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Introduction
In the previous RAN1#104b-e meeting, the following agreements and working assumption were made on TB processing over multi-slot PUSCH [1].
	[bookmark: _Hlk69477917][bookmark: _Hlk69480891]Agreement at RAN1#104b-e:
Non-consecutive physical slots for UL transmission can be used to transmit TBoMS at least for unpaired spectrum.
· How TBoMS is transmitted over non-consecutive physical slots for UL transmission for unpaired spectrum is to be discussed further. 
· Whether and how non-consecutive physical slots for UL transmission can be used to transmit TBoMS for paired spectrum and SUL band as well, is to be discussed further.

Working Assumption at RAN1#104b-e
The concept of transmission occasion for TBoMS (TOT) is utilized for the purpose of discussion, where a TOT is constituted of time domain resources which may or may not span multiple slots
· FFS: details, whether multiple slots which constitute a TOT are consecutive or non-consecutive physical slots for UL transmissions
· FFS: other details. 
· FFS: whether such concept will be specified or not.

Agreement at RAN1#104b-e:
For the definition of a single TBoMS, down select among the following options:
· Option 1: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using a single RV. 
· FFS: whether and how the single RV is rate matched across the TOT, e.g., continuous rate-matching across the TOT, rate matched for each slot and so on.
· Option 2: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using different RVs.
· FFS: how RV index is refreshed within the TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 
· 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. 
· Option 4: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using different RVs. 
· FFS: whether and how RV index is refreshed within one TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 
· FFS: the exact TBS determination procedure. 
· FFS: whether a single TBoMS can be repeated or not.
· FFS: other implications, e.g., power control, collision handling and so on.


In this contribution, we provide our views on TB processing over multi-slot PUSCH.


