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Introduction
In RAN1#106-e meeting, several agreements and working assumptions were made regarding on TB processing over multi-slot PUSCH [1]. Following the previous discussion, we continue to discuss on specification of TB processing over multi-slot PUSCH. 
Following the previous discussion, we continue to discuss on mechanism to support TB processing over multi-slot PUSCH based on the agreements and working assumptions.

Rate-matching of TBoMS
In the last meeting, a working assumption was made that a TB is transmitted using a single RV. Then, one remaining determination point for rate-matching of TBoMS is whether the unit of bit interleaving for TBoMS is a slot or all of the allocated slots for a single TBoMS. Also, collision handling and UCI multiplexing are also related to the rate-matching issue. Thus, we discuss these aspects together in this section. 

1.1 Collision handling
It was agreed that 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 single TBoMS transmission [1]. In this regard, we discuss further details depending on the bit interleaving unit for TBoMS. 
When the unit of bit interleaving for TBoMS is per slot, if TBoMS transmission collides with other transmission/reception with higher priority, the TBoMS transmission can be omitted in the overlapped slot. In this regard, it is necessary to clarify the effect of TBoMS dropping on rate-matching. If the TBoMS dropping in a slot affects to the determination of rate-matched bits in other slot(s), it would increase the transmission complexity of the UE. In addition, if the determination of TBoMS dropping in a slot is not identical between the gNB and the UE, it may cause a problem in TBoMS reception. Therefore, it is desirable that the rate-matched bits in a specific slot is remained to be same regardless of whether the TBoMS is dropped or not. To this end, even if the actual TBoMS is not transmitted in a certain available slot, the UE should determine the rate-matched bits in the next slot assuming that the TBoMS is transmitted in that slot.
Similarly, when bit interleaving is performed over all of the allocated slots for TBoMS, whether some slot(s) of TBoMS is dropped or not should not affect determination on the size of rate-matched bits. For this operation, slot(s) where TBoMS transmission is dropped should be punctured for TBoMS transmission.

Proposal 1: Rate-matching procedure is performed based on available slots for TBoMS regardless of actual transmission of TBoMS in the available slots.

1.2 UCI multiplexing on TBoMS
During the PUSCH transmission, the UE behaviour in case of collision between PUSCH and PUCCH transmission depends on whether the PUCCH transmission is repeated or not. For the overlapping between PUSCH and PUCCH with repetitions, PUSCH transmission is dropped and PUCCH is transmitted in the overlapped slot(s). On the other hand, if PUSCH collides with PUCCH without repetition, UCI can be multiplexed to the PUSCH in the overlapped slot.
The same principle can be applied for TBoMS and PUCCH overlapping. When TBoMS is overlapped with PUCCH with repetitions, TBoMS transmission can be dropped and PUCCH transmission can be performed in the overlapped slot(s). On the other hand, when the PUCCH is transmitted without repetition, the UCI can be multiplexed in and transmitted to the TBoMS within the overlapped slot.
In case of aperiodic CSI, CSI transmission is multiplexed to the PUSCH transmission. When PUSCH repetition is applied, CSI is multiplexed in the first slot of the actual PUSCH transmission. Similar mechanism can be applied to aperiodic CSI multiplexing on TBoMS. If aperiodic CSI reporting is scheduled with TBoMS transmission, it can be multiplexed and transmitted in the first actual slot of the TBoMS transmission.

Proposal 2: In case of collision between TBoMS and PUCCH without repetition, UCI is multiplexed on the TBoMS in the overlapped slot. 
Proposal 3: Aperiodic CSI can be multiplexed on the TBoMS in the first actual slot of the TBoMS transmission.

