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Background
In RAN1#106-e meeting, several agreements were made for TBoMS. We discuss remaining issues for this meeting.
Single TBoMS structure
1.1. time domain resource for single TBoMS
In RAN1#106-e meeting [1], the following agreements were made for time domain resource of single TBoMS.
	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

Agreement
The UE determines whether or not to drop a slot determined as available for TBoMS transmission according to Rel-15/16 PUSCH dropping rules, where the dropped slot is still counted in the N allocated slots for the single TBoMS transmission.
FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)

Conclusion
The N allocated slots for the single TBoMS are defined as the number of slots after available slot determination for a single TBoMS transmission, before dropping rules are applied.
Note: the number of final transmitted slots for the single TBoMS may be lower than N, depending on dropping rules for TBoMS transmission.




According to the agreements above, for a single TBoMS, dropping rules as in Rel-15/16 are applied per-slot basis. In TS38.214 [2], for the dropping rules, reference to Clause 9, Clause 11.1 (including 11.1.1) and Clause 11.2A of TS38.213 [3] are made for repetition type-A.
	TS38.214V16.6.0 (2021-06)
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…
For PUSCH repetition Type A, a PUSCH transmission in a slot of a multi-slot PUSCH transmission is omitted according to the conditions in Clause 9, Clause 11.1 and Clause 11.2A of [6, TS38.213].



In Clause 9 of TS38.213 [3], UCI multiplexing rules as well as some dropping rules are specified. In some cases, UCI multiplexing rules are specified in conjunction with the dropping rules. For example, when a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of smaller priority index (as described in clauses 9.2.5/9.2.6) before applying a dropping rule as follows. 
	TS38.213V16.6.0 (2021-06)
9	UE procedure for reporting control information
…
When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes other than PUCCH transmissions with SL HARQ-ACK reports before considering limitations for UE transmission as described in clause 11.1, including repetitions if any, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of smaller priority index as described in clauses 9.2.5 and 9.2.6. Then, 
-	if a transmission of a first PUCCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of a transmission of a second PUSCH or a second PUCCH of smaller priority index, the UE cancels the repetition of a transmission of the second PUSCH or the second PUCCH before the first symbol that would overlap with the first PUCCH transmission
-	if a transmission of a first PUSCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of the transmission of a second PUCCH of smaller priority index, the UE cancels the repetition of the transmission of the second PUCCH before the first symbol that would overlap with the first PUSCH transmission
where 
-	…



If RAN1 decides UCI multiplexing per TBoMS, the above dropping rule would be impacted. Further, RAN1 needs to check all other paragraphs for UCI multiplexing/collision handling specified in clauses 9 and 11 of TS38.213 for potential specification updates. On the other hand, as discussed in [2], there seems no technical benefit for applying UCI multiplexing per TBoMS. Therefore, in terms of technical benefit and potential specification impact, UCI multiplexing per slot is preferred.
Proposal 1: UCI multiplexing is performed per slot. 
1.2. Rate-matching for single TBoMS
In RAN1#106-e meeting [1], the following agreements were made for rate-matching of 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. 

Conclusion
Bit interleaving performed per ToT is precluded, and ToT will not be used in further discussion.




