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At the RAN1#106b-e meeting, the following agreements, working assumption and conclusions were made regarding TB processing over multi-slot PUSCH (TBoMS) [1]:
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:
· 
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
Agreement
The following values are supported in Rel-17 for the number M of repetitions of the single TBoMS:
· 
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  where N is the number of slots allocated for a single TBOMS and  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 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#106b-e meeting, it was agreed as working assumption that bit interleaving is performed per slot, where the index of the starting coded bit for each transmitted slot is predetermined prior to the start of the TBoMS transmission. Further, the following two options are considered for down-selection [1]:
· 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.
In our view, TBoMS is primarily designed to achieve the goal of coverage enhancement. Hence, the main point to compare Option B and C is the performance difference between starting bit positions determination alternatives that 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 coded bits for TBoMS transmission would result in the performance degradation for Option C due to cancellation of more important bits for LDPC decoding procedure. 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 B, given the fact that bit selection is continuous, preceding bits are prioritized for transmission than subsequent coded bits, which can provide better performance compared to Option C in case of UCI multiplexing. 
Figure 1 a) and b) illustrate the performance difference between Options B and C in case of UCI multiplexing when 75% resource in the first slot of TBoMS transmission is allocated for UCI. In the simulations, it was assumed Rural FDD scenario, TBS of 528 and 704 for TBoMS transmission, which spans 4 slots with 1 PRB (Figure 1a) and 2 PRBs (Figure 1b) in each slot. 
From the figures, it can be observed that Option B provides better performance compared to Option C. In some cases, e.g., TBS of 704 bits, 1 PRB and 75% of resource allocated for UCI in the first slot, consistent decoding failure can be observed for Option C. This is primarily due to the fact that with continuous bit selection, systematic bits are more protected than Option C with fixed starting bit positions, especially when considering the UCI multiplexing in the first slots where systematic bits are located. Note that this is more problematic for Option C in case of relatively high coding rates where TB becomes undecodable due to skipping of significant number of systematic bits. 
Hence, in our view, from coverage perspective, Option B should be selected for starting bit position determination.
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[bookmark: _Ref86915056]Figure 1. Performance comparison of Option B and Option C for bit selection
Observation 1
· In case of UCI multiplexing where 75% resource is allocated for UCI in the first slot, Option B with continuous bit selection for a single TBoMS provides up to 1dB performance gain compared to Option C with fixed starting bit positions.  
· For some cases, e.g., TBS of 704 bits, 1 PRB and 75% of resource allocated for UCI in the first slot, consistent decoding failure can be observed for Option C.
Proposal 1
· For the bit selection for each transmitted slot for TBoMS, Option B is supported.

Discussion on TDRA for TBoMS
At the RAN1#106b-e meeting, it was agreed that number N of allocated slots for TBoMS is indicated via a new column added to the TDRA table configured via PUSCH-TimeDomainAllocationList. TBoMS 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. Further, TBoMS transmission is enabled when N>1, where N is the number of allocated slots for a single TBoMS, while single-slot PUSCH transmission is enabled when N = 1 [1]. 
Given that a shared TDRA table is configured for both single-slot PUSCH transmission and TBoMS, TDRA list partitioning can be considered to differentiate which row is applied for single-slot PUSCH or TBoMS transmission. Table 1 illustrates one example of TDRA list partitioning for single-slot PUSCH and TBoMS transmission. In the example, the first N0 rows are allocated for single-slot transmission with or without repetitions while the remaining rows are allocated for TBoMS transmission. This simple solution can help achieve backward compatibility for legacy UEs or UEs that do not support TBoMS feature, where only single-slot PUSCH transmissions may be configured in the TDRA table. Note that number of rows allocated for the single-slot PUSCH transmission may be configured as part of TDRA table. 
[bookmark: _Ref86067144]Table 1. TDRA list partitioning for single-slot PUSCH and TBoMS transmission
	Row index
	TDRA list

	Row 0
	TDRA list for single-slot PUSCH transmission with {number of repetitions, k2, SLIV and mapping type} in each row

	…
	

	Row N0-1
	

	Row N0
	TDRA list for TBoMS transmission with {number of allocated slots for a single TBoMS transmission (N), number of repetitions (M), k2, SLIV and mapping type} in each row

	…
	

	Row N1-1
	



Proposal 2
· TDRA table partitioning can be employed to differentiate single-slot PUSCH and TBoMS transmission.
· Number of rows allocated for single-slot PUSCH transmission can be configured as part of TDRA table.  

At the RAN1#106b-e meeting, it was agreed as working assumption that TBoMS transmission is limited to one CB only [1]. This is mainly motivated by the fact that for coverage enhancement, typically relatively small payload is carried by TBoMS transmission. Based on this agreement, it is straightforward to assume that CBG based transmission is not supported for TBoMS.
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. Note that this can be enabled by scheduling single-slot PUSCH transmission using N = 1. 
Given the fact that only one CB is carried by TBoMS transmission, it may be desirable to only consider TB or CB based retransmission on either single-slot PUSCH or TBoMS. Note that if partial TB based transmission is supported for TBoMS, this would unnecessarily increase the specification effort and implementation complexity, while the benefit is not clear. 
Proposal 3
· CBG based transmission is not supported for TBoMS. 
· In case of TBoMS retransmission, partial TB based transmission is not supported. 