[bookmark: OLE_LINK69]Discussion on TB processing over multi-slot PUSCH
Redundancy version and rate-matching.
In previous RAN1#104b-e meeting, it was agreed to down select among 4 options for redundancy version (RV) and rate-matching for a TB processing over multi-slot PUSCH (TBoMS). We provide our views on each option.
· Option 1. Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using a single RV.
Option 1 can be categorized with two cases according to the rate-matching methods.
1) Single RV is continuously rate-matched across the TOT.
In this case, a TB is continuously rate-matched with a single RV across the all slots allocated for a TBoMS. Thus, a single rate-matching pattern that spans multiple slots can be determined/ generated with the single RV. The single rate-matching pattern determination/generation has a gain in terms of UE complexity, because a multiple rate matching is not required. However, since the rate-matching pattern is determined across the multiple slots, additional UE behavior for issues such as UCI multiplexing can be further studied. 
2) Single RV is rate-matched for each slot.
In this case, single RV is rate-matched for each slot. A multiple rate-matching with single RV would degrade the performance compared to the continuous rate-matching with single RV or RV cycling across multiple slots. Also, it requires multiple rate-matching pattern determination/ generation for UE that would increase the UE complexity.
· Option 2. Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using different RVs.
With Option 2, RV cycling is performed within a single TB. Thus, multiple rate-matching patterns can be determined/generated for multiple slots that can increase the UE complexity.
Option 2 can be categorized with two cases according to the rate-matching methods.
1) RV index is refreshed within the TOT after each slot boundary.
In this case, RV cycling is performed at slot boundary that is same with Rel-15/16. Since rate-matching pattern is determined/generated per slot, there is no necessity to handle potential issues on rate-matching, such as UCI multiplexing. However, other issues discussed above still have to consider, i.e., multiple rate-matching pattern.
2) RV index is refreshed within the TOT at every jump between two non-contiguous resources.
In this case, RV index would be refreshed with longer duration (more than one slot) compared to case 1. Therefore, this case less likely to have issues on multiple rate-matching pattern determination/generation. Nevertheless, it still has potential possibility of such issues. Furthermore, issues on rate-matching, such as UCI multiplexing should be handled additionally.
· Option 3. Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV.
Option 3 can be categorized with three cases according to the rate-matching methods. Regarding that the concept of TOT is utilized for discussion, the cases in Option 3 can be mapped to the cases in Option 1.
1) Single RV is rate-matched for each TOT.
Same with case 2 in Option 1 by replacing a slot with a TOT.
2) Single RV is continuously rate-matched for all the TOTs.
Same with case 1 in Option 1 if all TOTs are regarded as one TOT
3) Single RV is rate-matched for each slot.
Same with case 2 in Option 1.
· Option 4. Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using different RVs.
Option 4 can be categorized with two cases according to the rate-matching methods. Regarding that the concept of TOT is utilized for discussion, the cases in Option 4 can be mapped to the cases in Option 2.
1) RV index is refreshed within the TOT after each slot boundary.
Same with case 1 in Option 2.
2) RV index is refreshed within the TOT at every jump between two non-contiguous resources.
Same with case 2 in Option 2.
Based on above discussion, we propose to support case 1 in Option 1 and case 2 in Option 3. Thus, single RV can be rate-matched across the TOT, or for all the TOTs. One concern for these options is that continuous rate-matching potentially have impact on circular buffer management, which can increase the UE complexity. For TBoMS, since not too large TBS is expected to be determined, a TBoMS may not span too many time domain resources. Nevertheless, specifying the limitation on time domain, i.e., TOT can be considered if it has a critical impact on UE implementation. Meanwhile, additional handling should be further studied for issues on rate-matching, such as UCI multiplexing when regarding these options.
· Proposal 1: For the single TBoMS, the TB is transmitted on the TOT (option 1) or the multiple TOTs (option 3) using a single RV. 
· FFS: Handling for issues on rate-matching, such as UCI multiplexing.
Time domain resource determination.
It was agreed to consider one or two of “PUSCH repetition type A like TDRA” and “PUSCH repetition type B like TDRA” for time domain resource determination of TBoMS.
For PUSCH repetition in Rel-15 (i.e., PUSCH repetition type A), a UE can be indicated with one entry of TDRA table, which includes starting symbol S, symbol length L, and repetition number K. Then, the UE determines TBS based on S and L, and repeats the TB over K slots. It can be extended to support TBoMS with the following modifications.
· First, the scheduled symbols for PUSCH transmission are derived by the time domain resource assignment rule, as in Rel-15/16, where the number of repetitions K in Rel-15/16 is regarded as the number of slots allocated for TBoMS. 
· Second, the TBS is determined based on S, L, and K, i.e., all of the scheduled symbols. 
· Third, the generated TB of the TBS is mapped to the scheduled symbols.
Such an extension for TBoMS can be simply supported by utilizing Rel-15 PUSCH repetition without large specification efforts. Also, since PUSCH repetition type A is a mandatory UE feature from Rel-15, PUSCH repetition type A like TDRA can be a starting point of time domain resource determination for TBoMS. One concern with PUSCH repetition type A is that it is hard to schedule to some TDD configurations such as “S+U” slots because the starting symbol S and the symbol length L should be same in each slot. 
To address such a TDD configuration, PUSCH repetition type B like TDRA can be considered, where the PUSCH repetition type B can provide more flexible resource utilization. However, PUSCH repetition type B is an optional UE feature, and intended to URLLC service in Rel-16. It may be unnecessary for CE UE to enhance their limited coverage with PUSCH repetition type B itself. However, its intention is not the repetition, but literally time domain resource determination with PUSCH repetition type B “like” TDRA. Thus, it is applicable to TBoMS.
In Addition, RAN1 should further discuss TDRA-related aspects such as RV, DMRS pattern, and UL transmission power determination. 
For RV, one of RV sequence is configured/indicated and a RV value in the configured/indicated RV sequence is applied on the nth transmission occasion of the TB for PUSCH repetition type A and on the nth actual repetition for PUSCH repetition type-B, where n=0, 1, …, K-1. However, it is unclear whether/how to configure/indicate RV sequence and apply the RV sequence to symbols for TBoMS. 
For DMRS pattern, even though a time domain resource of TBoMS is determined with PUSCH repetition type B-like TDRA, it is unclear how to determine its DMRS patterns, i.e., reuse Rel-16 DMRS patterns determined by symbol length of each actual repetition or reuse Rel-15 DMRS pattern determined by symbol length in each slot. Also, applicability of PUSCH mapping type A or B to TBoMS should be discussed. 
For UL transmission power, the UL transmission power is determined per transmission occasion, where the transmission occasion is a slot in case of PUSCH repetition type A or a nominal repetition in case of PUSCH repetition type B. It is worth noting that a TB is mapped to a transmission occasion so that it is clear how many bits are carried by the transmission occasion. However, since a TB is mapped to all of transmission occasions in TBoMS, it is unclear how to determine the UL transmission power, i.e., based on each transmission occasion or based on all of transmission occasions. 
· Proposal 2: Both PUSCH repetition type A-like TDRA and PUSCH repetition type B-like TDRA can be supported for time domain resource determination of TB processing over multi-slot PUSCH. 
· Further study how to determine TDRA-related aspects such as RV, DMRS pattern, and UL transmission power.
Ninfo calculation.
It was agreed to one or two of approaches will be considered as a starting point to decide Ninfo for TBoMS. TBS is determined per slot or nominal repetition in case of PUSCH repetition type B by the following steps as defined in TS38.214 [2]. 
First, the number of REs per PRB allocated for PUSCH is calculated based on the following equation.
,
where  is the number of subcarriers per PRB,  is the number of symbols allocated for PUSCH,  is the number of DMRS REs per PRB, and  is the number of overhead REs per PRB that configured in RRC which has one value of {0, 6 ,12, 18}.
Next, total number of REs allocated for PUSCH is calculated based on the following equation.
,
where  is the number of PRBs allocated for PUSCH.
Then, unquantized intermediate variable (Ninfo) is obtained by the following equation.

