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At the RAN1#106-e meeting, the following agreements, working assumption and conclusions were made regarding TB processing over multi-slot PUSCH [1]:
Agreement
The number of slots allocated for TBoMS is counted based on the available slots for UL transmission. 
· The determination of available slots for PUSCH repetition type A, as defined in AI 8.8.1.1, is reused.
· Note: Available slots for FDD or SUL could be revisited according to discussion in AI 8.8.1.1

Agreement
Allocating resources for TBoMS in the special slot in TDD is possible according to the agreed time domain resource determination for TBoMS.
· No further optimization to allocate resources for TBoMS in the special slot is supported.

Agreement
TBoMS is supported for both configured grant and dynamic grant.
Working Assumption
Single TBoMS structure of Option 3 is selected
· 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. 
Agreement 
To calculate   for TBS determination, at least the scaling factor value =N is supported, where N is the number of allocated slots for a single TBoMS.
· FFS: whether further values 1<K<N are supported.
· FFS: details related to the indication of .
· Note: No supporting the case K=1 for a single TBoMS.
Agreement
Repetitions of a single TBoMS are supported, where:
· The number of configured repetitions is denoted by M, i.e., the total number of allocated slots for TBoMS repetition is M*N.
· Note: M*N is no more than the max number of repetitions agreed for repetition Type A enhancement in agenda 8.8.1.1
· Available slot determination is according to existing agreements.
· The number and location of allocated symbols within an allocated slot for TBoMS transmission are the same among all repeated single TBoMS.
· FFS other aspects of TBoMS repetitions, e.g.:
· Details of time domain resource indication.
· Supported values for the number of TBoMS repetitions.
· How to indicate the number of TBoMS repetitions.
· Interactions with frequency hopping and precoder cycling across the M groups of N allocated slots for each single TBoMS repetition.
· Whether RV indices should be cycled across the M groups of N allocated slots for each single TBoMS repetition.
· Details of TBoMS retransmissions.
· Potential MAC layer impact, but should be decided by RAN2
Note: No additional dropping rule optimization will be introduced other than dropping rules for single TBoMS transmission. 
Conclusion
Bit interleaving performed per ToT is precluded, and ToT will not be used in further discussion.
[bookmark: _Hlk80993367]Agreement
The UE determines whether or not to drop a slot determined as available for TBoMS transmission according to Rel-15/16 PUSCH dropping rules, where the dropped slot is still counted in the N allocated slots for the single TBoMS transmission.
· FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)
Conclusion
The N allocated slots for the single TBoMS are defined as the number of slots after available slot determination for a single TBoMS transmission, before dropping rules are applied.
Note: the number of final transmitted slots for the single TBoMS may be lower than N, depending on dropping rules for TBoMS transmission.
In the contribution, we discuss design details for TB processing over multi-slot PUSCH (TBoMS). Our views on enhancements on PUSCH repetition type A, joint channel estimation for PUSCH and Msg3 PUSCH repetition are presented in our companion contributions [2], [3] and [4], respectively. 
Basic structure for TBoMS
At the RAN1#106-e meeting, it was agreed as working assumption that a single RV is applied for the transmission of TBoMS. Further, it was concluded that bit interleaving performed per TOT is precluded for the discussion of TBoMS [1]. This indicates that the following two options are considered for down-selection for rate-matching and bit interleaving for a single TBoMS transmission: 
· Option a: Bit interleaving is performed per slot.
· Option c: Bit interleaving is performed over all the allocated slots for a single TBoMS.
Figure 1 illustrates different options for bit interleaving for TBoMS. In the figure, two code blocks are assumed. Further, for Option c with bit interleaving over all the allocated slots for a single TBoMS, two alternatives are considered: 1) Option c1 with continuous mapping as for single-slot PUSCH and 2) Option c2 with interleaved mapping, where in the figure, even parts of each code blocks are located in each slot. Note that the major difference between Option a and c is placement of the code block partitioning: before interleaving (for Option a) and after interleaving (for Option c). In this regard, the performance of the TBoMS can be affected due to different interleaving diversity for each code block.
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	Option a: bit interleaving per slot
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Option c1: bit interleaving per TBoMS with continuous mapping
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Option c2: bit interleaving per TBoMS with interleaved mapping
[bookmark: _Ref83825524]Figure 1. Options for bit interleaving for TBoMS


