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Introduction
In RAN1#106bis-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. 

Rate-matching of TBoMS
In the last meeting, a working assumption was made that bit interleaving for TBoMS transmission is performed per slot, and that TBoMS supports only single CB transmission. In this regard, two options has been made on the determination of coded bits transmitted in each slot during TBoMS transmission. In this section, we provide our view on the remaining issues related to TBoMS rate-matching.

1.1 Starting bit determination for rate-matching
To determine the starting bit in each slot of a TBoMS transmission, the following two options are to be discussed in this meeting. 
· Option B: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot.
· Option C: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot, regardless of whether UCI multiplexing occurred in the previous allocated slot or not.

Performance impacts of UCI multiplexing

In the case of Option C, performance degradation may occur due to the issue of loss of systematic bits due to UCI multiplexing.
In general, since TBoMS transmission will be used in an environment that requires enhanced UL coverage, it is necessary to allocate many resources for UCI multiplexing in order to increase UCI transmission coverage when multiplexing UCI on TBoMS. Therefore, it can be expected that a large number of REs are used for UCI transmission. In this case, the loss of many systematic bits may occur due to UCI multiplexing, which may result in performance degradation compared to Option B.
In this regard, we obtained the performance of Option B and Option C according to UCI multiplexing. In this evaluation, it was assumed that a TBoMS is allocated in 4 PRBs in frequency domain and 4 slots in time domain, the rvid value indicated by DCI is 0, and UCI is multiplexed in the first slot allocated for the TBoMS transmission. Detailed evaluation assumptions are summarized in Table 1 in Annex.
Figure 1 shows the performance results of Option B and Option C with UCI multiplexing when TBoMS is transmitted without repetition (i.e., M=1) for (a) MCS index 6 and (b) MCS index 9. Each graph shows the BLER performance when UCI is multiplexed using 2, 4, and 9 symbols within the first slot of the TBoMS transmission.
According to the evaluation result, when the number of symbols used for UCI transmission is 2, the performance gap between Option B and C is about 0.3 dB in both the case of MCS 6 and 9. When the number of symbols used for UCI transmission becomes 4, the performance gap between two options widens to about 0.5dB and 1.1dB for MCS 6 and 9 respectively. When 9 symbols are used for UCI transmission, the performance gap of about 0.7dB is observed for MCS 6. For MCS 9, TBoMS transmission with Option C is not performed properly when 9 symbols are used for UCI multiplexing, thus the performance gap between two options becomes infinite. Overall, as the MCS increases and the amount of resources used for UCI multiplexing increases, it can be seen that Option B obtains better performance than Option C.
Figure 2 in Annex shows the performance of Option B and C when TBoMS is transmitted with 2 repetitions (i.e., M=2). Through repetitions of TBoMS, the performance degradation of Option C can be overcome, but the use of more resources is required for this.
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(a) MCS 6                                                                           (b) MCS 9
Figure 1. TBoMS performance with UCI multiplexing for Option B and C (M = 1)

Observation 1: Performance of Option C is degraded compared to Option B when UCI is multiplexed on TBoMS transmission. The performance gap between Option B and Option C becomes significant as the MCS increases and UCI multiplexing resource increases. 

In the case of Option B, there is a problem that an error propagation issue may occur when the number of bits for HARQ A/N transmission is incorrectly determined. If the current UCI multiplexing mechanism is applied as it is, it seems difficult to avoid such a problem in the case of CG-TBoMS transmission. However, in the case of DG-TBoMS transmission, it is possible to avoid erroneously determining the number of bits for HARQ A/N transmission by using the DAI field included in the UL grant. Therefore, such an error propagation issue is not expected for A/N multiplexing on DG-TBoMS transmission.

Observation 2: In case of Option B, error propagation issue can be occurred for CG-TBoMS transmission but it is not expected for DG-TBoMS transmission. 


