour agreed for PUSCH repetitions type A counting based on available slots to TBoMS is a natural consequence. We propose the following:
[bookmark: _Toc87019254]Proposal 5. For a single TBoMS or TBoMS repetitions with configured grant, the UE is not expected to be configured with the time duration for N*M transmissions larger than the time duration derived by the periodicity P.
Similarly, restrictions fir the initial transmission of a transport block have not been discussed for TBoMS with CG. Indeed, the following can be noted from Clause 6.1.1.3.1 of TS 38.214:
	If a configured grant configuration is configured with startingFromRV0 set to ‘off’, the initial transmission of a transport block may only start at the first transmission occasion of the K repetitions. Otherwise, the initial transmission of a transport block may start at 
-	the first transmission occasion of the K repetitions if the configured RV sequence is {0,2,3,1},
-	any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},
-	any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last transmission occasion when K≥8.


The above text aims at introducing restrictions for the initial transmission of a TB in CG mode, to reduce the burden of blind detection at the gNB. In RAN1#106bis-e meeting, it was agreed under AI 8.8.1.1 that for PUSCH repetition type A counting based on available slot, the above legacy restrictions on initial transmission of a TB are applied.
	Agreement
For CG-PUSCH repetition Type A with the counting based on available slots, the R16 existing restrictions as defined in Clause 6.1.2.3.1 of TS38.214 at least on the initial transmission of a transport block are applied, assuming the K repetitions of R17 determined based the rule of counting available slots.


The same agreement should be made for TBoMS to complete the feature. Therefore, we propose the following:
[bookmark: _Toc87019255]Proposal 6. For TBoMS repetitions with configured grant, the legacy Rel-16 restrictions as defined in Clause 6.1.2.3.1 of TS 38.214 at least on the initial transmission of a transport block are applied.
TBoMS repetitions
In RAN1 #106bis-e, the following agreement was made for the indication of N and M:
	Agreement
· The number N of allocated slots for TBoMS is indicated via a new column added to the TDRA table configured via PUSCH-TimeDomainAllocationList. The column for configuring the number of repetitions in the TDRA for Rel-17 PUSCH repetition Type A, i.e., numberOfRepetitions, is used for indicating the number of repetitions M of a single TBoMS, when TBoMS transmission is enabled.
· FFS: supported values of N and M.
· FFS: how to enable the TBoMS transmission
· FFS: details of retransmission of TBoMS


From the above agreement, the number of repetitions in the TDRA table for PUSCH repetition Type A, i.e., numberOfRepetitions parameter, is used for indicating the number of repetitions M of a single TBoMS, when TBoMS transmission is enabled. It is a natural consequence that a default value should be set for M in case numberOfRepetitions, which is an optional parameter, is not configured. It is straightforward that, DG and CG, if numberOfRepetitions is not configured then then there is no TBoMS repetitions, i.e., M = 1. This straightforward understanding should be confirmed by an agreement in RAN1 to complete the feature. Therefore, we propose the following:
[bookmark: _Toc87019256]Proposal 7. For Rel-17 TBoMS transmission in both dynamic grant and configured grant, if the parameter numberOfRepetitions is not configured in the TDRA table, then the number of repetitions M of a single TBoMS is equal to 1.
Details of TBoMS retransmission
Two possibilities for TBoMS retransmission have been identified from the discussions so far, namely CB or CBG-based retransmission and partial retransmission of a portion of the allocated slots. The latter would be a new concept which deserves more discussion to better understand how it could be realized and the associated benefits. For instance, its realization could be achieved in at least two different ways:
Alt. 1: The modulated symbols of PUSCHs are retransmitted following an indication from the gNB (e.g., based on the RSRP measurement from the gNB), no HARQ process will be considered for one or multiple PUSCHs allocated for TBoMS.
Alt. 2: Different HARQ processes are associated with one or multiple PUSCHs allocated for TBoMS. The retransmission will be based on the HARQ process ID.
Alt. 2 may introduce significant impacts on both implementation and specification, whereas Alt. 1 would require further discussion. On the one hand, we think it is evident that Alt. 2 should not be considered for TBoMS. On the other hand, we are not sure the discussion on partial retransmission, for instance as per Alt. 1, should be prioritized given that possible alternatives based on adaptation of the existing retransmission framework exist.
[bookmark: _Toc87019257]Proposal 8. Discussion on partial retransmission should be deprioritized, given the limited available time before the end of the discussions for Rel-17. 
Indication method for enabling/disabling TBoMS
The following agreement was made in RAN1#106bis-e meeting for the enabling/disabling of TBoMS feature and TBoMS transmission:
	Agreement
For TBoMS transmission in Rel-17:
· TBoMS feature is enabled (or disabled) by configuring (or not) the number of allocated slots for a single TBoMS (N) in a row of the TDRA table.
· TBoMS transmission is enabled when N>1, where N is the number of allocated slots for a single TBoMS.
· Single-slot PUSCH transmission is enabled when N=1.
· Supported combinations of N and M that can be configured in the TDRA table, these combinations are constrained by retransmission are to be further discussed.


