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Discussion
1      Introduction
In RAN #90 e-meeting, a new Rel-17 work item on NR coverage enhancements was approved [1] and was revised in [2]. The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD. The objectives include TB processing over multi-slot PUSCH.

· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]

· TBS determined based on multiple slots and transmitted over multiple slots. 

At RAN1#104e, following agreements have been achieved:

Agreement:
· Consider one or two of the following options as starting points to design time domain resource determination of TBoMS

· PUSCH repetition type A like TDRA, i.e., the number of allocated symbols is the same in each slot.

· PUSCH repetition type B like TDRA, i.e., the number of allocated symbols in each slot can be different

Agreement:

· The same number of PRBs per symbol is allocated across slots for TBoMS transmission.

Agreements:

· 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

Agreements:

For TBoMS, the maximum supported TBS should not exceed legacy maximum supported TBS in Rel-15/16, for the same number of layers. 
· FFS: Details and further constraints on the applicability of TBoMS.
Agreements:

One or two of the following approaches will be considered as a starting point to decide how QUOTE ,N-info.  NInfo for TBoMS is calculated (aiming for down selection in RAN1 #104-bis-e):

· Approach 1: Based on all REs determined across the symbols or slots (FFS whether symbols or slots are used) over which the TBoMS transmission is allocated

· Approach 2: Based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K≥1.

· FFS: the definition of K

Note: L is the number of symbols determined using the SLIV of PUSCH indicated via TDRA
FFS: impacts and further details if repetitions of TBoMS is supported.

FFS: whether the symbols over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed, and details on how to handle such scenarios.

Agreements:

One or two of the following options will be considered (aiming for down-selection in RAN1#104b-e) to calculate NohPRB for TBoMS:
· Option 1: NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated and can be configured by xOverhead as in Rel-15/16.
· Option 2: NohPRB is calculated depending on both xOverhead and the number of symbols or slots (FFS whether symbol or slot are used) over which the TBoMS transmission is allocated.
· FFS: if either the number of symbols or the number of slots is used. 
· FFS: if xOverhead is separately configured from the one in Rel-15/16.
FFS: impacts and further details if repetitions of TBoMS is supported.

FFS: whether the symbols allocated over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed.
This contribution present our views on the relevant issues on TB processing over multi-slot PUSCH.
2      Discussion
There are following two options for TBoMS:
· Option 1: TBS is determined based on multiple slots and RV cycling is adopted for each slot.

· Option 2: TBS is determined based on multiple slots and different segment is transmitted in each slot.
For option 1, TBS is determined based on multiple slots and different RV version is transmitted in each slot. Transmission in each slot is self-decodable. This option is similar with LTE TTI bundling. For option 2, TBS is determined based on multiple slots and different segment is transmitted in each slot. No RV cycling is adopted. Transmission in each slot is not self-decodable. Option 2 can achieve better performance than option 1. Thus we propose option 2 is supported in Rel-17.
Proposal 1: For TBoMS, TBS is determined based on multiple slots and different segment is transmitted in each slot.
The benefit of TB processing over multi-slot PUSCH is to achieve higher coding gain as well as lower overhead. It does not restrict the operation to consecutive slots only. In this sense, UEs operated in TDD spectrum can also benefit from TB processing over multi-slot PUSCH [3]. In last meeting, it was discussed whether to support non-consecutive physical slots for UL transmission for TBoMS for unpaired spectrum intensively. But unfortunately, it was not agreed in the last minute. From our perspective, one of the most important benefits of TBoMS is that it can be applied to the case of non-consecutive slots for TDD. Otherwise, operators may lose interests in TBoMS. Thus, non-consecutive physical slots for UL transmission for TBoMS should be supported for unpaired spectrum.
Proposal 2: Non-consecutive physical slots for UL transmission for TBoMS should be supported for unpaired spectrum.
For coverage enhancement, one of the principles is to maximize the amount of time a UE can transmit continuously at maximum power. In this sense, it is necessary to include any UL resource in time domain for PUSCH transmission. For instance, for the TDD frame structure DDDSUDDSUU with special slot configuration {D:G:U = 10:2:2}, if the UL symbols in the special slots can be used for PUSCH transmission, the potential gain can be approximately 9.5%. Thus, for TBoMS, the special slots should be utilized for UL transmission.
Proposal 3: For TBoMS, the special slots for unpaired spectrum should be utilized for UL transmission.

In last RAN1 meeting, the following agreements have been reached. 
Agreement:
· Consider one or two of the following options as starting points to design time domain resource determination of TBoMS

· PUSCH repetition type A like TDRA, i.e., the number of allocated symbols is the same in each slot.

· PUSCH repetition type B like TDRA, i.e., the number of allocated symbols in each slot can be different

We are not sure whether the special slot can be utilized for PUSCH repetition type A like TDRA. If the special slot cannot be utilized for PUSCH repetition type A like TDRA, PUSCH repetition type B like TDRA is preferred. If the special slot can be utilized for PUSCH repetition type A like TDRA, then it’s better to make it clearer. We have following proposal.
Proposal 4: Down select on the following options for the time domain resource determination of TBoMS.

