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1. Introduction
In RAN1#104e, TB processing over multiple slots (TBoMS) was discussed, and several agreements were made. We will further discuss on the detailed solutions for TBoMS in this contribution.
2. [bookmark: _Ref498564494][bookmark: _Hlk521582650][bookmark: _Ref32326212]Time domain resouce allocation for PUSCH TB over multiple slots
In RAN1#104e meeting, following agreements were made on time domain resource allocations for TBoMS.
	Agreement:
· Consider one or two of the following options as starting points to design time domain resource determination of TBoMS
· PUSCH repetition type A like TDRA, i.e., the number of allocated symbols is the same in each slot.
· PUSCH repetition type B like TDRA, i.e., the number of allocated symbols in each slot can be different


Both type-A and type-B PUSCH repetition like TDRA are discussed for TBoMS resource allocation. 
For PUSCH repetition Type-A resource allocation in Rel-16, the same starting symbol and length is required in each of the multiple slots. If at least one of the symbols allocated is not available in the slot, PUSCH is mot mapped to the slot. Hence, some uplink or flexible symbols are not used to PUSCH transmission. However, these resources can be reserved for SRS or PUCCH transmissions. For example, the UL resources in special slot in unpaired spectrum, can be reserved for SRS or PUCCH, and full UL slot can be allocated for TBoMS, as shown in Figure 1(a).
For PUSCH repetition Type-B, the resources are indicated through {starting symbol, nominal length, number of nominal repetitions} provided in TDRA field, and UE derives the resources considering the frame structure, dynamic SFI indication, etc. The time domain resource, i.e., starting symbol and length, is not required to be same in each slot, and the UL resource in the slots can be utilized with higher efficiency. Typically, repetition type-B like TDRA is introduced for low latency services, and it occupies all of the available UL resources, and no resources are reserved for other UL transmissions like SRS or PUCCH, unless NW configures invalid symbol patterns to reserve some UL resources, as shown in Figure 1(b). 

[bookmark: _Ref39855116]Figure 1. Illustration of PUSCH resource allocation in Rel-16
[bookmark: OB2]The advantages of type-B repetition like TDRA over type-A repetition like TDRA is that the resources in special slot can be fully utilized. However, considering some UL symbols should be reserved for PUCCH or SRS transmission, the difference between the two options is minimized. Hence, type-A PUSCH repetition like TDRA can be adopted for TBoMS for simplicity.
[bookmark: PP1]Proposal 1: PUSCH repetition Type-A like TDRA is adopted for TBoMS.
3. Whether to support non-consecutive slots for TBoMS
In last RAN1 meeting, it was discussed that whether non-consecutive slots can be used for TBoMS, and following agreements were made.
	Agreements:
· Consecutive physical slots for UL transmission can be used for TBoMS for unpaired spectrum 
· To resolve in RAN1#104b-e whether to support non-consecutive physical slots for UL transmission for TBoMS for unpaired spectrum 
· Consecutive physical slots for UL transmission can be used for TBoMS for paired spectrum and the SUL band 
· FFS if non-consecutive physical slots for UL transmission are also supported for paired spectrum and the SUL band


The concerns for TBoMS over non-consecutive slots come from UE implementations [2], main concern to support one TB mapping on non-consecutive slots is coming from memory,  the UE has to memorize segment of the TB after mapping partial TB on slot n until next transmission occasion on slot n+x where x can be few slots. From implementation wise it is extra burden on UE. 
To address these concerns on UE implementations, a tranport block can be mapped only to consecutive slots, while NW can still allocate non-consecutive slots for TBoMS. The TDRA for TBoMS can be composed of multiple transmission occasions, and each transmission occasion can be composed of multiple slots. The occasions can be consecutive or non-consecutive, while the slots within a occasion should be consecutive. As shown in Figure 2, TB is mapped to time domain per occasion basis, and each occasion is used to transmit a repetition for TBoMS.