· Timeline for UCI multiplexing
In order to determine whether UCI multiplexing is available or not, timeline requirements between the last symbol of the corresponding PDCCH/PDSCH and the first symbol of PUSCH transmission should be considered.
For the case that bit interleaving of TBoMS is performed over all of the allocated slots TBoMS, the rate-matched bit size varies depending on whether or not UCI multiplexing is performed to TBoMS. Even if UCI is multiplexed only in a specific slot, the composition of rate-matched bits in the entire TBoMS transmission slot is changed compared to the case in which UCI multiplexing is not performed. Therefore, in order to perform UCI multiplexing, it is necessary to determine whether to perform UCI multiplexing before the start of TBoMS transmission. That is, UCI multiplexing to the TBoMS is available when the interval between the first symbol of the TBoMS transmission and the corresponding PDCCH/PDSCH transmission satisfies the timeline requirements. Specifically, if the transmission of TBoMS and PUCCH overlaps in slot #n, the UE performs UCI multiplexing on TBoMS when the following requirements are satisfied as shown in Figure 1 (a).
· In case of A/N, UE receives corresponding PDSCH before ‘N1+1+d1,1 symbols before the first symbol of the TBoMS in the first slot allocated for the TBoMS’, where N1 is minimum processing time and d1,1 is processing time margin for PDSCH.
· In case of SR/periodic CSI,UE receives corresponding PDCCH before ‘N2+1+d2,1 symbols before the first symbol of the TBoMS in the first slot allocated of TBoMS’, where N2 is minimum processing time and d2,1 is processing time margin for PUSCH.
If the above conditions are not satisfied, the UE should drop the TBoMS transmission in slot #n and transmit the PUCCH.
On the other hand, when the unit of bit interleaving for TBoMS is per slot, whether or not UCI multiplexing is performed in a slot does not affect TBoMS transmission in the previous slot(s). Therefore, the UE can perform UCI multiplexing even if TBoMS transmission has already started or the symbol gap between the corresponding PDCCH/PDSCH and TBoMS transmission is not sufficient. In this case, when the interval between the first symbol of TBoMS transmission in the overlapped slot and the corresponding PDCCH/PDSCH transmission satisfies the timeline requirements, UCI multiplexing to TBoMS can be performed. That is, when transmission of TBoMS and PUCCH overlap in slot #n, the UE can multiplex UCI on TBoMS in slot #n when the following conditions are satisfied as shown in Figure 1 (b).
· In case of A/N, UE receives corresponding PDSCH before ‘N1+1+d1,1 symbols before the first symbol of TBoMS in the slot #n’, where N1 is minimum processing time and d1,1 is processing time margin for PDSCH.
· In case of SR/periodic CSI, UE receives corresponding PDCCH before ‘N2+1+d2,1 symbols before the first symbol of TBoMS in the slot #n’, where N2 is minimum processing time and d2,1 is processing time margin for PUSCH.
When performing this operation, the composition of rate-matched bits in the subsequent TBoMS transmission slot is changed according to whether UCI multiplexing is performed in slot #n. That is, it may be necessary to perform “on the fly” determination of transmitted bits in a specific TBoMS slot, which increases the transmission complexity of the UE. If the rate-matching size for each slot is to be determined in advance before the first TBoMS slot to prevent such complexity, whether or not to perform UCI multiplexing must be determined before the first slot for TBoMS transmission. In this case, the timeline for UCI multiplexing operation should be based on the first symbol of the first slot for TBoMS transmission, as when bit interleaving of TBoMS is performed for all TBoMS transmission slots.
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(a) Based on the first symbol of the TBoMS transmission 
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(b) Based on the first symbol of the TBoMS in the overlapped slot
Figure 1. Timeline requirements for UCI multiplexing on TBoMS

Proposal 4: Discuss timeline requirement for UCI multiplexing on TBoMS in slot #n based on a) the first symbol of  the first slot allocated for the TBoMS or b) the first symbol of the slot #n allocated for the TBoMS.

· UCI RE number determination
Another issue to be discussed for UCI multiplexing on TBoMS is the determination method for the UCI RE number. The formula for determining the UCI RE number is defined depending on the UCI type to be transmitted. For example, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as , is determined as follows.


According to the above equation, the number of REs for UCI transmission within the RE resource allocated for PUSCH in the UCI multiplexing slot is determined. In this case,  in the above equation means the number of symbols allocated for PUSCH in the slot. Unlike the legacy PUSCH transmission, since TBoMS transmission is performed based on multiple slots, it is necessary to clarify the meaning of . In our view, it seems clear to interpret   as the number of symbols of TBoMS in a corresponding slot, i.e., the value of L indicated by TDRA field in UL grant, in which UCI is multiplexed. 
Another part that needs modification is , which means the sum of the code block size for all code blocks. So  means the number of transmitted REs of PUSCH / the number of transmitted bits of PUSCH, which reflects the code rate of PUSCH. However, in the case of TBoMS transmission, since code blocks are transmitted over multiple slots,  does not correctly reflect the actual code rate of TBoMS. For this, it is possible to consider that the term  multiplexed by N, where N is the number of slots allocated for TBoMS.