As can be seen from Figure 1, TBoMS part from each slot may be deinterleaved and decoded independently. But according to the previous agreements, the coding rate of TBoMS is defined taking into account all the resources allocated for TBoMS. Thus, the effective code rate of each slot is higher by a value equal to the number of allocated slots for TBoMS. Therefore, it may not be reasonable to assume decoding some part of the TBoMS transmitted in one slot for coverage enhancement.
From the perspective of implementation and specification impact, in our view, procedure of out bit sequence generation for Option c is similar to single PUSCH, with the exception of mapping to several slots. In contrast, Option a would increase implementation complexity and specification effort due to division of conventional LDPC rate-matching operation. From the memory operation perspective, for both options, the additional step is to store prepared rate-matched (already interleaved) sequences for each code block during the TBoMS transmission for Option a, and store non-interleaved sequences and perform interleaving for each slot for Option c.
Since TBoMS is designed to achieve the goal of coverage enhancement, it is not expected to use high modulation orders for such transmissions. Thus, the main difference between bit interleaving alternatives stems from the cases with cancellation of the slot or part of the slot, e.g., in case of UCI multiplexing. For example, for RV0, the cancellation of certain code bits for TBoMS transmission would result in the performance degradation for Option a. This is even more pronounced in case of UCI multiplexing in the first slot, where most part of systematic bits may be cancelled. For Option c, however, given the fact that interleaving is performed over the whole TBoMS, there are no such weak point due to uniform spreading of systematic bits across slots.
Figure 2 illustrates the performance difference between interleaving Options a and c in case of 75% bits cancellation in the first slot of TBoMS transmission. In the simulations, it was assumed Rural FDD scenario, TBS of 528 and 704 for TBoMS transmission, which spans 4 slots with 2 PRBs in each slot. From the figure, it can be observed that option c with bit interleaving over all the allocated slots for a single TBoMS provides roughly 0.8dB performance gain compared to Option a. Hence, in our view, Option c should be adopted for bit interleaving of TBoMS.
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Figure 2. Performance comparison of interleaving Option a and Option c
Observation 1
· In case of UCI multiplexing where 75% resource is allocated for UCI in the first slot, Option c with bit interleaving over all the allocated slots for a single TBoMS provides ~0.8dB performance gain compared to Option a with bit interleaving per slot.  
Proposal 1
· For a single TBoMS transmission, bit interleaving is performed over all the allocated slots.

Discussion on repetition of TBoMS
At the RAN1#106-e meeting, it was agreed to support repetition of a single TBoMS transmission [1]. This is motivated to achieve similar coverage as for PUSCH repetition as defined in Rel-17 with appropriate combination of number of slots allocated for TBoMS and number of repetitions. 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 at the RAN1#105-e meeting, it was agreed that number of slots allocated for TBoMS is determined by using a row index of a TDRA list, which is configured by RRC signalling [5]. Following the same design principle, a dedicated TDRA table can be configured for the TBoMS transmission, which can also differentiate the existing single-slot PUSCH repetition and TBoMS. This is primarily due to the fact that repetition is supported for TBoMS and in this case, TDRA table for the existing PUSCH repetition may not be directly applied for the transmission of TBoMS.
More specifically, in each row of the TDRA table for TBoMS transmission, number of slots for a single TBoMS transmission (N), number of repetitions (M), k2, SLIV and mapping type can be configured. This can help in achieving maximal flexibility on the selection of different combinations of the numbers of slots and repetitions for TBoMS transmission.
Proposal 2
· A dedicated TDRA table is configured for TBoMS, where number of slots for a single TBoMS transmission (N), number of repetitions (M), k2, SLIV and mapping type are configured in each row of the TDRA table. 

In case of TBoMS retransmission, it may be more appropriate to allow gNB to schedule single-slot PUSCH transmission as defined in Rel-15/16. In some cases, depending on the coverage enhancement target, gNB may simply schedule single-slot PUSCH transmission without repetition for TBoMS retransmission. For instance, assuming two slots are allocated for TBoMS initial transmission, in case of decoding failure, gNB may dynamically switch to single-slot PUSCH transmission based on the channel condition and perform soft combining. 
In this regard, it is more desirable to support dynamic switch between TBoMS and single-slot PUSCH transmission with or without repetition. One straightforward solution can be to configure N = 1 in a row of TDRA table to indicate single-slot PUSCH transmission. Given that PUSCH repetition type A is supported for TBoMS resource allocation in time, k2, SLIV and mapping type can be reused for single-slot PUSCH transmission. Further, in case of N = 1, number of repetitions (M) can be re-interpreted and applied for single-slot PUSCH transmission.  
Proposal 3
· Dynamic switching between TBoMS and single-slot PUSCH transmission is supported.
· N = 1 can be configured in one row of TDRA table to indicate single-slot PUSCH transmission. 

