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1	Introduction
In RAN#91-e, revised work item for NR coverage enhancements in Rel-17 has been approved with following objectives for in RP-210855 [1]:
· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· When applicable, based on similar mechanism(s) for enabling joint channel estimation for PUSCH
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]

 In this contribution, we provide our views on following aspects for TB processing over multi-slot PUSCH:
· TOT
· RV and rate-matching with TBoMS
· TBS determination
· Retransmissions with TBoMS
· Repetitions with TBoMS
· Configuration/Indication of TBoMS

2	Transmission occasion for TBoMS (TOT)
In RAN1#105-e [2], following working assumption related to transmission occasion for TBoMS has been made:
Working assumption
A transmission occasion for TBoMS (TOT) is constituted of at least one slot or multiple consecutive physical slots for UL transmission 
· FFS: whether the concept of TOT will be used for designing aspects related to signal generation, e.g., rate-matching, power control, etc.
· FFS: whether such concept will be specified or not.
In order to distinguish multiple disjointed set of contiguous slots from a single set of contiguous slots for TBoMS, it will be useful to specify TOT or clarify the existing "transmission occasion" terminology in the context of TBoMS in the specifications. Moreover, we also envision that design aspects such as redundancy version, rate-matching, power control, partial retransmission of TBoMS, etc., can then be further specified depending on if and how TOT is specified. Therefore, we think that the working assumption from the last meeting can be made into an agreement and FFS points can also be agreed, and more details based on this agreement can be further discussed.
Proposal 1: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, the concept of a transmission occasion for TBoMS (TOT) should be specified, where a TOT constitutes of at least on slot or multiple consecutive physical slots for UL transmission.
Proposal 2: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, if TOT is specified, then it could be used for further design aspect including redundancy version, rate-matching, power control, partial retransmissions of TBoMS and others (if any).

3	Enhancements for RV and rate-matching with TBoMS
In RAN1#105-e [2], following agreements related to RV design and rate-matching with TBoMS have been made:
Agreement:
· The structure of TBoMS will be according to only one of these two options (to be down-selected in RAN1#106-e)
· Option 3, if a design based on single RV is adopted. 
· Option 4, if a design based on different RVs is adopted. 
· FFS: other details, e.g., rate-matching, TBS determination, collision handling, etc. 
· The single RV is not constrained to have only the same coded bits in each slot or in each TOT
· The concept of TOT as per the corresponding Working assumption is used to define Option 3 and Option 4 and may or may not be used to design other details, e.g., rate-matching, TBS determination, collision handling and so on. 

Agreement:
The following three options for rate-matching for TBoMS are considered for down-selection during RAN1 #106-e, where only one option will be selected:
· Option a: Rate-matching is performed per slot;
· Option b: Rate matching is performed continuously across all the allocated slot(s) per TOT;
· Option c: Rate matching is performed continuously across all the allocated slots/TOTs for TBoMS
Note: “rate-matching is performed per X” means that the time unit for the bit selection and bit interleaving is X. 
Note2: the above 3 options imply that the UL resource in the time unit may or may not be consecutive (depending on the given option)
For the structure of TBoMS, currently two options are remaining: option 3 and option 4. The main difference between the two options is how the RV is applied. In option 3, a single RV is applied to the entire duration of TBoMS regardless of whether all the slots are contiguous (for example a single TOT with contiguous slots) or if there are multiple TOTs i.e., multiple disjointed set of contiguous slots. One of the main concerns for option 3 is if there are potential collisions with latter part of the TBoMS, then it needs to be considered also to determine TBS, rate-matching for the earlier part of TBoMS as well. However, in our understanding, applying single RV doesn’t really imply such a restriction. One potential solution to deal with the issue is that the coded bits based on single RV can be split up into multiple segments, where each segment can have potentially separate rate-matching, if needed. For example, if RV0 is applied across entire TBoMS, then the first slot or TOT will start with the coded bits from the starting position of RV0 and end at bit, say b0, in the circular buffer. Then for next slot or TOT, the coded bits will be applied from the position subsequent to the end of the first slot or TOT (bit b0+1) and so on. Therefore, any issue or limitation with single RV over entire TBoMS can be avoided. For option 4 with different RVs, the number of different coded bits transmitted over entire TBoMS will be much smaller (all the coded bits in the circular buffer may not be transmitted) compared to option 3 with single RV.
Proposal 3: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, option 3 is adopted where a single RV is applied across entire TBoMS.
Proposal 4: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, if option 3 with single RV is adopted, then different starting points (to apply coded bits) from a single RV should be considered for different slots or TOTs.
Furthermore, regarding rate-matching, three options are currently under consideration. If similar behaviour as in Rel-15/16 needs to be followed where UCI multiplexing to UL-SCH is done on slot basis, then the most straightforward way is to perform rate-matching per slot as described in option a in the agreement from RAN1#105-e.
Proposal 5: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, option a should be adopted for rate-matching i.e., the rate-matching is performed per slot basis. 

