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[bookmark: _Ref506539118]Introduction
At the RAN1#104-e meeting, the following agreements were made regarding TB processing over multi-slot PUSCH [1]:
[bookmark: _Hlk63096048]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
Agreement:
· The same number of PRBs per symbol is allocated across slots for TBoMS transmission.
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
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.
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.
In the contribution, we discuss TB processing over multi-slot PUSCH (TBoMS). Our views on joint channel estimation for PUSCH is described in our companion contribution [2], respectively. In addition, our view on Msg3 PUSCH repetition is presented in our companion contribution [3].
Resource allocation for TBoMS
Time domain resource allocation
At the RAN1#104e meeting, it was agreed repetition type A and/or type B based TDRA mechanism can be considered for TBoMS [1]. For repetition type A based TDRA, same time domain resource allocation is applied for each slot, while for repetition type B based TDRA, consecutive number of symbols can be allocated for TBoMS. Figure 1 illustrates repetition type A and type B based TDRA for TBoMS. 
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[bookmark: _Ref66126192]Figure 1. Repetition type A and type B based TDRA for TBoMS
For these two options, it is evident that repetition type A based mechanism may be more appropriate for the case when gNB may need to schedule other channels or signals between TBoMS transmission, which can provide more flexibility on resource allocation. On the other hand, repetition type B based TDRA may be more desirable in unpaired spectrum, where UL symbols in special slot and subsequently UL slots can be grouped together for TBoMS transmission. In this case, all the available uplink symbols can be allocated for TBoMS, which can help in improving the coverage for PUSCH.  
Based on the discussions above, repetition type A and type B based TDRA mechanisms can be beneficial in certain scenarios. In our view, both mechanisms can be supported as TDRA for TBoMS. 
Proposal 1
· Both repetition type A and type B based TDRA mechanisms are supported for TBoMS.

At the RAN1#104 meeting, it was agreed that consecutive physical slots can be used for TBoMS transmission in both TDD and FDD system. It is FFS whether to support non-consecutive physical slots for TBoMS for TDD system [1]. In our view, allocation of non-consecutive physical slots is an essential feature for the operation of TBoMS in unpaired spectrum, especially considering when limited number of UL slots is configured for TDD DL/UL configuration. Otherwise, TBoMS may not be practically useful in unpaired spectrum. 
Further, similar to the enhancement on PUSCH repetition type A, TBoMS transmission may be based on the available UL slots. In case of cancellation due to collision with semi-static configured DL symbols, SSB transmissions, CORESET0 with Type0-PDCCH CSS set and invalid UL symbols, UE would postpone the TBoMS transmission until the configured or indicated number of slots is reached, which can ensure the coverage performance for PUSCH. This can also help exploit the benefit of time diversity when TBoMS transmission is counted on the basis of available UL slots. Figure 2 illustrates one example of TBoMS transmission on the basis of available UL slots. 
[image: ]
[bookmark: _Ref60832555]Figure 2. TBoMS transmission on the basis of available UL slots
Proposal 2
· Non-consecutive physical slots for UL transmission can be used for TBoMS for unpaired spectrum.
· TBoMS can be transmitted on the basis of available UL slots.

To further improve the PUSCH coverage, TBoMS can be transmitted in conjunction with repetition. Compared to a single TBoMS with long transmission duration, gNB may not need to wait until the end of the transmission for decoding, which can reduce the buffer size at receiver. Note that similar to the number of slots for TBoMS transmission, number of repetitions can be configured as part of TDRA, which can help in achieving maximal flexibility on the selection of different combinations of the numbers of slots and repetitions for TBoMS transmission, without introducing extra bits in the DCI format. 
Proposal 3
· Repetition is supported for TBoMS. 