where  is code rate,  is modulation order, and  is the number of layers.
With Approach 1, the steps of TBS determination for TBoMS can be modified as follows.
First, the number of REs per PRB allocated for PUSCH over all symbols allocated for TBoMS is calculated based on following equation.

where  is the number of subcarriers per PRB, , is the number of symbols of the PUSCH over all symbols allocated for TBoMS,  is the number of REs for DMRS per PRB of the PUSCH over all symbols allocated for TBoMS . Note that  will be discussed in below.
Next, total number of REs allocated for PUSCH is calculated based on the following equation.

where  is the number of PRBs allocated for TBoMS.
With Approach 1, the TBS can be determined as accurate as possible by taking all REs over all symbols allocated for TBoMS into account. Also, by changing definitions of  and , the equations  for TBS determination in TS38.214 can be reused without modifications. Note that it needs modification in  calculation, where  is upper-bounded by 156. In TBoMS,  could be larger than 156, so that RAN1 further discuss how change the upper limit on .
With Approach 2, the steps of TBS determination for TBoMS can be modified as follows.
First, number of REs per PRB allocated for PUSCH is calculated based on following equation.
,
where  is the number of subcarriers per PRB,  is the number of symbols allocated for the first L symbols of the TBoMS, and  is the number of REs for DMRS per PRB of the first L symbols of the TBoMS. Note that  will be discussed in below.
Next, total number of REs allocated for PUSCH is calculated based on the following equation.