Expected specification support for Option B and C

In Option B, in order to determine the starting coded bit in each slot before the start of TBoMS transmission, the existing timeline requirement for UCI multiplexing on PUSCH needs to be modified.
In order to transmit A/N in multiplexing on PUSCH in slot #n, the last symbol of the corresponding PDSCH needs to be received before N1+1+d1,1 symbols ahead of the first symbol of the PUSCH in the slot #n. To multiplex A/N on TBoMS in Option B, this timeline requirement can be modified so that the minimum gap between last symbol of the corresponding PDSCH and the start symbol of the TBoMS transmission is N1+1+d1,1 symbols.
Alternatively, in order to determine the starting coded bit in each slot before the start of TBoMS transmission, the determination of the number of A/N bits should be completed prior to the start of the TBoMS transmission. Therefore, it is necessary to receive the last symbol of the corresponding DL grant before the X symbols ahead of the first symbol of the TBoMS transmission.

Proposal 1: To apply Option B, timeline requirement for A/N multiplexing on TBoMS needs to be modified so that it can be determined whether or not to transmit UCI before the start of TBoMS transmission.

In order to apply Option C, it is necessary to make an effort to minimize the performance degradation issue. For one thing, it is considerable to minimize the problem of performance degradation caused by the loss of systematic bits by multiplexing A-CSI on TBoMS. When A-CSI is multiplexed in the first slot of TBoMS, systematic bits to be transmitted may be omitted in many cases and experience performance degradation due to the A-CSI multiplexing compared to Option B. 
The reason for applying Option C even though Option C may experience performance degradation due to UCI multiplexing is to keep the existing UCI multiplexing timeline and to reduce problems caused by misjudging of UCI multiplexing by fixing the starting bit of each slot regardless of UCI multiplexing. However, in the case of A-CSI multiplexing, this problem does not occur because there are no timeline issue and ambiguity issue. Therefore, when determining the starting bit in each slot of TBoMS transmission, at least A-CSI transmission can be considered. In other word, it is necessary to determine the starting bit of each slot based on the number of TBoMS transmission REs except for A-CSI multiplexing. Through this, the issue of performance degradation due to the loss of systematic bits can be prevented. Alternatively, the performance issue may be minimized by determining the starting bit of each slot without considering A-CSI transmission, but transmitting the A-CSI in the last slot of a TBoMS slot.

Proposal 2: To apply Option C, it is necessary to consider aperiodic CSI multiplexing to determine the starting coded bit in each slot of TBoMS transmission.

1.2 Single CB transmission
Regarding the limitation of TBoMS transmission to one CB only, it seems that clarification is needed on how to limit the TBoMS to be transmitted only to a single CB.
Basically, it can be considered that the transmission TB size of TBoMS has a value in a range where CB segmentation does not occur by proper configuration of the network. That is, the UE can expect that the obtained TB size of the TBoMS by the network configuration is within the range in which only a single CB is transmitted.
Meanwhile, to calculate the value of Ninfo for TBoMS, Ninfo determined on the basis of one slot is scaled by the allocated slot number N of the TBS. Then, the granularity of the configurable TB size becomes larger than that of the existing single slot based PUSCH transmission. Due to this, the maximum TB size that can be applied for TBoMS transmission may not meet the TB size where CB segmentation actually occurs. For example, if a TBoMS is transmitted using 4 RBs and 4 slots where 12 symbols per slot except DMRS symbols are used for TBoMS transmission, the maximum TBS that can be configured for TBoMS transmission is 3368. This is a value smaller by 456 than 3824, which is the maximum TB size configurable for single CB transmission in single slot based PUSCH transmission. In order to maximize the benefit of TBoMS obtained by increasing the TB size, it can be considered to support TB size up to 3824. To this end, the network can configure TBoMS transmission so that the calculated value of Ninfo is larger than 3824. In this case, the UE can assume the value of Ninfo to be 3824 rather than the calculated value. 

Proposal 3: Discuss the UE behavior when the calculated TBS exceeds the maximum TBS for single CB transmission. 

UCI multiplexing on TBoMS
This section discusses specification support required to perform UCI multiplexing with TBoMS transmission.

1.3 UCI multiplexing slot
In case of Rel-15/16 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.

Proposal 4: In case of collision between TBoMS and PUCCH without repetition, UCI is multiplexed on the TBoMS in the overlapped slot. 