Proposal 5:    is the number of symbols for TBoMS in a corresponding slot in which UCI is multiplexed for determination of the values of , , ,  and .
Proposal 6: To determine the values of , , ,  and ,  is multiplexed by N, where N is the number of slots allocated for TBoMS. 

1.3 The unit of bit interleaving for TBoMS
In our understanding, bit interleaving over the all of the allocated slots for TBoMS obtains benefits in terms of both transmission performance and specification impact perspectives. 
When bit interleaving for TBoMS is performed in units of slots, the rate-matching process needs to be performed multiple times in order to transmit one CB different from the legacy procedure. Also, as mentioned in section 2.1 above, when UCI multiplexing is performed in some slots, rate-matched bit sizes must be applied differently in these slots. Depending on the UCI multiplexing method, the configuration of bits transmitted in a specific slot may vary in real time, which leads high transmission complexity.
When one TB is segmented into multiple CBs, the issue becomes even more complicated. In the legacy TB processing procedure, channel coding and rate-matching processes are completed for each CB, and then CB concatenation and RE mapping procedure are performed. In order to perform bit interleaving for each slot, a significant change seems required in this TB processing procedure, whereas the existing TB processing procedure can be reused for bit interleaving over all of allocated slots for TBoMS.
Considering those aspects, for TBoMS transmission, it seems desirable to adopt bit interleaving over all of the allocated slots for TBoMS.

Proposal 7: For TBoMS transmission, adopt bit interleaving over all of the allocated slots for TBoMS.

Indication of TBoMS slot number and TBoMS enabling/disabling
According to the previous agreements, transmission of TBoMS is based on N available slots and the value of N is indicated by TDRA table. In this regard, it was discussed whether repurposed/enhanced or dedicated TDRA table should be used for TBoMS in the last meeting.

(a) Enhanced TDRA table 
The first option is to use an enhanced TDRA table. Since it was agreed to support the repetition of TBoMS in the last meeting, numberOfRepetitions in the TDRA table is preferably used to indicate the number of repetitions of TBoMS. In addition, a new column can be added to indicate the number of allocated slots in the TDRA table.
In this case, for dynamic enabling/disabling of TBoMS, 1 may be indicated as a value of N. So when N > 1, TBoMS can be enabled and the indicated N is applied, and when N = 1, TBoMS is disabled and PUSCH transmission based on single slot is performed. Alternatively, the value of N can always be configured to be greater than 1. In this case, TBoMS enabling/disabling should be indicated in the other field of DCI, and the indicated N is applied only when TBoMS is enabled. 

(b) Dedicated TDRA table 
As another method for the TDRA table of TBoMS, an additional TDRA table can be applied only to TBoMS transmission. In this case, two independent TDRA tables may be configured, and the table applied when TBoMS is enabled and disabled can be different. For the dedicated TDRA table, two parameters for the number of allocated slots for TBoMS and the number of TBoMS repetitions can be included.
In the case of using the dedicated TDRA table, in order to perform dynamic TBoMS enabling/disabling, TBoMS must be enabled/disabled through other fields in DCI. For example, when the value of K, which is a scaling factor of TB size, is explicitly indicated by DCI, it can be utilized to enable/disable TBoMS. 

Proposal 8: An independent field to indicate the number of allocated slots for TBoMS is included to the TDRA table.
Proposal 9: Support dynamic enabling/disabling of TBoMS transmission using explicit indication or implicit indication using the value of N or K.

Scaling factor K for TBS determination
To determine the TB size of TBoMS, it was agreed to support at least the scaling factor value K=N [1]. In addition, it is to be discussed whether further values 1 < K < N are supported or not.
When a TBoMS is allocated to N available slots, some of the N slots used for TBoMS transmission may be dropped and thus not actually used for TBoMS transmission. In this case, if K is always limited to be equal to N, a sufficiently effective code rate may not be obtained which leads failure for TBoMS transmission. Thus, it is necessary to support K < N so that the network can properly adjust the code rate, and to allow the network to set the value of K.
If only K = N is supported for TBoMS, explicit indication of K is not required. However, if K < N is supported in addition to K = N, K should be indicated independently and dynamically by DCI. 