· Option 1: PUSCH repetition type A like TDRA, i.e., the number of allocated symbols is the same in each slot, for normal slots. FFS: TDRA for special slots.

· Option 2: PUSCH repetition type B like TDRA, i.e., the number of allocated symbols in each slot can be different.
For TBS calculation, there are two options:

· Approach 1: Based on all REs determined across the symbols or slots (FFS whether symbols or slots are used) over which the TBoMS transmission is allocated

· Approach 2: Based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K≥1.
· FFS: the definition of K
· Note: L is the number of symbols determined using the SLIV of PUSCH indicated via TDRA
TBS calculation depends on the time domain resource. Approach 1 can be applicable to either PUSCH repetition type A like TDRA or PUSCH repetition type B like TDRA, while it seems Approach 2 is more suitable for PUSCH repetition type A like TDRA. In addition, Approach 2 cannot be applicable to special slots. All in all, Approach 1 is more accurate for TBS calculation than Approach 2.
Proposal 5: For TBS calculation, NInfo for TBoMS is calculated Based on all REs determined across the symbols or slots over which the TBoMS transmission is allocated.
The relationship between TBoMS and PUSCH repetitions was mentioned in several contributions in last meeting. Whether repetition should be supported on top of TBoMS depends on the number of aggregated slots for TBoMS. The motivation of introduction of TBoMS is that TBoMS can outperform PUSCH repetition over the same number of slots. If the number of aggregated slots for TBoMS is much smaller than PUSCH repetition, repetition on top of TBoMS should be supported, otherwise the performance of TBoMS would be worse than PUSCH repetition. Maximum 16 repetitions is supported in Rel-16 and this number will further be increased in Rel-17, e.g., 32. We have following proposal.
Proposal 6: Down selection on the following options for TBoMS:
· Option 1: The maximum number of aggregated slots for TBoMS is the same as the maximum number of repetition for PUSCH repetition type A in Rel-17.

· Option 2: PUSCH repetition on top of TBoMS is supported in Rel-17.

Similar with PUSCH repetition type A, the number of aggregated slots for TBoMS can be semi-statically configured by RRC or dynamically indicated by DCI. For FDD, the candidate number of aggregated slots can be {2, 4, 8}. For TDD, the same values as FDD can be used or the number of aggregated slots can be determined based on TDD frame structure. For instance, for TDD frame structure DDDSUDDSUU, 3 slots can be aggregated for TB processing within 5ms. For UE supporting TBoMS, the interaction between TBoMS and single slot transmission should be considered. If the number of aggregated slots for TBoMS can be dynamically indicated by DCI, then dynamic switching between TBoMS and single slot transmission can easily be supported. Whether UE should transmit PUSCH based on TBoMS or single slot transmission can be differentiated by the indication of number of slots for transmission. If the number of aggregated slots for TBoMS is semi-statically configured by RRC, explicit indication, e.g., introducing a new field in DCI, or implicit indication, e.g., based on RB/MCS allocation/indication can be considered. However, more standardization efforts are needed. Thus, we propose: 
Proposal 7: The number of aggregated slots for TBoMS can be semi-statically configured by RRC and dynamically indicated by DCI. Dynamic switching between TBoMS and single slot transmission can be differentiated by the indication of number of slots in DCI.
3      Conclusions
In this contribution, we discussed on TB processing over multi-slot PUSCH and have following proposals:
Proposal 1: For TBoMS, TBS is determined based on multiple slots and different segment is transmitted in each slot.
Proposal 2: Non-consecutive physical slots for UL transmission for TBoMS should be supported for unpaired spectrum.
Proposal 3: For TBoMS, the special slots for unpaired spectrum should be utilized for UL transmission.

Proposal 4: Down select on the following options for the time domain resource determination of TBoMS.

· Option 1: PUSCH repetition type A like TDRA, i.e., the number of allocated symbols is the same in each slot, for normal slots. FFS: TDRA for special slots.

· Option 2: PUSCH repetition type B like TDRA, i.e., the number of allocated symbols in each slot can be different.

Proposal 5: For TBS calculation, NInfo for TBoMS is calculated Based on all REs determined across the symbols or slots over which the TBoMS transmission is allocated.
Proposal 6: Down selection on the following options for TBoMS:

· Option 1: The maximum number of aggregated slots for TBoMS is the same as the maximum number of repetition for PUSCH repetition type A in Rel-17.

· Option 2: PUSCH repetition on top of TBoMS is supported in Rel-17.

Proposal 7: The number of aggregated slots for TBoMS can be semi-statically configured by RRC and dynamically indicated by DCI. Dynamic switching between TBoMS and single slot transmission can be differentiated by the indication of number of slots in DCI.
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