In case of aperiodic CSI transmission, it is multiplexed and transmitted in the slot resource in which the PUSCH is transmitted. When the PUSCH is repeated in multiple slots, aperiodic CSI is multiplexed in the first allocated slot for the PUSCH repetitions. 
By applying the same mechanism, if aperiodic CSI reporting is indicated with TBoMS transmission, CSI can be multiplexed and transmitted within the TBoMS transmission resource. In the case of TBoMS repetitions, aperiodic CSI can be multiplexed and transmitted in the first TBoMS repetition among M repetitions. 
At this time, since transmission of a single TBoMS consists of multiple slots, it is necessary to clarify in which slot the aperiodic CSI is multiplexed. The most natural way is to multiplex in the first allocated slot of the TBoMS transmission. Otherwise, to handle the performance degradation issue of Option C, aperiodic CSI can be multiplexed in the last allocated slot of the TBoMS.

Proposal 5: In case of aperiodic CSI reporting with TBoMS transmission, it is necessary to clarify the location of the slot resource for aperiodic CSI multiplexing among the N allocated slots of TBoMS.

1.4 UCI RE number determination
Another issue to be discussed for UCI multiplexing on TBoMS is determination of 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 6:    is the number of symbols for TBoMS in a corresponding slot in which UCI is multiplexed for determination of the values of , , ,  and .
Proposal 7: To determine the values of , , ,  and ,  is multiplexed by N, where N is the number of slots allocated for TBoMS. 

Conclusion
In this contribution, we provide our view on mechanism to support TB processing over multi-slot PUSCH. From the discussion, we obtained following observations and proposals.

Observation 1: Performance of Option C is degraded compared to Option B when UCI is multiplexed on TBoMS transmission. The performance gap between Option B and Option C becomes significant as the MCS increases and UCI multiplexing resource increases. 
Observation 2: In case of Option B, error propagation issue can be occurred for CG-TBoMS transmission but it is not expected for DG-TBoMS transmission. 

Proposal 1: To apply Option B, timeline requirement for A/N multiplexing on TBoMS needs to be modified so that it can be determined whether or not to transmit UCI before the start of TBoMS transmission.
Proposal 2: To apply Option C, it is necessary to consider aperiodic CSI multiplexing to determine the starting coded bit in each slot of TBoMS transmission.
Proposal 3: Discuss the UE behavior when the calculated TBS exceeds the maximum TBS for single CB transmission. 
Proposal 4: In case of collision between TBoMS and PUCCH without repetition, UCI is multiplexed on the TBoMS in the overlapped slot. 
Proposal 5: In case of aperiodic CSI reporting with TBoMS transmission, it is necessary to clarify the location of the slot resource for aperiodic CSI multiplexing among the N allocated slots of TBoMS.
Proposal 6:    is the number of symbols for TBoMS in a corresponding slot in which UCI is multiplexed for determination of the values of , , ,  and .
Proposal 7: To determine the values of , , ,  and ,  is multiplexed by N, where N is the number of slots allocated for TBoMS. 

Reference
[1] RAN1 Chair’s Notes, RAN1 #106bis-e, e-Meeting, October 11th – 19th, 2021

Agreement in RAN1#106bis-e meeting [1]
	Agreement
· For transmission power determination of TBoMS transmission in Rel-17, RAN1 to down-select one of the following two options:
· Option 1: The transmission power determination of TBoMS should be based on all the REs allocated in one available slot for the TBoMS transmission, excluding the overhead of reference signals
· Option 2: The transmission power determination of TBoMS should be based on all the REs allocated in the N available slots for the TBoMS transmission, excluding the overhead of reference signals.
· FFS: details on BPRE

Agreement
The number of MIMO layers (rank) for TBoMS transmission in Rel-17 is limited to 1. 

Agreement
For a single TBoMS transmission and TBoMS repetitions in Rel-17, at least the legacy Rel-15/16 inter-slot frequency hopping framework used in PUSCH repetition Type A is supported.
· FFS: other frequency hopping schemes.

