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[bookmark: _Ref4817]Introduction
In the RAN1#104-e meeting, the enhancement methods for TBoMS were discussed, and the following agreements were achieved[1][2]: 
[bookmark: _Hlk63096048]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:
[bookmark: OLE_LINK4]One or two of the following approaches will be considered as a starting point to decide how 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.
In this contribution, we further discuss the potential enhancement methods and provide our views on TBoMS. 
TB processing over multi-slot PUSCH 
Time domain resource determination for TBoMS
· [bookmark: OLE_LINK2] Time domain resource pattern
For PUSCH type A repetition in Rel-15/16, the UE shall repeat the TB across the K consecutive slots applying the same symbol allocation in each slot. It would be further enhanced by the number of slots counted by the available UL slots in agenda 8.8.1.1. If collision happens in one slot due to DL/UL interaction, the repetition in this slot is omitted. For repetition type B, the nominal repetition can be back-to-back transmitted within one slot, and one nominal repetition could be segmented to multiple actual transmissions if the nominal repetition across slot boundary or colliding with invalid symbols. In general, PUSCH repetition type A is much simpler compared to PUSCH repetition type B. 
In the RAN1#104-e meeting, one or both of PUSCH repetition type A like TDRA and PUSCH repetition type B like TDRA has been agreed as starting point to design time domain resource determination of TBoMS. In our view, PUSCH repetition type B is mainly for low latency by allowing back-to-back transmissions in one slot. For coverage enhancement, PUSCH repetition type A like TDRA is sufficient and much simpler. As a result, we have the following proposal. 
Proposal 1: For time domain resource determination of TBoMS, PUSCH repetition type A like TDRA should be supported.  
The philosophy based on repetition type A could apply to not only TDRA but also other aspects such as determination of the number of slots, collision handling and UCI multiplexing etc. More detailed analysis is provided for time domain resource determination for TBoMS below. 
· Indication of the number of slots for TB processing over multiple slots
In Rel-16, dynamic repetition indication is supported for both repetition type A and repetition type B. An additional column is added in TDRA table to indicate the number of repetitions, and the time resource allocation field in DCI (for DG or type 2 CG) or by RRC (for type 1 CG) is used to indicate one row of the TDRA table. Similar rule could be used for dynamic indication of the number of slots for TB processing over multiple slots. As a result, we have the following proposal. 
Proposal 2: For TBoMS, the number of slots is jointly coded with the TDRA table. 
· Collision handling due to DL/UL interaction
For PUSCH type A repetition, the collision handling rules are summarized as follows according to [3]. From our perspective, the legacy rules for PUSCH repetition type A could be reused by replacing a repetition to a slot of the multiple slots for TB processing. New collision handling rules can be considered only if strong motivation is identified. 
	Summary of Rel-15 behavior
· For DG PUSCH and the first PUSCH after Type 2 CG activation DCI
· Regardless of whether dynamic SFI is configured or not, 
· The case without repetition: no conflict with semi-static DL symbol is expected.
· The case with repetitions: if a repetition conflicts with a semi-static DL symbol, the repetition is not transmitted.
· If dynamic SFI is configured,
· DG
· The case with and without repetition: follow the dynamic grant. No conflict with dynamic DL symbols is expected.
· The first PUSCH after Type 2 CG activation DCI
· The case with and without repetition: follow the activation DCI. No conflict with dynamic DL/flexible symbols is expected.
· For CG PUSCH (other than the first PUSCH after Type 2 CG activation DCI)
· If dynamic SFI is not configured, 
· The case with and without repetition: if a repetition conflicts with a semi-static DL symbol, the repetition is not transmitted.
· [bookmark: _Hlk18017386]If dynamic SFI is configured and received,
· [bookmark: _Hlk18017561]The case with and without repetition: if a repetition conflicts with a semi-static DL symbol or a dynamic DL/flexible symbol, the repetition is not transmitted.
· If dynamic SFI is configured and not received,
· The case with and without repetition: if a repetition conflicts with a semi-static DL/flexible symbol, the repetition is not transmitted. (there is some timeline defined.)




Proposal 3: For collision handling of TBoMS, legacy collision handling rules for PUSCH repetition type A could be reused by replacing a repetition to a slot of the multiple slots for TB processing. 
· Whether to support PUSCH repetition together with TB processing over multiple slots
[bookmark: OLE_LINK7]TB processing over multiples slots is beneficial for coverage enhancement due to using a lower coding rate for transmission. In LTE NB-IOT, TB processing is performed over a set of resource units, each of which can be repeated by several times in the time domain. Similar approach could be considered in NR. However, this should be further discussed considering it may cause more specification impacts. For instance, the RV pattern and repetition pattern should be defined.  
Proposal 4: Discuss whether to support PUSCH repetition together with TBoMS. 
FDRA for TBoMS 
The main motivation for TBoMS is to improve the coverage capability for cell-edge UE by obtaining low code rate with less number of RBs in the frequency domain, which could boost the PSD for cell-edge UE for better coverage. When TBoMS is enabled, there is no need to occupy a lager frequency domain resources to achieve even lower code rate thanks to the increased time domain resources from multiple slots. Thus, the maximum number of PRB in the frequency domain can be limited. As a results, some bits of FDRA field in DCI can be saved. As how to define the maximum number of PRBs, it could be further studied, e.g., whether it is a fixed value or it depends on the number of slots for TBoMS. 
Proposal 5: The maximum number of PRBs can be limited when TBoMS is enabled. 
·  FFS how to determine the maximum number of PRBs. 