The above agreement clarifies how to enable TBoMS feature and how to enable TBoMS transmission and single-slot transmission. However, whether and how to enable the legacy PUSCH repetitions is to be further discussed as explicitly mentioned in “Supported combinations of N and M that can be configured in the TDRA table, these combinations are constrained by retransmission are to be further discussed”. It is indeed unclear from the above agreement on whether “single-slot PUSCH transmission” also includes PUSCH repetitions or not, since the UE behaviors when being configured with N = 1 and M = 1 vs. N = 1 and M > 1 have not been clarified. From the discussion in previous meeting, the main concern on supporting the case N = 1 and M>1 for enabling PUSCH repetitions is that this may lead to the scenario that the initial transmission of the TB uses TBoMS but the retransmission of the TB may use PUSCH repetitions, or vice versa. In theory, TBoMS or PUSCH repetitions are just different ways to transmit a TB. For a UE that supports both TBoMS and PUSCH repetitions, if an initial transmission of a TB was failed, the gNB could try to use another approach for transmitting the TB. This should be a rather straightforward process, at least if the slot counting for PUSCH reptition Type A is based on available slots. In this context, and since the initial and the retransmission are independent, it is not clear why this would entail significant implementation and specification impacts. Additionally, it is quite clear that, in practice, gNB has always full control and can avoid any problematic scenario from happening, if needed. Therefore, to further clarify the above agreement and complete the feature, we propose the following:
[bookmark: _Toc87019258]Proposal 9. In Rel-17, single-slot PUSCH transmission is enabled when N = 1 and M =1. PUSCH repetition Type A is enabled when N = 1 and M > 1, where N and M are configured in TDRA table as agreed the context of Rel-17 TBoMS, at least for the case in which UE is configured for counting based on available slots for PUSCH repetition Type A.
In addition, as also discussed in our companion contribution in [3], the RRC parameter AvailableSlotCounting defined in AI 8.8.1.1 should also be a prerequisite for enabling/disabling TBoMS feature. Therefore, we propose the following
[bookmark: _Toc87019259]Proposal 10. TBoMS feature is enabled when the number of allocated slots for a single TBoMS (N) is configured in a row of the TDRA table and the parameter AvailableSlotCounting is configured and set to enable, at least for unpaired spectrum.
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 made:
Observation 1. If no further is made under AI 8.8.1.1 on how to handle the available slot counting for paired spectrum and SUL band, then only consecutive physical slots will be applied for TBoMS in paired spectrum and SUL band, following the agreements made in RAN1#104-e and RAN1#104bis-e meetings.
In addition, the following proposals have been made:
Proposal 1. RAN1 to confirm the working assumption on adopting Option 3 for a single TBoMS structure, i.e., the TB is transmitted using a single RV.
Proposal 2. RAN1 to confirm the working assumption made in RAN1#106bis-e meeting on bit interleaving size and CB segmentation, i.e., bit interleaving is performed per slot and transmission is limited to one CB only.
Proposal 3. For the bit selection for each transmitted slot for TBoMS, 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.
Proposal 4. If no further agreement is made under AI 8.8.1.1 on how to handle the available slot counting for paired spectrum and SUL band, then only consecutive physical slots are supported for TBoMS in paired spectrum and SUL band.
Proposal 5. For a single TBoMS or TBoMS repetitions with configured grant, the UE is not expected to be configured with the time duration for N*M transmissions larger than the time duration derived by the periodicity P.
Proposal 6. For TBoMS repetitions with configured grant, the legacy Rel-16 restrictions as defined in Clause 6.1.2.3.1 of TS 38.214 at least on the initial transmission of a transport block are applied.
Proposal 7. For Rel-17 TBoMS transmission in both dynamic grant and configured grant, if the parameter numberOfRepetitions is not configured in the TDRA table, then the number of repetitions M of a single TBoMS is equal to 1.
Proposal 8. Discussion on partial retransmission should be deprioritized, given the limited available time before the end of the discussions for Rel-17.
Proposal 9. In Rel-17, single-slot PUSCH transmission is enabled when N = 1 and M =1. PUSCH repetition Type A is enabled when N = 1 and M > 1, where N and M are configured in TDRA table as agreed the context of Rel-17 TBoMS, at least for the case in which UE is configured for counting based on available slots for PUSCH repetition Type A.
Proposal 10. TBoMS feature is enabled when the number of allocated slots for a single TBoMS (N) is configured in a row of the TDRA table and the parameter AvailableSlotCounting is configured and set to enable, at least for unpaired spectrum.
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