Agreement
· The number N of allocated slots for TBoMS is indicated via a new column added to the TDRA table configured via PUSCH-TimeDomainAllocationList. The existing column for configuring the number of repetitions in the TDRA for Rel-17 PUSCH repetition Type A, i.e., numberOfRepetitions, is used for indicating the number of repetitions M of a single TBoMS, when TBoMS transmission is enabled.
· FFS: supported values of N and M.
· FFS: how to enable the TBoMS transmission
· FFS: details of retransmission of TBoMS
 
Agreement
For the repetition of a single TBoMS transmission, redundancy versions (RVs) are cycled across the TBoMS repetitions. The legacy Rel-15/16 RV sequences and RV index indication are reused.

Conclusion
Values 1<K<N for the scaling factor to calculate N_info for TBS determination for TBoMS transmission in Rel-17 are not supported.

Agreement
At least the following values are supported in Rel-17 for the number N of allocated slots for the single TBoMS:
· 
FFS: whether N=1 is also supported depends on how TBoMS transmission feature is enabled (or disabled)
FFS: other values, if any.
FFS: further constraints on N*M

Agreement
The following values are supported in Rel-17 for the number M of repetitions of the single TBoMS:
· 
FFS: further constraints on N*M, e.g., N*M is a valid value according to agreements in AI 8.8.1.1

Agreement
BPRE for TBOMS is calculated as  where N is the number of slots allocated for a single TBOMS and  is the number of allocated REs in one allocated slot of a single TBOMS.
Note: How this equation or its equivalent is captured in the specification is left to the editor

Agreement
For a single TBoMS transmission and TBoMS repetitions in Rel-17, the legacy Rel-15/16 intra-slot frequency hopping framework used in PUSCH repetition Type A is supported.
· FFS: other frequency hopping schemes.

Working Assumption
For TBoMS in Rel-17, the following is supported:
· Bit interleaving is performed per slot.
       The index of the starting coded bit for each transmitted slot is predetermined prior to the start of the TBoMS transmission.
· Transmission is limited to one CB only.
· FFS: whether UCI multiplexing bits or cancellation/dropping of coded bits, if any, have to be known prior to the determination of the index of the starting coded bit for each transmitted slot or not
· FFS: Performance with UCI multiplexing on single and multiple slots of a single TBoMS
 
Note: How UCI multiplexing and cancellation/dropping of coded bits influence the sequence of coded bits transmitted in each slot of a single TBOMS is to be further discussed. Some knowledge on UCI to be multiplexed or cancellation/dropping of coded bits in each slot of a single TBOMS may be known prior to the start of a single TBOMS transmission. How this is to be handled is to be discussed further.
  
Agreement
For the bit selection for each transmitted slot for TBoMS, one of the following is to be down selected in RAN1 #107-e for determining the index of the starting coded bit in the circular buffer:
· Option B: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot.
· Option C: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot, regardless of whether UCI multiplexing occurred in the previous allocated slot or not.
FFS: whether the index of the starting coded bit for each transmitted slot is expressed as a multiple integer of the lifting size Zc
Note: Dropping/cancellation rules are not considered for the starting bit position determination in both Option B and Option C.
  
Agreement
For TBoMS transmission in Rel-17:
· TBoMS transmission feature is enabled (or disabled) by configuring (or not) the number of allocated slots for a single TBoMS (N) in a row of the TDRA table.
· Dynamic switching between at least TboMS transmission and the legacy single-slot PUSCH transmission, by using a row in the TDRA table, is supported.
· TBoMS transmission is enabled when N>1, where N is the number of allocated slots for a single TBoMS.
· Single-slot PUSCH transmission is enabled when N=1.
· Supported combinations of N and M that can be configured in the TDRA table, these combinations are constrained by retransmission are to be further discussed
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Table 1. Evaluation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	Subcarrier spacing
	30 kHz

	System BW
	80 RBs

	TBoMS RBs
	4 RBs

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1 Tx

	Waveform 
	CP-OFDM

	Channel model
	TDL-C (NLOS) with delay spread 300ns

	UE speed
	3 km/h

	MCS
	6, 9

	TBoMS symbols per slot
	9

	DMRS overhead 
	3 DMRS symbols per slot

	Number of TBoMS repetitions (M)
	1, 2

	Number of slots per TBoMS (N)
	4

	Channel estimation
	Practical

	Receiver type
	MMSE
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(a) MCS 6                                                                           (b) MCS 9
Figure 2. TBoMS performance with UCI multiplexing for Option B and C (M = 2)
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