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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:
	· Specification of PUSCH enhancements [RAN1, RAN4]
…
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 


To enable TBoMS in NR, essential issues should be tackled, including TDRA, TBS determination, bit selection and bit interleaving, coexistence with current scheme, etc. In this contribution, we discuss these aspects on the mechanism of TB processing over multi-slot PUSCH, on the basis of previous progress.

Discussion
[bookmark: _Ref85809134]Bit selection of a single TBoMS
Regarding to the structure of TBoMS, the following conclusion and agreement were achieved during RAN1#106bis-e [2].
	Conclusion
Values 1<K<N for the scaling factor to calculate N_info for TBS determination for TBoMS transmission in Rel-17 are not supported.
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.


For the down-selection between Option B and Option C, we have the following observations:
· If there is no UCI multiplexing, the transmitted bits in each slot for Option B and Option C should be the same.
· In Option C, the starting bit of each slot is determined regardless of the UCI multiplexing. This is similar to the current mechanism of repetition, where the starting bit of the PUSCH in a slot does not depend on the UCI in the previous slot(s).
· In Option B, when UCI multiplexing is involved, it should be available prior to the determination of the starting bit in each slot. Hence, if there is misalignment due to different UCI multiplexing, it will spread to the subsequent slots. 
[bookmark: _GoBack]Therefore, Option C is more preferred than Option B. The bit selection and UCI multiplexing are independent to each other, until rate matching is performed and the resources need to be partitioned. Also, Option C is more robust for the case when a DL scheduling DCI is missed. The misalignment due to different UCI multiplexing results in the previous slot will not spread to the subsequent slots. 
Proposal 1: For the bit selection for each transmitted slot for TBoMS, Option C is supported.
· 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.
It is also FFS whether the index of the starting coded bit for each transmitted slot is expressed as a multiple integer of the lifting size Zc. In our view, this is one possible way to capture ‘how the bits are determined in each slot’ for TBoMS in the specification. Generally speaking, as long as the description is clear and accurate, editor should be free to use any wording. We suggest that it is up to the editor how to capture the starting coded bit based on the agreements.
Proposal 2: It is up to editor whether the index of the starting coded bit for each transmitted slot is expressed as a multiple integer of the lifting size Zc.

[bookmark: _Ref78555400]Bit interleaving and UCI multiplexing
Regarding to the bit interleaving of TBoMS, the following conclusion was reached in RAN1#106bis-e [2].
	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.


Due to the strong demand from UE vendors to keep bit interleaving in a ‘per slot’ manner, we can compromise to adopt ‘per slot’ bit interleaving for a single TBoMS. Hence, we can confirm the above working assumption.
Proposal 3: Confirm the working assumption of performing bit interleaving per slot for TBoMS.
Regarding to UCI multiplexing in the PUSCH, it is already supported in current NR with or without PUSCH repetition [3]. Strict and detailed procedures have been specified, including the timeline, rate matching, power control, resource mapping, and so on. Considering that it was agreed to reuse PUSCH repetition type A like TDRA for TBoMS, it is reasonable to utilize the current mechanism of UCI multiplexing in PUSCH repetition type A for TBoMS. In this case, the UCI can be piggybacked in each overlapped slot of the TBoMS. But the details of determination of the number of REs for UCI multiplexing, coding scheme of UCI in multiple overlapped slots and the UCI mapping rules still need to be discussed.
· How to determine the number of REs for UCI multiplexing on TBoMS
Following the Rel-15/16 rules of UCI multiplexing on PUSCH with repetition type A, if PUCCH with UCI using single slot transmission overlaps with TBoMS in one or more slots, UE should multiplex the UCI in the TBoMS transmission in the one or more overlapped slots. Note that the current timeline should be reused.


[bookmark: _Ref85808751]Figure 1 Illustration of UCI multiplexing on TBoMS in multiplex slots.
For TBoMS, it was agreed that the TBS is determined based on the RE resources in a number of available slots for a single TBoMS. To determine the number of REs for UCI multiplexing on TBoMS, the number of available slots for TBS determination can be used to determine the data rate for UCI resource computation. For the case UCI multiplex in multiple slots of TBoMS, the upper bounder of RE resources for UCI multiplexing can be determined as the total number of available REs for UCI in the multiple slots of TBoMS overlapping with PUCCH. As an example shown in Figure 1, PUCCH with HARQ-ACK in CC1 overlaps with TBoMS in 3 slots in CC2, assuming all slots for TBoMS are available, then to determine the RE resources for HARQ-ACK on TBoMS, the total RE resources in 4 slots of TBoMS can be used to compute the data rate, and the RE resources in the first 3 slots of TBoMS can be used to determine the upper bounder of RE resources for UCI multiplexing. 
Hence, for UCI multiplexing on TBoMS, the number of RE resources for UCI modulation symbols per layer can be determined based on the following equation:

where  is the total number of symbols included in the available slots for TBoMS; and  is the total number of symbols included in the available overlapping slots between PUCCH and TBoMS. The other parameters are the same as the current definition.
Proposal 4: To determine the number of REs for UCI multiplexing on TBoMS, the following are supported:
· The number of available slots for TBS determination can be used to determine the data rate for UCI resource computation;
· The number of available overlapping slots between PUCCH and TBoMS can be used to determine the upper bounder of UCI resource on TBoMS.
Since the number of REs for UCI multiplexing on TBoMS is determined as the total resource for UCI transmission in the multiple slots of the TBoMS overlapping with the PUCCH with the UCI, the UCI should be jointly coded instead of repetition among the multiple overlapped slots, following the same mechanism of TBoMS, so as to match the RE determination mechanism and achieve a good coding gain. 
Proposal 5: The UCI should be coded and rate matched based on the total number of REs for UCI multiplexing on TBoMS.
· Mapping rules for UCI multiplexing on TBoMS
In case UCI multiplexing in one slot of TBoMS, the current UCI mapping rules can be reused. However, in case UCI multiplexing in multiple slots of TBoMS, since the UCI resource is determined as the total resources for the multiple slots with UCI transmission, the following two mapping rules can be considered to divide the total UCI resources into the multiple slots:
· Option 1: The REs occupied by UCI are evenly divided into several parts based on the quantity of the multiple slots, and each part is mapped in each of the multiple slots.
· Option 2: UCI is mapped from the first slot of the multiple slots and in sequence until all the UCI coded modulation symbols are mapped.


[bookmark: _Ref85808763]Figure 2 UCI mapping on TBoMS based on Option 1.
For Option 1, the current mapping rules can be reused for UCI mapping in each slot after determine the number of REs for UCI in each slot, and in some cases better performance may be achieved since UCI REs are closer to DMRS than that of Option 2. As shown in Figure 2, assuming HARQ-ACK would occupy 6 OFDM symbols, and in each of the first 3 slots of TBoMS which overlaps with PUCCH for HARQ-ACK, HARQ-ACK will occupy 2 symbols and is multiplexed on the first 2 symbols after the first DMRS as in current scheme.



[bookmark: _Ref85808774]Figure 3 UCI mapping on TBoMS based on Option 2.
For Option 2, UCI may have shorter latency since it occupies earlier resources than Option 1. As shown in Figure 3, assuming HARQ-ACK would occupy 6 OFDM symbols, then HARQ-ACK would occupy 6 symbols in the first slot of TBoMS. In this option, how to determine the upper bounder of UCI resources in one slot of TBoMS should be further considered since the UCI may occupy a large part of PUSCH resources in one slot which may impact the data transmission.
Comparing the two options, Option 1 is slightly preferred to reuse the current mapping rule in one slot. Hence, we have the following proposal for UCI multiplexing on TBoMS:
Proposal 6: For UCI multiplexing in multiple slots of TBoMS, the REs occupied by UCI are evenly divided and mapped in each of the overlapped slots and the current UCI mapping rules can be reused for UCI multiplexing in one slot. 

Allocated number of slots for TBoMS and allocated number of repetitions
The following agreements on indication of allocated number of slots of a single TBoMS and number of repetitions were reached in RAN1#106bis -e [2]: 
	Agreement
For TBoMS transmission in Rel-17:
· TBoMS transmission 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.
· Dynamic switching between at least TboMS transmission and the legacy single-slot PUSCH transmission, by using a row in the TDRA table, is supported.
· 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
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 existing 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
Agreement
At least the following values are supported in Rel-17 for the number N of allocated slots for the single TBoMS:
· [image: image001(10-19-1(10-19-19-43-26)]
FFS: whether N=1 is also supported depends on how TBoMS transmission feature is enabled (or disabled)
FFS: other values, if any.
FFS: further constraints on N*M
Agreement
The following values are supported in Rel-17 for the number M of repetitions of the single TBoMS:
· [image: image002(10-19-1(10-19-19-43-26)]
FFS: further constraints on N*M, e.g., N*M is a valid value according to agreements in AI 8.8.1.1


Regarding to the number N of allocated slots for a single TBoMS, it is FFS whether other values beyond {2, 4, 8} should also be supported. In our view, there is no need to further support other values, given the fact that larger values will increase the delay of transmission. In addition, the already agreed support of repetition and RV cycling reduces the demand of allocating more slots for a single TBoMS. 
Proposal 7: No other values beyond {2, 4, 8} is supported for number N of allocated slots for a single TBoMS.
In AI 8.8.1.1, it was confirmed that the increased maximum repetition number of PUSCH repetition type A is 32, even for counting on the basis of available slots [2]. Thus, N*M≤32 should be satisfied for TBoMS. It is also FFS whether there should be any constraint of combination of N and M, beyond the constraint of N*M≤32. In our view, the specification should leave enough flexibility to the gNB to schedule the preferred combination of {N, M}. We do not see any issue when no other restriction is specified. If a gNB thinks it is improper to configure a specific combination, it can be avoided just by implementation. This applies to not only initial transmission but also retransmission.
Proposal 8: No other constraint is specified for combination of {N, M} beyond the restriction of N*M≤32.