TBS determination 
· [bookmark: OLE_LINK6]NInfo determination for TBoMS
[bookmark: OLE_LINK8][bookmark: OLE_LINK5]In RAN1#104-e, the following approaches were agreed as a starting point to decide how NInfo for TBoMS is calculated:
· 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

If PUSCH repetition type A like TDRA for TBoMS is adopt, then the number of REs is the same for each slot within multiple slots of TBoMS, and the total number of REs is also the same for both approaches when the value of K is equal to the number of slots for TBoMS. 
[bookmark: OLE_LINK18]If PUSCH repetition type B like TDRA for TBoMS is adopt, the number of REs may not be the same for each slot within multiple slots of TBoMS. The total number of REs determined by approach 1 could be more accurate than approach 2. In addition, approach 2 would require more specification efforts to determine the value of K. Thus, approach 1 is preferred. 
Proposal 7: Approach 1 is supported for determination of NInfo for TBoMS. 
· [bookmark: OLE_LINK15]NohPRB determination for TBoMS
[bookmark: OLE_LINK14]In Rel-15/16, NohPRB  is the overhead configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig. If the xOverhead in PDSCH-ServingCellconfig is not configured (a value from 6, 12, or 18), the NohPRB is set to 0. In RAN1#104-e, the following two options were agreed for further consideration to calculate NohPRB for TBoMS:
· [bookmark: OLE_LINK10][bookmark: OLE_LINK13]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. 
· [bookmark: OLE_LINK11]FFS: if xOverhead is separately configured from the one in Rel-15/16.
For Option 1, a new RRC parameter with some new values (larger than 18) can be introduced for TBoMS. The specification impact is very minor. For Option 2, one approach is to reuse the same RRC parameter as Rel-15/16, and the overall overhead for TBoMS is xOverhead*K, where K is the number of slots for TBoMS. However, it would have similar issue as discussed above for determination of NInfo. Alternatively, a new RRC parameter is introduced for each slot/repetition, and the overall overhead of TBoMS is the summation of the value configured in each slot. But, it cannot provide additional flexibility compared to Option 1 while requiring to introduce multiple RRC parameters. As a result, Option 1 is preferred by us. 
Proposal 8: Option 1 is supported for determination of NohPRB for TBoMS.
· [bookmark: OLE_LINK16]TBS limitation for TBoMS
[bookmark: OLE_LINK46]For TBoMS, TBS is determined based on multiple slots and transmitted over multiple slots. It has been agreed that the maximum supported TBS for TBoMS should not exceed legacy maximum supported TBS in Rel -15/6 for the same number of layers. A following-up question is how to limit the maximum TBS considering the number of REs could be used is K times of legacy. 
One simple way is to directly limit the maximum number of PRBs as discussed in section 2.2. However, it would need some cautious discussion to determine a specific maximum value. Another approach is to limit the maximum TBS by the conditions of date rate limitations DataRate and DataRateCC. 
Proposal 9: The maximum TBS can be limited by the conditions of date rate limitations DataRate and DataRateCC.
UCI multiplexing on PUSCH for TB processing
[bookmark: OLE_LINK59][bookmark: OLE_LINK55]When TBoMS is enabled, and UE also transmits UCI information during the one or more slots, which overlaps with the PUSCH transmission, the UCI multiplexing rules should be studied. 
In Rel-15/16, when a UE would multiplex UCI on PUSCH, the first symbol of the earliest PUCCH or PUSCH among a group of overlapping PUCCHs and PUSCHs in the slot should satisfy some timeline conditions. In case of PUSCH repetition, UCI multiplexing is performed per repetition basis. In case of PUCCH repetition, the overlapping PUSCH should be dropped. Similar for TBoMS, at least the following aspects need to be further discussed.
· Whether the timeline condition for UCI multiplexing on PUSCH is based on the first slot or the overlapped slot(s) for TBoMS PUSCH
· Whether the UCI should be multiplexed only on the overlapping slots for TBoMS PUSCH. 
· How to determine the number of resources for UCI multiplexing on TBoMS PUSCH.
[bookmark: OLE_LINK78][bookmark: OLE_LINK19][bookmark: OLE_LINK79]Proposal 10: Further discuss UCI multiplexing rules for TBoMS. 
Power control determination
In Rel-15/16, the PUSCH transmission power for a PUSCH transmission occasion depends on the total number of REs for the PUSCH with excluding DMRS and PTRS REs . 
When TBoMS is enabled, the TBS is determination based on multiple slots for TB processing. Similarly, the PUSCH transmission power determination should also be based on the total number of REs within multiple slots for TB processing excluding the overhead of reference signals. 
Proposal 11: For TBoMS, the transmission power determination should be based on the total number of REs within multiple slots for TB processing with excluding the overhead of reference signals. 
Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: For time domain resource determination of TBoMS, PUSCH repetition type A like TDRA should be supported.  
Proposal 2: For TBoMS, the number of slots is jointly coded with the TDRA table. 
Proposal 3: For collision handling of TBoMS, legacy collision handling rules for PUSCH repetition type A could be reused by replacing a repetition to a slot of the multiple slots for TB processing. 
Proposal 4: Discuss whether to support PUSCH repetition together with TBoMS. 
Proposal 5: The maximum number of PRBs can be limited when TBoMS is enabled. 
·  FFS how to determine the maximum number of PRBs. 
Proposal 7: Approach 1 is supported for determination of NInfo for TBoMS. 
Proposal 8: Option 1 is supported for determination of NohPRB for TBoMS.
Proposal 9: The maximum TBS can be limited by the conditions of date rate limitations DataRate and DataRateCC.
Proposal 10: Further discuss UCI multiplexing rules for TBoMS. 
Proposal 11: For TBoMS, the transmission power determination should be based on the total number of REs within multiple slots for TB processing with excluding the overhead of reference signals.
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