4	Retransmissions with TBoMS
Another important aspect related to TBoMS is retransmissions. It is expected that TBoMS can span quite a long duration over multiple contiguous and/or non-contiguous slots. However, it is possible that only a portion of a TBoMS transmission might need to be retransmitted. It is not optimal to transmit entire TB over multiple slots in this case. Even for smaller TB size, multiple slots could be scheduled for transmission and therefore, CBG based PUSCH retransmissions might not always work. Therefore, enhancements to handle PUSCH retransmissions when TBoMS is applied should be considered.
Proposal 6: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, retransmission procedure and signaling should be enhanced to support retransmission of only partial slots from the TBoMS.
One potential method could be to support a time unit for a portion of the TBoMS which can be re-transmitted. Since configuration of the time unit could either be independently configured to the UE or could be possibly associated with other design factors such as TOT duration, RV, rate-matching, etc. In Figure 1 and Figure 2, two illustrations are shown for retransmissions of only portions of TBoMS for the two cases of single set of contiguous slots (one TOT) and multiple disjointed sets of contiguous slots (multiple TOTs). The main benefits of applying such methods is to allow retransmission of smaller portions instead of entire TBoMS and also with configuration/indication about portion size and/or number of portions, the retransmission overhead (indication bits) can be controlled to be not too large. The time unit of portions can be smaller or larger depending on the overall duration of TBoMS. For example, if the duration is not too long, then the portion can be equal to 1 slot and retransmission can be configured on slot basis. On the other hand, if the duration is too long, then the portion can be equal to some multiples of slots or even a single TOT and then retransmission can be configured accordingly.


Figure 1: Example for retransmission of shorter portions when TBoMS is applied, and only single TOT exists

Figure 2: Example for retransmission of shorter portions when TBoMS is applied, and multiple TOTs exist
Proposal 7: For PUSCH coverage enhancements in NR Rel-18 with TBoMS, if retransmission for duration shorter than the overall duration of TBoMS is supported, then implicit/explicit configuration of the portion (duration) should be supported with portion indication in the retransmission DCI. Exact duration of the portion can be as follows:
· Explicitly configured to the UE
· Implicitly determined by UE depending on the duration of TBoMS, number of TOTs, duration of TOTs 
5	Repetitions with TBoMS
Repetitions of TBoMS has been discussed by several companies and it is seen as an additional gain on top of single TB transmission over multiple slots. Depending on the number of slots over which single TB transmission is done, it might be reasonable to further apply repetition. For relatively smaller duration of TBoMS, having repetitions will provide additional gains. Based on this, we think that repetition with TBoMS can be supported. However, further restrictions could be discussed, if applying repetition can be dependent on the overall duration of TBoMS.
Proposal 8:  For PUSCH coverage enhancements in NR Rel-17 with TBoMS, repetitions of TBoMS should be further discussed.
If repetition of TBoMS is supported, then further details would entail:
· whether to support PUSCH repetition type-A or type-B or both
· how to handle indication of repetition factor along with indication of number of slots for TBoMS
In our view, TBoMS spans multiple slots and latency is not expected to be a key factor, therefore we don’t see a need to consider PUSCH repetition type B for TBoMS repetition. The issue of indication of repetition factor, we discuss in section 6 along with configuration/indication of TBoMS.
Proposal 9: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, if repetition of TBoMS is supported, then only PUSCH repetition type A should be considered