If rate-matching is performed per single TBoMS, error propagation occurs over the single TBoMS when the UE mis-understood the number of UCI bits to be multiplexed. For example, when the UE determined that 3 bits of HARQ-ACK to be multiplexed to the single TBoMS but the gNB intends 4 bits to be multiplexed (e.g., such situation will occur when the UE miss-detected the last DCI), coded bit mapping in whole single TBoMS will be miss-aligned between gNB and UE. The issue can be solved by decoupling coded bit mapping procedure into each slot. For example, it is possible that reading the circular buffer for nth slot in the single TBoMS starting at the kth position where the kth position can is determined by the position of last coded bits read from the circular buffer for (n-1)th slot assuming no UCI multiplexed. 
Proposal 2: Rate-matching is performed per slot.
Proposal 3: Starting position k for reading the circular buffer for nth slot should be determined by the position of last coded bits read from the circular buffer for (n-1)th slot assuming no UCI multiplexed.
Repetition of TBoMS
In RAN1#106-e meeting [1], the following agreement was made for TBoMS repetition.
	Agreement
Repetitions of a single TBoMS are supported, where:
· The number of configured repetitions is denoted by M, i.e., the total number of allocated slots for TBoMS repetition is M*N.
· Note: M*N is no more than the max number of repetitions agreed for repetition Type A enhancement in agenda 8.8.1.1
· Available slot determination is according to existing agreements.
· The number and location of allocated symbols within an allocated slot for TBoMS transmission are the same among all repeated single TBoMS.
· FFS other aspects of TBoMS repetitions, e.g.:
· Details of time domain resource indication.
· Supported values for the number of TBoMS repetitions.
· How to indicate the number of TBoMS repetitions.
· Interactions with frequency hopping and precoder cycling across the M groups of N allocated slots for each single TBoMS repetition.
· Whether RV indices should be cycled across the M groups of N allocated slots for each single TBoMS repetition.
· Details of TBoMS retransmissions.
· Potential MAC layer impact, but should be decided by RAN2
Note: No additional dropping rule optimization will be introduced other than dropping rules for single TBoMS transmission. 
 



1.3. Time domain resource indication
Time domain resource indication for TBoMS repetition can be obtained by applying counting based on available slots of counting M*N slots. Further, time domain resource for mth (m=0,…M-1) single TBoMS in TBoMS repetition can be comprised of ((m-1)*N)th available slot to (m*N-1)th available slot identified by counting based on available slots.
Proposal 4: Time domain resource for mth (m=0,…M-1) single TBoMS in TBoMS repetition is comprised of ((m-1)*N)th available slot to (m*N-1)th available slot where the available slots are identified by counting based on available slots.
For indication of values, indicating M and N separately would be simple.
Proposal 5: M and N are configured by separate parameters.
1.4. Interactions with frequency hopping and precoder cycling
By default, inter-/intra-slot frequency hopping as in Rel-16 can be applied to a single TBoMS and TBoMS repetition. Enhanced frequency hopping and enhanced precoder cycling can be supported when time domain window is configured with TBoMS.
Proposal 6: Inter-/intra-slot frequency hopping as in Rel-16 is supported for a single TBoMS and TBoMS repetition.
1.5. RV cycling
Given that a single RV allocation is supported for a single TBoMS, RV cycling over TBoMS repetition would be beneficial at least for a case where the number of coded bits for a TB is larger than the number of available bits per TBoMS. Therefore, we support,
Proposal 7: RV cycling over TBoMS repetition is supported.
1.6. Potential MAC layer impact
In TS38.321, the HARQ entity invokes a same HARQ process “REPETITION_NUMBER” times for transmission where the “REPETITION_NUMBER” corresponds to the number of transmission occasions for repetition type-A. Therefore, each invocation of the same HARQ process corresponds to a transmission occasion. When invoked, the HARQ process instructs the physical layer to generate a transmission according to the uplink grant. 
	TS38.321V16.5.0 (2021-06)
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…
The maximum number of transmissions of a TB within a bundle of the dynamic grant or configured grant is given by REPETITION_NUMBER as follows:
-	For a dynamic grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.1 of TS 38.214 [7];
-	For a configured grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.3 of TS 38.214 [7].
If REPETITION_NUMBER > 1, after the first transmission within a bundle, at most REPETITION_NUMBER – 1 HARQ retransmissions follow within the bundle. For both dynamic grant and configured uplink grant, bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle, HARQ retransmissions are triggered without waiting for feedback from previous transmission according to REPETITION_NUMBER for a dynamic grant or configured uplink grant unless they are terminated as specified in clause 6.1 of TS 38.214 [7]. Each transmission within a bundle is a separate uplink grant delivered to the HARQ entity.