Frequency domain resource allocation
Similar to PUSCH repetition, inter-slot frequency hopping can be supported for TBoMS in order to exploit the benefit of frequency diversity. At the RAN1#104e meeting, it was agreed as working assumption that joint channel estimation can be enabled for TBoMS when back to back transmission over consecutive slots is considered [1]. 
To facilitate the joint channel estimation for TBoMS, it may be beneficial to consider enhanced inter-slot frequency hopping mechanism, i.e., inter-slot frequency hopping with inter-slot bundling. As discussed in our companion contribution [2], for coverage limited scenario, channel estimation is typically a bottleneck in terms of link level performance. To improve the channel estimation accuracy, and hence increase overall link budget of uplink transmission, joint channel estimation can be employed in conjunction with enhanced inter-slot frequency hopping pattern. In this case, same Tx power and precoder need to be maintained at UE transmitter within bundled slots to enable joint channel estimation.
Figure 3 illustrates one example of inter-slot frequency hopping pattern with inter-slot bunding for TBoMS spanning 4 slots. In the example, TBoMS transmission occupies the same frequency resource for two slots before it switches to other frequency resources. Keeping the frequency diversity benefit of two hops as presented in the example pattern also makes it possible to enable joint channel estimation within bundled slots.
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[bookmark: _Ref60867150]Figure 3. Inter-slot frequency hopping with inter-slot bunding for TBoMS
Figure 4 illustrates link level simulation results for TBoMS with enhanced inter-slot frequency hopping pattern. In the simulations, it was assumed FDD system, TBS of 136 bits, moving speed of 3km/h and CFO with 0.1ppm. For single slot transmission, 4 PRBs and 14 symbols with 2 DMRS symbols were used. In addition, for TBoMS spanning multiple slots, 4 slots were used with 1 PRB in each slot, which results in roughly same coding rate compared to single slot transmission with 4 PRBs. Further, ML based algorithm is employed for the CFO estimation. From the figure, it can be observed that for TBoMS spanning 4 slots, inter-slot frequency hopping with inter-slot bunding and joint channel estimation can provide ~1.6dB performance gain compared to single slot transmission at ~10% iBLER. 
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[bookmark: Figure3]Figure 4. Simulation results for TBoMS with inter-slot frequency hopping with inter-slot bunding 
Observation 1
· For TBoMS spanning 4 slots, inter-slot frequency hopping with inter-slot bunding and joint channel estimation can provide ~1.6dB performance gain compared to single slot transmission at ~10% iBLER.
Proposal 4
· Inter-slot frequency hopping and inter-slot frequency hopping with inter-slot bundling are supported for TBoMS.
· FFS: intra-slot frequency hopping for TBoMS

TBS determination for TBoMS 
In Rel-15, TBS for PUSCH transmission is determined based on single slot. In particular, the following equation is used for the determination of the number of REs allocated for PUSCH within a PRB  

where  is the number of subcarriers in the frequency domain in a physical resource block,  is the number of symbols L of the PUSCH allocation,  is the number of REs for DM-RS per PRB in the allocated duration, and  is the overhead in the PRB configured by higher layer parameter. 
At the RAN1#104e meeting, two options were agreed on the calculation of NInfo for TBS determination [1]. In particular, approach 1 is based on all REs determined across the symbols or slots over which TBoMS is allocated, while approach 2 is based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated and scaled by K≥1. 
Note that the decision on calculation of NInfo highly depends on which TDRA mechanism is adopted for TBoMS transmission. More specifically, approach 2 is more suitable for the case when repetition type A based TDRA mechanism is employed for TBoMS transmission. In this case, K can be defined as the number of slots allocated for TDRA transmission. On the contrary, approach 1 is more general as it simply calculates the total number of REs across the allocated TBoMS transmission, which can be applied for both repetition type A and type B based TDRA mechanisms for TBoMS transmission. Hence, in our view, it may be more appropriate to adopt approach 1 for NInfo calculation. 
Proposal 5
· For calculation of NInfo for TBoMS, approach 1 is adopted. 

