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In the RAN1#106Bis-e meeting, the enhancement methods for TBoMS were discussed, and the following agreements were achieved[1][2]: 
	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:
· [image: ]
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

FL’s proposal 13
The following values are supported in Rel-17 for the number M of repetitions of the single TBoMS:
· [image: ]
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 [image: ] where N is the number of slots allocated for a single TBOMS and [image: ] 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




In this contribution, we further analyze the potential enhancements and provide our views on TBoMS. 
Discussion
RV determination for TBoMS
In RAN1#106-e meeting, a working assumption on single TBoMS structure of Option 3 has been achieved, where multiple TOTs are determined for a TBoMS and the TB is transmitted on the multiple TOTs using a single RV. As shown in [3], using a single RV#0 for TBoMS can achieve better performance than different RVs cycling per TOT and per slot. It is more likely that systematic bits of LDPC coding cannot be fully mapped within one slot in case of using different RVs cycling for TBoMS without repetition, which may cause decoding failure. As a result, we have the following proposal. 
Proposal 1: Confirming the WA on single TBoMS structure of Option 3, i.e., a single RV is used.
RM for TBoMS
In RAN1#106bis-e meeting, the rate-matching mechanism for TBoMS has been discussed deeply. In this section, we give our further analysis on the comparison of the two options for rate-matching for TBoMS. 
	· 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.



Before making down-selection, there are two fundamental questions need to be discussed first.
·  Question#1: Whether the error propagation issue due to missing detection of DL DCI corresponding to the HARQ-ACK to be multiplexed in TBoMS PUSCH is an important issue to be addressed?    
· Question#2: Whether the UCI multiplexing timeline could be always known prior to PUSCH transmission in the first slot of the TBoMS transmission?
As for Question#1, it is common issue that missing detection of DL DCI may cause some issues as in legacy. However, these issues are usually regarded as corner cases thanks to the existing DAI mechanism which can correct the number of UCI multiplexing bits for most of missing DCI cases. For instance, there are three DL DCIs scheduling PDSCH, even if last two DCIs are missed by UE, UE can still figure out the total number of HARQ-ACK bits by the total DAI in UL grant. Similarly, we don’t think it is an important issue needs to be addressed for UCI multiplexing in TBoMS PUSCH. 
Observation 1: Similar to the legacy, the potential issues due to missing detection of DL DCI corresponding to the HARQ-ACK to be multiplexed in TBoMS PUSCH are corner cases thanks to the existing DAI mechanism. 
In addition, if the number of UCI multiplexing bits is no more than 2 bits, UCI bits are multiplexed in PUSCH by puncturing. That is, it would not cause error propagation issue since it would not impact the starting coded bit for the remaining non-overlapping slot. If the number of UCI multiplexing bits is more than 2 bits, UCI is multiplexed in PUSCH by rate matching. It may cause error propagation issue while it would be really a corner case for UE failing to detect many DL DCIs at the same time.
Observation 2: If the number of UCI multiplexing bits is no more than 2 bits, UCI bits are multiplexed in PUSCH by puncturing, meaning that there is no error propagation issue. 
The last but not the least, if a UE successfully detects the DL DCIs or corrects the number of UCI bits by DAI mechanism, which are the most typical cases, Option C would unnecessarily puncture the data bits of TBoMS which would cause performance degradation, especially when the systematic bits are punctured.  
Observation 3: For most typical cases, i.e., a UE successfully detects the DL DCIs or corrects the number of UCI bits by DAI mechanism, Option C would unnecessarily puncture the data bits of TBoMS which would cause performance degradation. 
Regarding Question#2, according to the scheduling restrictions/timeline requirements in Rel-16 for HARQ-ACK multiplexing on PUSCH, our understanding is the UCI bits would always be known prior to PUSCH transmission in the first slot of the TBoMS transmission, at least for DG PUSCH and the first transmission of CG type 2 PUSCH. The related specification texts are copied below and an example are shown in Figure 1. 
	A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release, a DCI format 1_1 indicating SCell dormancy, or a DCI format including a One-shot HARQ-ACK request field with value 1, and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission.



[image: ]
Figure 1. Legacy UCI multiplexing timeline
Observation 4: For DG PUSCH and the first transmission of CG type 2 PUSCH, the UCI bits would always be known prior to PUSCH transmission in the first slot for single TBoMS transmission. 
With taking all above analysis above into account, we prefer to support 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) for determining the index of the starting coded bit in the circular buffer. This is no need other optimization compared to the legacy UCI multiplexing procedure for PUSCH repetition type A, including the multiplexing timeline for both DG and CG PUSCH. 
[bookmark: OLE_LINK33]Proposal 2: For bit selection for each transmitted slot for TBoMS, Option B is preferred, i.e., 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.
· No other optimization is considered compared to the legacy UCI multiplexing procedure for PUSCH repetition type A. 
[bookmark: OLE_LINK3]TBS determination 
[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-15/16 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 the 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 data rate limitations DataRate and DataRateCC. 
[bookmark: OLE_LINK36]Proposal 3: The maximum TBS can be limited by the conditions of data rate limitations DataRate and DataRateCC.
TBoMS repetition
In RAN1#106bis, the number N of allocated slots for the single TBoMS is agreed to be one of {2, 4, 8}, and the number M of repetitions of the single TBoMS is one of {1, 2, 3, 4, 7, 8, 12, 16}. In general, we are fine with any candidate values for both N and M as long as it satisfies N*M  32. There is no need to restrict combination of M and N in TDRA table, and it could leave to gNB implementation. 
Proposal 4: On top of existing agreed values for N and M, there is no need to restrict the combination of M and N in TDRA table, except for the condition of N*M  32.
Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: Confirming the WA on single TBoMS structure of Option 3, i.e., a single RV is used.
Observation 1: Similar to the legacy, the potential issues due to missing detection of DL DCI corresponding to the HARQ-ACK to be multiplexed in TBoMS PUSCH are corner cases thanks to the existing DAI mechanism. 
Observation 2: If the number of UCI multiplexing bits is no more than 2 bits, UCI bits are multiplexed in PUSCH by puncturing, meaning that there is no error propagation issue. 
Observation 3: For most typical cases, i.e., a UE successfully detects the DL DCIs or corrects the number of UCI bits by DAI mechanism, Option C would unnecessarily puncture the data bits of TBoMS which would cause performance degradation. 
Observation 4: For DG PUSCH and the first transmission of CG type 2 PUSCH, the UCI bits would always be known prior to PUSCH transmission in the first slot for single TBoMS transmission. 
Proposal 2: For bit selection for each transmitted slot for TBoMS, Option B is preferred, i.e., 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.
· No other optimization is considered compared to the legacy UCI multiplexing procedure for PUSCH repetition type A. 
[bookmark: _GoBack]Proposal 3: The maximum TBS can be limited by the conditions of data rate limitations DataRate and DataRateCC.
Proposal 4: On top of existing agreed values for N and M, there is no need to restrict the combination of M and N in TDRA table, except for the condition of N*M  32.
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