Proposal 10: To calculate   for TBS determination, the scaling factor values of 1 <  < N are supported and the value of K is dynamically indicated by DCI.

TBoMS repetitions
It was agreed to support repetition of TBoMS in the last meeting [1]. To support repetition of TBoMS, the number of repetitions M can be dynamically indicated by TDRA table in DCI. If enhanced TDRA table is applied to TBoMS transmission, numberOfRepetitions may be reused to indicate the repetition number M for TBoMS. On the other hand, if dedicated TDRA table is adopted, independent parameter to indicate the value of M can be introduced.
In terms of candidate values of M, there is a restriction that MN is no more than the max number of repetitions agreed for PUSCH repetition Type A enhancement. Since the maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32 and N should be larger than 1, the supported values of M may be configured up to 16. Therefore, if the dedicated TDRA table is applied for TBoMS, the network can configure the values of M and N of the TDRA table properly so that the value of M×N does not exceed 32. However, when enhanced TDRA table is applied, the value of M×N may exceed 32 since the configured values of numberOfRepetitions can be larger than 16. In this case, it is necessary to discuss the handling method when the value of M×N exceeds 32.

Proposal 11: If enhanced TDRA table is applied for TBoMS transmission, numberOfRepetitions is reused to indicate the repetition number M for TBoMS, and the handling method when the value of M×N exceeds 32 is specified.
Proposal 12: If dedicated TDRA table is applied for TBoMS transmission, a parameter to indicate the value of M is included to the table, and the UE expects that the values of M and N are configured so that M×N does not exceed 32.

Conclusion
In this contribution, we provide our view on mechanism to support TB processing over multi-slot PUSCH. From the discussion, we obtained following proposals.
Rate-matching of TBoMS
Proposal 1: Rate-matching procedure is performed based on available slots for TBoMS regardless of actual transmission of TBoMS in the available slots.
Proposal 2: In case of collision between TBoMS and PUCCH without repetition, UCI is multiplexed on the TBoMS in the overlapped slot. 
Proposal 3: Aperiodic CSI can be multiplexed on the TBoMS in the first actual slot of the TBoMS transmission.
Proposal 4: Discuss timeline requirement for UCI multiplexing on TBoMS in slot #n based on a) the first symbol of  the first slot allocated for the TBoMS or b) the first symbol of the slot #n allocated for the TBoMS.
Proposal 5:    is the number of symbols for TBoMS in a corresponding slot in which UCI is multiplexed for determination of the values of , , ,  and .
Proposal 6: To determine the values of , , ,  and ,  is multiplexed by N, where N is the number of slots allocated for TBoMS. 
Proposal 7: For TBoMS transmission, adopt bit interleaving over all of the allocated slots for TBoMS.

Indication of TBoMS slot number and TBoMS enabling/disabling
Proposal 8: An independent field to indicate the number of allocated slots for TBoMS is included to the TDRA table.
Proposal 9: Support dynamic enabling/disabling of TBoMS transmission using explicit indication or implicit indication using the value of N or K.

Scaling factor K for TBS determination
Proposal 10: To calculate   for TBS determination, the scaling factor values of 1 <  < N are supported and the value of K is dynamically indicated by DCI.

TBoMS repetitions
Proposal 11: If enhanced TDRA table is applied for TBoMS transmission, numberOfRepetitions is reused to indicate the repetition number M for TBoMS, and the handling method when the value of M×N exceeds 32 is specified.
Proposal 12: If dedicated TDRA table is applied for TBoMS transmission, a parameter to indicate the value of M is included to the table, and the UE expects that the values of M and N are configured so that M×N does not exceed 32.

Reference
[1] RAN1 Chair’s Notes, RAN1 #106-e, e-Meeting, August 16th – 27th, 2021

Agreement in RAN1#106-e meeting [1]
	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
Allocating resources for TBoMS in the special slot in TDD is possible according to the agreed time domain resource determination for TBoMS.
· No further optimization to allocate resources for TBoMS in the special slot is supported.

Agreement
TBoMS is supported for both configured grant and dynamic grant.

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. 

Agreement 
To calculate   for TBS determination, at least the scaling factor value =N is supported, where N is the number of allocated slots for a single TBoMS.
FFS: whether further values 1<K<N are supported.
FFS: details related to the indication of .
Note: No supporting the case K=1 for a single TBoMS.

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. 

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

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.
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