When repetition is applied for the transmission of TBoMS, RV mechanism needs to be defined. As it was agreed as working assumption that a single RV is applied for the transmission of TBoMS, same RV cycling mechanism as defined for single-slot PUSCH repetitions in Rel-15/16 can be applied for TBoMS with repetition. In particular, for dynamic grant based TBoMS, the RV cycling for each TBoMS repetition can be determined based on the RV pattern {0, 2, 3, 1} and indicated RV index in the DCI. Further, for configured grant based TBoMS, configured RV cycling pattern can be applied. 
Proposal 4
· RV cycling mechanism for single-slot PUSCH repetition can be reused for TBoMS repetition. 

Frequency domain resource allocation of TBoMS
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#104-e 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 [6]. 
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 [3], 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. 
 [image: ]
[bookmark: Figure3]Figure 4. Simulation results for TBoMS with inter-slot frequency hopping with inter-slot bunding 
Observation 2
· 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.

In case of TBoMS repetition, inter-repetition frequency hopping can be applied, where same frequency resource is allocated for one TBoMS repetition and different frequency resources can be allocated for two successive TBoMS repetitions. This is similar to what was defined for PUSCH repetition type B. Note that this inter-repetition frequency hopping mechanism may be coupled with DMRS bundling so as to exploit the benefit of frequency diversity while providing the channel estimation gain. Figure 5 illustrates one example of inter-repetition frequency hopping mechanism for TBoMS repetition. 
[image: ]
[bookmark: _Ref81920559]Figure 5. Inter-repetition frequency hopping for TBoMS repetition
Proposal 5
· For a single TBoMS transmission, inter-slot frequency hopping and inter-slot frequency hopping with inter-slot bundling are supported.
· For repetition of a single TBoMS transmission, inter-repetition frequency hopping is supported.

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 a single TBoMS transmission spanning multiple slots overlaps with single-slot PUCCH, UCI multiplexing on TBoMS needs to be supported if the timeline requirement is satisfied. Otherwise, this would introduce undesirable impact on the system operation if either PUCCH or single TBoMS transmission is dropped. Figure 6 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. 
[image: ]
[bookmark: _Ref60850961]Figure 6. Overlapping between TBoMS and single-slot PUCCH
Note the detailed UCI multiplexing mechanism on TBoMS may depend on outcome of basic structure of TBoMS, i.e., whether rate-matching/interleaving is performed per slot or per TBoMS. Further, certain mechanism may need to be defined to calculate the amount of REs for UCI and UL-SCH in the overlapped slot for TBoMS transmission. This may also depend on whether UCI can span more than one slot or needs to be contained within one slot. In the former case, this may not be desirable in terms of decoding latency and complexity, especially for the case when TBoMS is allocated in non-consecutive slots. However, this may help in improving the coverage for UCI, which is critical for cell edge UEs with TBoMS transmission. 
Proposal 6
· UCI multiplexing on TBoMS is supported.
· FFS details.   

[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
· In case of UCI multiplexing where 75% resource is allocated for UCI in the first slot, Option c with bit interleaving over all the allocated slots for a single TBoMS provides ~0.8dB performance gain compared to Option a with bit interleaving per slot.  
Observation 2
· 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
· For a single TBoMS transmission, bit interleaving is performed over all the allocated slots.
Proposal 2
· A dedicated TDRA table is configured for TBoMS, where number of slots for a single TBoMS transmission (N), number of repetitions (M), k2, SLIV and mapping type are configured in each row of the TDRA table. 
Proposal 3
· Dynamic switching between TBoMS and single-slot PUSCH transmission is supported.
· N = 1 can be configured in one row of TDRA table to indicate single-slot PUSCH transmission. 
Proposal 4
· RV cycling mechanism for single-slot PUSCH repetition can be reused for TBoMS repetition. 
Proposal 5
· For a single TBoMS transmission, inter-slot frequency hopping and inter-slot frequency hopping with inter-slot bundling are supported.
· For repetition of a single TBoMS transmission, inter-repetition frequency hopping is supported.
Proposal 6
· UCI multiplexing on TBoMS is supported.
· FFS details.   
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