[bookmark: _Ref67948315]Figure 2. TB mapping over consecutive slots and repetition over non-consecutive transmission occasions
In this case, TBoMS repetitions are mapped to multiple Tx occasions, which means UE can implement in similar way as type-A PUSCH repetition on non-consecutive slots for legacy UEs. The only difference is that, a TB and PUSCH repetition is mapped to multiple slots, instead of within a single slot as in Rel-16.
[bookmark: PP2][bookmark: _GoBack]Proposal 2: The TDRA for TBoMS is composed of multiple transmission occasions, and each transmission occasion can be composed of multiple slots.
· A TB is mapped to a Tx occasion, and the multiple slots in Tx occasion are consecutive slots;
· UE transmits different repetitions on different occasions.
4. TB size determination for TBoMS
In last meeting, following agreements are made on TB size determination for TBoMS.
	Agreements:
One or two of the following approaches will be considered as a starting point to decide how NInfo for TBoMS is calculated (aiming for down selection in RAN1 #104-bis-e):
· Approach 1: Based on all REs determined across the symbols or slots (FFS whether symbols or slots are used) over which the TBoMS transmission is allocated
· Approach 2: Based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K≥1.
· FFS: the definition of K
Note: L is the number of symbols determined using the SLIV of PUSCH indicated via TDRA
FFS: impacts and further details if repetitions of TBoMS is supported.
FFS: whether the symbols over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed, and details on how to handle such scenarios.

Agreements:
One or two of the following options will be considered (aiming for down-selection in RAN1#104b-e) to calculate NohPRB for TBoMS:
· Option 1: NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated and can be configured by xOverhead as in Rel-15/16.
· Option 2: NohPRB is calculated depending on both xOverhead and the number of symbols or slots (FFS whether symbol or slot are used) over which the TBoMS transmission is allocated.
· FFS: if either the number of symbols or the number of slots is used. 
· FFS: if xOverhead is separately configured from the one in Rel-15/16.
FFS: impacts and further details if repetitions of TBoMS is supported.
FFS: whether the symbols allocated over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed.


There are several issues having impacts on the detailed solutions for TB size determination for TBoMS:
· Whether TBoMS + repetition is supported by single UL grant;
· Type-A or Type-B repetition like TDRA for TBoMS.
As discussed in section 2 and 3, type-A PUSCH repetition like TDRA should be supported for TBoMS, and repetition for TBoMS can be scheduled for a single UL grant. An UL grant would trigger repetitions on multiple Tx occasions, and TB size is determined based on the number of resources of a Tx occasion, instead of all the scheduled resources for TBoMS with repetitions. Hence, approach 2 should be adopted for NInfo determination. Furthermore, since type-A repetition like TDRA is preferred for TBoMS, and the number of available symbols are same in the multiple slots, NInfo can be scaled by K, where K is the number of slots in the first Tx occasion/repetition.
[bookmark: PP3]Proposal 3: Approach 2 is adopted for NInfo determination i.e. NInfo is scaled by K, where K is number of slots in the first Tx occasion/repetition.
Similarly for NohPRB determination, same number of symols are allocated for each slot allocated when type-A TDRA is adopted for TBoMS. Hence, NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated and can be configured by xOverhead as in Rel-15/16.
[bookmark: PP4]Proposal 4: Option 1 is adopted for NohPRB determination, i.e. NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated.
Based on the discussion above, the procedure for TB size determination are summarized as follows,
Step 1: A UE first determines the number of REs allocated for PDSCH within a PRB () by 
[bookmark: _Hlk65077873]Step 2: A UE determines the total number of REs allocated for PDSCH () by , where nPRB is the total number of allocated PRBs for the UE.
Step 3: Unquantized intermediate variable () is obtained by  
· Where K is the number of slots allocated
Step 4: Calculate TB size based on  as that in Rel-16.
5. UCI multiplexing for TBoMS
In Rel-16, transmission parameter of PUSCH can be changed if overlapping with PUCCH. In this section, we will discuss the UCI multiplexing issues for TBoMS.
1. 
2. 
3. 
4. 
5. 
In Rel-15/16, the resources on PUSCH for UCI multiplexing is derived based on RRC parameter beta-offset, scaling () and PUSCH length. The number of symbols for UCI multiplexing on a PUSCH is derived based on the following equation.