[bookmark: _Ref82790421][bookmark: _Ref85811939]Limitation of TBS for TBoMS
The following agreements related to TB size of TBoMS were reached in RAN1#106bis-e [2]:
	Agreement
The number of MIMO layers (rank) for TBoMS transmission in Rel-17 is limited to 1. 
Agreement
At least the following values are supported in Rel-17 for the number N of allocated slots for the single TBoMS:
· [image: image001(10-19-1(10-19-19-43-26)]
FFS: whether N=1 is also supported depends on how TBoMS transmission feature is enabled (or disabled)
FFS: other values, if any.
FFS: further constraints on N*M


Also, the following working assumption was made and should be confirmed, as discussed in Section 2.1.
	Working Assumption
For TBoMS in Rel-17, the following is supported:
…
· Transmission is limited to one CB only.
…


For initial transmission, due to the restriction on one CB and single layer and maximum 8 slots for a single TBoMS, the TBS of a single TBoMS is unlikely to exceed the maximum TBS in Rel-15/16. There is no need to specify other constraint in TBS of TBoMS in physical layer. Hence, we have the following proposal.
Proposal 9: No need to specify other constraints to limit the TBS of a single TBoMS, due to the restriction on one CB, single layer and maximum 8 slots for a single TBoMS.
For retransmission, the same TBS as in initial transmission should be followed, regardless the resource allocation for retransmission remains the same with or different from initial transmission. This will simplify the UE implementation and align with current retransmission principle.
Proposal 10: For retransmission, reuse the current principle that the TBS of TBoMS follows the TBS of initial transmission.

Other aspects
The following agreements on frequency hopping were achieved in RAN1#106bis-e [2].
	Agreement
For a single TBoMS transmission and TBoMS repetitions in Rel-17, at least the legacy Rel-15/16 inter-slot frequency hopping framework used in PUSCH repetition Type A is supported.
· FFS: other frequency hopping schemes.
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 RAN1#106bis-e, it was confirmed that joint channel estimation (JCE) can be applied to TBoMS [2]. 
	Agreement
     For non-back-to-back PUSCH transmissions across consecutive slots (no uplink transmission in the middle of two PUSCH transmissions), support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over non-back-to-back PUSCH transmissions for one TB processed over multiple slots
· It’s subject to UE capability
· if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A


It is FFS whether to support other frequency hopping schemes in addition to the inter-slot hopping and intra-slot hopping. Specifically, inter-bundling hopping will be supported for JCE. The detailed discussion is on-going under AI 8.8.2. In our opinion, inter-bundling hopping can be supported when DMRS bundling is applied for TBoMS. This can improve the coverage performance of TBoMS.
Proposal 11: Inter-bundling hopping is supported for TBoMS for the case when DMRS bundling is applied.
Regarding to the case of retransmission, as proposed in Section 2.4, the TBS of retransmitted TBoMS should equal to that of the initial transmitted TBoMS. This is aligned with the current NR mechanism. Following the same logic, it seems that (re)transmitting the whole single TBoMS should be the baseline for retransmission, which should be naturally supported. Some further optimization may be considered, e.g. retransmitting part of the slots of a single TBoMS, only if there is enough time to study. 
Proposal 12: For TBoMS retransmission, retransmitting the whole single TBoMS should be supported as the baseline.

Conclusion
In this contribution, we provide our view on several mechanisms of TBoMS. The proposals are summarized as follows:
Proposal 1: For the bit selection for each transmitted slot for TBoMS, Option C is supported.
· 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 2: It is up to editor whether the index of the starting coded bit for each transmitted slot is expressed as a multiple integer of the lifting size Zc.
Proposal 3: Confirm the working assumption of performing bit interleaving per slot for TBoMS.
Proposal 4: To determine the number of REs for UCI multiplexing on TBoMS, the following are supported:
· The number of available slots for TBS determination can be used to determine the data rate for UCI resource computation;
· The number of available overlapping slots between PUCCH and TBoMS can be used to determine the upper bounder of UCI resource on TBoMS.
Proposal 5: The UCI should be coded and rate matched based on the total number of REs for UCI multiplexing on TBoMS.
Proposal 6: For UCI multiplexing in multiple slots of TBoMS, the REs occupied by UCI are evenly divided and mapped in each of the overlapped slots and the current UCI mapping rules can be reused for UCI multiplexing in one slot. 
Proposal 7: No other values beyond {2, 4, 8} is supported for number N of allocated slots for a single TBoMS.
Proposal 8: No other constraint is specified for combination of {N, M} beyond the restriction of N*M≤32.
Proposal 9: No need to specify other constraints to limit the TBS of a single TBoMS, due to the restriction on one CB, single layer and maximum 8 slots for a single TBoMS.
Proposal 10: For retransmission, reuse the current principle that the TBS of TBoMS follows the TBS of initial transmission.
Proposal 11: Inter-bundling hopping is supported for TBoMS for the case when DMRS bundling is applied.
Proposal 12: For TBoMS retransmission, retransmitting the whole single TBoMS should be supported as the baseline.
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