where  is the number of PRBs allocated for PUSCH and K is the scaling factor, which is derived by the number of L symbols in the TBoMS or indicated by a DCI format scheduling the TBoMS. 
With Approach 2, the upper bound of , min(156,), can be reused since  is calculated based on the first L symbols. This approach is aligned with Rel-15/16 where when the PDSCH assigned by a PDCCH with DCI format 1_0 with CRC scrambled by P-RNTI, or RA-RNTI, or MsgB-RNTI is indicated with scaling factor S, Ninfo is scaled as . The difference is S is no larger than 1 in Rel-15/16 to decrease TBS, but K is no smaller than 1 in TBoMS to increase TBS. Therefore, less specification effects are expected in Approach 2.
[bookmark: _Hlk68625497]Recall that a TBS is determined based on a nominal repetition in case of PUSCH repetition type B in Rel-16 URLLC and the number of overhead RE is a RRC configured value that is common across all BWPs of a serving cell. Therefore, Ninfo is not accurately computed in Rel-15/16 and the accurate calculation on Ninfo may bring additional complexity at UE and gNB sides. In this sense we slightly prefer Approach 2. However, if the accurate calculation of Ninfo is deemed necessary, Approach 1 can be further considered.
· Proposal 3: We propose to support Approach 2 for Ninfo calculation as a baseline. 
· If the accurate calculation of Ninfo is deemed necessary, Approach 1 can be further considered.
Noh calculation.
It was agreed to one or two of options will be considered as a starting point to decide Noh for TBoMS.
At first, definition of each option should be clarified, and our understanding is as follows.
With Option 1, Noh only depends on a configured value of xOverhead that is same as in Rel-15/16, and applied for all the slots over which the TBoMS transmission is allocated. No additional calculations are required for Noh. For instance, if it is configured with xOverhead as 6 and TBoMS is allocated over 2 slots, a UE can determine Noh = 6 for slot#1 and slot#2 respectively.
With Option 2, Noh is determined based on not only a configured value of xOverhead, but also the number of symbols or slots over which the TBoMS transmission is allocated. Thus, the configured value of xOverhead can be differently applied for each slot. For instance, if xOverhead is configured as 6 and TBoMS is allocated over 2 slots, a UE may determine Noh for slot#1 and Noh for slot#2, respectively, based on the allocation.
Both Option 1 and Option 2 are related with the approaches regarding Ninfo calculation. More accurate Noh can be determined by Option 2, so that this option is related with Approach 1 in Ninfo calculation. As discussed in Ninfo calculation, xOverhead is a roughly configured value that does not consider the exact number of overhead REs in Rel-15/16. Therefore, Option 1 is preferred if the accurate calculation on Noh is not required. However, Option 2 can be further considered if the accurate calculation on Noh is deemed necessary.
· [bookmark: _Hlk68626681]Proposal 4: We propose to support Option 1 for Noh calculation as a baseline.
· Option 2 can be further considered if the accurate calculation on Noh is deemed necessary.
UCI multiplexing/UL transmission power determination for TBoMS.
[image: ]
Figure 1. Collision between two PUCCH resources and single TB over multi-slot PUSCH resource.
In Figure 1, a PUSCH transmission is repeated over two slots, slot#n and slot#n+1 and it overlaps with two PUCCHs where PUCCH#1 is scheduled in slot#n and PUCCH#2 is scheduled in slot#n+1. For a PUSCH transmission over multi-slot, it was specified that the first UCI in PUCCH#1 is multiplexed on the first PUSCH transmission in slot#n, and the second UCI in PUCCH#2 is multiplexed on the second PUSCH transmission in slot#n+1. When multiplexing UCI on PUSCH in a slot, the UE determines # of REs to be used for the UCI. When determining the number of REs, the UE uses TBS of the PUSCH in a slot. However, if one TB is mapped to multiple slots, it should be further discussed how to define TBS of the PUSCH in a slot. 
To address this issue, a TBS can be scaled with the number of slots or symbols on which a TBoMS is mapped. If the TBS is scaled with the number of slots, the number of REs for the first UCI in PUCCH#1 are calculated based on half of the TBS, and the number of REs for the second UCI in PUCCH#2 are also calculated based on half of the TBS. Also, the number of REs for the first UCI in PUCCH#1 are calculated based on available PUSCH resource in slot#n, and the second UCI in PUCCH#2 are calculated based on available PUSCH resource in slot#n+1. 
Additionally, similar issue can be raised on UL transmission power determination for TBoMS. In Rel-15/16, PUSCH transmission power is determined per transmission occasion (slot for type-A PUSCH repetition, nominal repetition for type-B PUSCH repetition).If one TB is mapped to multiple transmission occasions, it should be further discussed how to define UL transmission power in a transmission occasion. For example, UL transmission power for TBoMS can be determined per transmission occasion based on number of bits or code blocks within a transmission occasion. Or, it can be determined for multiple transmission occasions transmitting a single TB.
· [bookmark: _Hlk68445165]Proposal 5: It should be further discussed how to determine the number REs for UCI multiplexing, and UL transmission power in case of TB processing over multi-slot PUSCH.

Conclusion
In this contribution, we provided our views on TBoMS and the followings were proposed:
· Proposal 1: For the single TBoMS, the TB is transmitted on the TOT (option 1) or the multiple TOTs (option 3) using a single RV. 
· FFS: Handling for issues on rate-matching, such as UCI multiplexing.
· Proposal 2: Both PUSCH repetition type A-like TDRA and PUSCH repetition type B-like TDRA can be supported for time domain resource determination of TB processing over multi-slot PUSCH. 
· Further study how to determine TDRA-related aspects such as RV, DMRS pattern, and UL transmission power.
· Proposal 3: We propose to support Approach 2 for Ninfo calculation as a baseline. 
· If the accurate calculation of Ninfo is deemed necessary, Approach 1 can be further considered.
· Proposal 4: We propose to support Option 1 for Noh calculation as a baseline.
· Option 2 can be further considered if the accurate calculation on Noh is deemed necessary.
· Proposal 5: It should be further discussed how to determine the number REs for UCI multiplexing, and UL transmission power in case of TB processing over multi-slot PUSCH.
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