where  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS. While for PUSCH-TBoMS, the number of symbols for a PUSCH transmission may be far more than legacy PUSCH occasion limited within a slot, which may lead to the number of symbols for UCI greater than UL symbols in a slot. Thus, the reliability for the UCI multiplexed on the PUSCH over multiple slots would be higher compared with UCI multiplexed on PUSCH which is limited within a slot, if the same set of beta-offset is used. However, higher performance of UCI on the PUSCH is not required even if it is piggybacked on a PUSCH-TBoMS, and the target performance of UCI should be independent of PUSCH length. Hence, it is not necessary to derive the number of symbols for UCI multiplexing based on the number of symbols for PUSCH across multiple slots. Instead, the number of modulated symbols for UCI multiplexing can be determined based on number of UL symbols for PUSCH transmission occasion within a slot, which is overlapping with the PUCCH. 
[bookmark: PP5]Proposal 5: For UCI multiplexing on PUSCH with TB processing over multiple slots, the number of modulated symbols in the PUSCH for UCI multiplexing is determined based on
· the number of symbols for PUSCH in a slot, which is overlapping with the PUCCH.
6. MIMO layers for TBoMS
Both PUSCH repetition and PUSCH with TB processing over multiple slots are motivated for improved reliability, and for PUSCH repetition Type A, in case number of repetitions K>1, the PUSCH is limited to a single transmission layer in Rel-16. Multi-layer PUSCH is not a typical use case for PUSCH-TBoMS, which is motivated for coverage enhancement rather than higher data rate. Therefore, PUSCH with TB processing over multiple slots should also be limited to single transmission layer.
[bookmark: PP6][bookmark: PP9]Proposal 6: PUSCH with TB processing over multiple slots should be limited to single transmission layer.
7. Limitations for Maximum number of RBs for TBoMS
Limitation for TB size of TBoMS is discussed, and following agreements were made.
	Agreements:
For TBoMS, the maximum supported TBS should not exceed legacy maximum supported TBS in Rel-15/16, for the same number of layers. 
· FFS: Details and further constraints on the applicability of TBoMS.


However, there were also proposals to further limit the number of PRBs for FDRA of TBoMS. It was argued that limited number of PRBs would improve TBoMS performance due to PSD boosting, and TBoMS is beneficial mainly for small payload size. Nevertheless, limitation on number of PRBs for TBoMS can be achieved by proper NW scheduling in current mechanism. Hence, explicit limitation on number of PRBs for TBoMS is not necessary.
[bookmark: PP7]Proposal 7: Limitation on number of PRBs for TBoMS can be achieved by proper NW scheduling, and explicit limitation on number of PRBs for TBoMS is not needed.
8. Conclusion
In this contribution, we discussed the potential issues for PUSCH with TB processing over multiple slots. Based on the discussion in previous sections, and we have the following proposals:
Proposal 1: PUSCH repetition Type-A like TDRA is adopted for TBoMS.
Proposal 2: The TDRA for TBoMS is composed of multiple transmission occasions, and each transmission occasion can be composed of multiple slots.
· A TB is mapped to a Tx occasion, and the multiple slots in Tx occasion are consecutive slots;
· UE transmits different repetitions on different occasions.
Proposal 3: Approach 2 is adopted for NInfo determination i.e. NInfo is scaled by K, where K is number of slots in the first Tx occasion/repetition.
Proposal 4: Option 1 is adopted for NohPRB determination, i.e. NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated.
Proposal 5: For UCI multiplexing on PUSCH with TB processing over multiple slots, the number of modulated symbols in the PUSCH for UCI multiplexing is determined based on
· the number of symbols for PUSCH in a slot, which is overlapping with the PUCCH.
Proposal 6: PUSCH with TB processing over multiple slots should be limited to single transmission layer.
Proposal 7: Limitation on number of PRBs for TBoMS can be achieved by proper NW scheduling, and explicit limitation on number of PRBs for TBoMS is not needed.
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