Similarly, for NohPRB determination for TBS calculation of TBoMS, two options were agreed in the RAN1#104e meeting [1]. In particular, for option 1, it is assumed that overhead is assumed to be the same for all the slots over which the TBoMS transmission is allocated, while for option 2, overhead is calculated depending on both xOverhead and the number of symbols or slots over which the TBoMS transmission is allocated.
Note that overhead determination also depends on whether repetition type A or type B based TDRA mechanism is adopted for TBoMS transmission. Given that same time domain resource allocation in each slot is employed for type A based TDRA mechanism for TBoMS transmission, it is more reasonable to assume same overhead for all the allocated slots for TBoMS transmission. For repetition type B based mechanism with consecutive number of symbols allocated for TBoMS, it is possible that different number of symbols is allocated in different slots. In this case, different overheads may be assumed for TBS determination for TBoMS. In our view, it may be more desirable to support option 2 so as to provide more flexibility on the overhead determination for TBoMS. 
Proposal 6
· For determination of NohPRB for TBoMS, Option 2 is adopted. 

Handling overlaps between TBoMS and UL transmissions
In Rel-15, when a single-slot PUCCH carrying UCI overlaps with a single-slot PUSCH in time within a slot, if the timeline requirement is satisfied, UCI is multiplexed on the single-slot PUSCH and the single-slot PUCCH is dropped. Further, when a single-slot PUCCH overlaps with the multi-slot PUSCH with repetition in time, and if the timeline requirement is satisfied, the single-slot PUCCH is dropped and UCI is multiplexed on the PUSCH in the overlapped slot. 
When TBoMS overlaps with single-slot PUCCH, existing mechanisms as defined in NR may not be applied. Figure 5 illustrates one example of overlapping between TBoMS spanning 2 slots and single-slot PUCCH. In this example, PUCCH and TBoMS overlap in the 2nd slot of TBoMS transmission. If following existing mechanism, PUCCH is dropped and UCI is multiplexed on the TBoMS in the 2nd slot. This may not be desirable as UE may need to calculate the amount of REs for UCI and UL-SCH based on the total number of symbols for TBoMS transmission. In this case, UCI cannot be simply mapped to the 2nd slot of TBoMS transmission. 
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[bookmark: _Ref60850961]Figure 5. Overlapping between TBoMS and single-slot PUCCH
To handle overlaps between TBoMS and PUCCH, one approach is to allow UCI to be multiplexed on TBoMS, where the amount of REs allocated for UCI and UL-SCH is determined based on the total number of symbols for TBoMS transmission. Depending on the beta offset and UCI payload size, however, UCI on TBoMS may span more than one slots, which may not be appropriate in terms of decoding latency and complexity, especially for the case when TBoMS is allocated in non-consecutive slots. 
Another option is not to allow UCI to be multiplexed on TBoMS. In particular, if the timeline requirement is satisfied, the whole TBoMS transmission can be cancelled and PUCCH is transmitted on the overlapped slots. This simple mechanism may minimize the specification impact and simplify implementation effort, but at the cost of dropping whole TBoMS transmission. 
Proposal 7
· FFS how to handle overlaps between TBoMS and other uplink transmission.   

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed TB processing over multi-slot PUSCH. Further, we summarize the observations and proposals as follows:
Observation 1
· For TBoMS spanning 4 slots, inter-slot frequency hopping with inter-slot bunding and joint channel estimation can provide ~1.6dB performance gain compared to single slot transmission at ~10% iBLER.
Proposal 1
· Both repetition type A and type B based TDRA mechanisms are supported for TBoMS.
Proposal 2
· Non-consecutive physical slots for UL transmission can be used for TBoMS for unpaired spectrum.
· TBoMS can be transmitted on the basis of available UL slots.
Proposal 3
· Repetition is supported for TBoMS. 
Proposal 4
· Inter-slot frequency hopping and inter-slot frequency hopping with inter-slot bundling are supported for TBoMS.
· FFS: intra-slot frequency hopping for TBoMS
Proposal 5
· For calculation of NInfo for TBoMS, approach 1 is adopted. 
Proposal 6
· For determination of NohPRB for TBoMS, Option 2 is adopted. 
Proposal 7
· FFS how to handle overlaps between TBoMS and other uplink transmission.   
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