Then, the physical layer provides services including encoding and channel generation per instruction. In that sense, it is understood that, per instruction, the physical layer provides encoding process of UL-SCH transport block and channel generation process specified in TS38.212 and TS38.211. Therefore, in our understanding, NR specification implies that encoding process in TS38.212 and channel generation process in TS38.211 is tied to a transmission occasion. When drafting the specification, we can consider this implication.
Observation 1: NR specification implies that encoding process in TS38.212 and channel generation process in TS38.211 is tied to a transmission occasion.
Then, returning to TBoMS structure, it is preferred that rate-matching in the encoding process maintains per-transmission occasion basis. When we investigate the specification, our understanding is that the definition of the number of available bits G can be kept as the number of available bits for a slot as in Rel-16. Only the required change can be determination process of the starting position k0 per slot.
Observation 2: The definition of the number of available bits G can be the number of available bits for a single transmission occasion as in Rel-16.
	TS38.212V16.6.0 (2021-06)
5.4.2.1	Bit selection
…






Denote by  the redundancy version number for this transmission ( = 0, 1, 2 or 3), the rate matching output bit sequence , , is generated as follows, where  is given by Table 5.4.2.1-2 according to the value of  and LDPC base graph: 

;

;

while 

if 

;

;
end if

;
end while




Specification impact
We share our view on potential specification impact for TBoMS. In our view, the term transmission occasion in TS38.214 can be kept as is. Therefore, specification change for TS38.214 could be minimized. In our view, specifying that the number of transmission occasions counted based on available slots are M*N would be enough.
On the other hand, specification change is expected for the starting position determination of the circular buffer in TS38.212. Our text proposal is as follows.
	TS38.212V16.6.0 (2021-06)
5.4.2.1	Bit selection
…





Denote by  the redundancy version number for this transmission ( = 0, 1, 2 or 3), the rate matching output bit sequence , , is generated as follows, where  is given by Table 5.4.2.1-2 according to the value of  and LDPC base graph: 
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end while
Table 5.4.2.1-2: Starting position of different redundancy versions, 
	

	

	
	LDPC base graph 1
	LDPC base graph 2

	0
	

	


	1
	

	


	2
	

	


	3
	

	




For mth transmission occasion in a single TBoMS transmission,  is determined by  where  is determined as  with G being the total number of coded bits available for transmission of the transport block for any transmission occasion assuming no UCI multiplexed. Otherwise, .



RRC parameters
In the post e-meeting discussion in [Post-106-e-Rel17-RRC-08], potential RRC parameter list for CovEnh from RAN1 perspective has been discussed. In the discussion, whether to introduce separate TDRA table for TBoMS and repetition type-A enhancement has been discussed.
Separate tables are not necessary since most of the parameters can be reused from those for repetition type-A (K2, SLIV, repetition factor, etc). Therefore, TBoMS-specific configuration (e.g., numberOfSlotsTBoMS-r17) can be inserted into Rel-17 TDRA table (i.e., PUSCH-TimeDomainResourceAllocation-r17).
Proposal 8: TBoMS-specific configuration (e.g., numberOfSlotsTBoMS-r17) can be inserted into Rel-17 TDRA table (i.e., PUSCH-TimeDomainResourceAllocation-r17).
Conclusion
In this contribution, we have the following observations:
Observation 1: NR specification implies that encoding process in TS38.212 and channel generation process in TS38.211 is tied to a transmission occasion.
Observation 2: The definition of the number of available bits G can be the number of available bits for a single transmission occasion as in Rel-16.
[bookmark: _GoBack]In this contribution, we have the following proposals:
Proposal 1: UCI multiplexing is performed per slot.
Proposal 2: Rate-matching is performed per slot.
Proposal 3: Starting position k for reading the circular buffer for nth slot should be determined by the position of last coded bits read from the circular buffer for (n-1)th slot assuming no UCI multiplexed.
Proposal 4: Time domain resource for mth (m=0,…M-1) single TBoMS in TBoMS repetition is comprised of ((m-1)*N)th available slot to (m*N-1)th available slot where the available slots are identified by counting based on available slots.
Proposal 5: M and N are configured by separate parameters.
Proposal 6: Inter-/intra-slot frequency hopping as in Rel-16 is supported for a single TBoMS and TBoMS repetition.
Proposal 7: RV cycling over TBoMS repetition is supported.
Proposal 8: TBoMS-specific configuration (e.g., numberOfSlotsTBoMS-r17) can be inserted into Rel-17 TDRA table (i.e., PUSCH-TimeDomainResourceAllocation-r17).
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