Out of order handling for TBoMS
In Rel-15, out of order handling for PUSCH scheduling was defined as follows, with the intention to restrict the relative timing among two PDCCHs and the scheduled PUSCHs.
	for any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.



For TBoMS transmission which spans multiple available slots, existing out of order handling mechanism may be reused. Figure 2 illustrates some examples of out of order handling between TBoMS and single-slot PUSCH transmission. In the examples, based on existing mechanism, case A) and B) are considered as invalid scheduling, i.e., out of order for single-slot PUSCH and TBoMS scheduling. However, for case C), it is not clear whether it can be considered as valid scheduling, given that two scheduling DCIs have the same ending symbols. However, given that a single-slot PUSCH is scheduled between allocated slots for TBoMS transmission, which poses certain restriction on UE implementation timeline, it may be more appropriate to consider Case C) as out of order scheduling for single-slot and TBoMS transmission. 
[image: ]
[bookmark: _Ref86869634]Figure 2. Out of order handling between TBoMS and single-slot PUSCH
Proposal 4
· For out of order handling for TBoMS:
· Consider Case A), B) and C) in Figure 2 as out of order scheduling.   

Frequency hopping mechanism for TBoMS
At the RAN1#106b-e meeting, it was agreed that legacy Rel-15/16 intra-slot and inter-slot frequency hopping framework used in PUSCH repetition Type A is supported for a single TBoMS transmission and TBoMS repetitions. Further, it was agreed 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 [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. 
Figure 3 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 3. 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 4 illustrates one example of inter-repetition frequency hopping mechanism for TBoMS repetition. 
[image: ]
[bookmark: _Ref81920559]Figure 4. Inter-repetition frequency hopping for TBoMS repetition
Proposal 5
· In case of DMRS bundling, inter-slot frequency hopping with inter-slot bundling is supported for TBoMS. 
· For repetition of a single TBoMS transmission, inter-repetition frequency hopping is supported.

UCI multiplexing and collision handling for TBoMS
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. 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.
[image: ]
[bookmark: _Ref60850961]Figure 5. Overlapping between TBoMS and single-slot PUCCH
Note that the detailed UCI multiplexing mechanism on TBoMS may depend on outcome of basic structure of TBoMS, i.e., whether Option B or Option C is considered for the starting position of coded bits in each allocated slot for TBoMS transmission. In particular, for Option B, it is more appropriate to consider that the UCI multiplexing timeline is determined based on the first symbol of TBoMS transmission, while for Option C, UCI multiplexing timeline can be determined based on the first symbol of the overlapped slot for TBoMS transmission. 
Proposal 6
· Two options can be considered for UCI multiplexing timeline.
· Option 1: UCI multiplexing timeline is determined based on the first symbol of TBoMS transmission.
· Option 2: UCI multiplexing timeline is determined based on the first symbol of the overlapped slot for TBoMS transmission.

In Rel-16, two-level priority indication for PUSCH and PUCCH was introduced in order to differentiate different types of services, e.g., URLLC and eMBB. Further, if a high-priority UL transmission overlaps with a low-priority UL transmission, UE drops the low-priority UL transmission under timeline constraint. Given the fact that TBoMS is mainly targeted for coverage enhancement rather than low latency application, it is more reasonable to treat TBoMS transmission with low priority. In this case, when TBoMS overlaps with uplink transmission with higher priority in a slot, the TBoMS in the overlapped slot is dropped. 
Proposal 7
· TBoMS is considered as low priority 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
· In case of UCI multiplexing where 75% resource is allocated for UCI in the first slot, Option B with continuous bit selection for a single TBoMS provides up to 1dB performance gain compared to Option C with fixed starting bit positions.  
· For some cases, e.g., TBS of 704 bits, 1 PRB and 75% of resource allocated for UCI in the first slot, consistent decoding failure can be observed for Option C.

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 the bit selection for each transmitted slot for TBoMS, Option B is supported.
Proposal 2
· TDRA table partitioning can be employed to differentiate single-slot PUSCH and TBoMS transmission.
· Number of rows allocated for single-slot PUSCH transmission can be configured as part of TDRA table.  
Proposal 3
· CBG based transmission is not supported for TBoMS. 
· In case of TBoMS retransmission, partial TB based transmission is not supported. 
Proposal 4
· For out of order handling for TBoMS:
· Consider Case A), B) and C) in Figure 2 as out of order scheduling.   
Proposal 5
· In case of DMRS bundling, inter-slot frequency hopping with inter-slot bundling is supported for TBoMS. 
· For repetition of a single TBoMS transmission, inter-repetition frequency hopping is supported.
Proposal 6
· Two options can be considered for UCI multiplexing timeline.
· Option 1: UCI multiplexing timeline is determined based on the first symbol of TBoMS transmission.
· Option 2: UCI multiplexing timeline is determined based on the first symbol of the overlapped slot for TBoMS transmission.
Proposal 7
· TBoMS is considered as low priority uplink transmission.
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