6	Configuration/Indication of TBoMS
Although PUSCH transmission with TBoMS has design features derived from PUSCH repetitions, however, this should be considered as an independent and new feature for PUSCH. Therefore, separate configuration of TBoMS should be supported to enable/disable TBoMS and to distinguish between configuration/indication of PUSCH repetitions and PUSCH transmission with TBoMS.
Proposal 10: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, semi-static and/or dynamic configuration of TBoMS feature for PUSCH should be supported, and independent from PUSCH repetition,
In RAN1#105-e [2], following agreement related to indication of number of slots for TBoMS has been made:
Agreement:
Number of slots allocated for TBoMS is determined by using a row index of a TDRA list, configured via RRC.
· FFS: details.
If PUSCH repetitions are not supported with TBoMS, then based on the agreement, the most straightforward method to indicate the number of slots from TDRA row index could be to utilize the repetition factor that can be included in the TRDA table. Basically, if TBoMS feature is enabled by RRC configuration, then UE is expected to utilize the repetition factor in the TDRA to determine number of slots for TBoMS.
Proposal 11: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, if PUSCH repetition is not allowed when TBoMS feature is enabled, then the repetition factor indicated by TDRA can utilized to indicate the number of slots for TBoMS PUSCH transmission.
However, if repetitions for TBoMS for PUSCH is supported, then both the indication of the number of slots for TBoMS and repetition factor will need to be supported. In this case, repetition factor in the TDRA table can be utilized only for one purpose, but not both. For this scenario, two possibilities can be considered:
· Introduce indication for number of slots for TBoMS in addition to repetition factor via TDRA row index
· Only support dynamic indication for number of slots for TBoMS via TDRA, but the repetition factor is indicated only via RRC configuration (based on Rel-15 indication)
Proposal 12: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, if PUSCH repetition is allowed when TBoMS feature is enabled, then following two methods can be considered to indicate the number of slots for TBoMS and repetition factor for TBoMS repetition:
· Introduce indication for number of slots for TBoMS in addition to repetition factor via TDRA row index
· Only support dynamic indication for number of slots for TBoMS via TDRA, but the repetition factor for TBoMS repetition is indicated only via RRC configuration

7	Conclusion
In this section, we summarize the observation/proposals from above section:
Proposal 1: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, the concept of a transmission occasion for TBoMS (TOT) should be specified, where a TOT constitutes of at least on slot or multiple consecutive physical slots for UL transmission.
Proposal 2: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, if TOT is specified, then it could be used for further design aspect including redundancy version, rate-matching, power control, partial retransmissions of TBoMS and others (if any).
Proposal 3: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, option 3 is adopted where a single RV is applied across entire TBoMS.
Proposal 4: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, if option 3 with single RV is adopted, then different starting points (to apply coded bits) from a single RV should be considered for different slots or TOTs.
Proposal 5: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, option a should be adopted for rate-matching i.e., the rate-matching is performed per slot basis. 
Proposal 6: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, retransmission procedure and signaling should be enhanced to support retransmission of only partial slots from the TBoMS.
Proposal 7: For PUSCH coverage enhancements in NR Rel-18 with TBoMS, if retransmission for duration shorter than the overall duration of TBoMS is supported, then implicit/explicit configuration of the portion (duration) should be supported with portion indication in the retransmission DCI. Exact duration of the portion can be as follows:
· Explicitly configured to the UE
· Implicitly determined by UE depending on the duration of TBoMS, number of TOTs, duration of TOTs 
Proposal 8:  For PUSCH coverage enhancements in NR Rel-17 with TBoMS, repetitions of TBoMS should be further discussed.
Proposal 9: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, if repetition of TBoMS is supported, then only PUSCH repetition type A should be considered
Proposal 10: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, semi-static and/or dynamic configuration of TBoMS feature for PUSCH should be supported, and independent from PUSCH repetition,
Proposal 11: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, if PUSCH repetition is not allowed when TBoMS feature is enabled, then the repetition factor indicated by TDRA can utilized to indicate the number of slots for TBoMS PUSCH transmission.
Proposal 12: For PUSCH coverage enhancements in NR Rel-17 with TBoMS, if PUSCH repetition is allowed when TBoMS feature is enabled, then following two methods can be considered to indicate the number of slots for TBoMS and repetition factor for TBoMS repetition:
· Introduce indication for number of slots for TBoMS in addition to repetition factor via TDRA row index
· Only support dynamic indication for number of slots for TBoMS via TDRA, but the repetition factor for TBoMS repetition is indicated only via RRC configuration
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