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1. Introduction
In the RAN1#106-e meeting, the discussions were focused on a single TBoMS structure, rate matching, TBS determination and how to count slots of TBoMS, and the following agreements and working assumptions for TBoMS were achieved [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 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.

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 this contribution, we further analyze the potential enhancements and provide our views on TBoMS.
2. Discussion
2.1 Time domain resource allocation
It has been agreed that the number of slots is determined by using a row index of RRC configured TDRA table, some companies propose to reuse the number of repetition field in TDRA to indicate the number of slots for TBoMS. However, repetition of a single TBoMS was supported in last RAN1 e-meeting. Naturally, this field in TDRA table should be indicated the repetition of TBoMS. A straightforward way for number of slots indication for TBoMS is adding a new column into TDRA table, similar with dynamic repetition indication for Type A PUSCH in Rel-16.  In addition, the candidate values of the number of slots allocated for TBoMS should be determined. Considering repetition of TBoMS was supported, using large number of slots for TBoMS is not needed, as a result, we propose {2, 3, 4, 6} as the candidate values of the number of slots for TBoMS as a starting point.
[bookmark: OLE_LINK29]Proposal 1: Adding a new column into TDRA table to indicate the number of slots for TBoMS.
· Support { 2, 3, 4, 6} as the candidate values. 
2.2 FDRA for TBoMS
[bookmark: OLE_LINK22]One of the main reason for bottleneck of PUSCH coverage is the limitation of transmission power, boosting the transmission power with the narrow bandwidth for better coverage is a feasible way. When TBoMS transmission is enabled, there is no need to occupy a lager frequency domain resources to achieve even lower code rate thanks to the increased time domain resources from multiple slots. Thus, the maximum number of PRB in the frequency domain can be limited. As a result, some bits of FDRA field in DCI can be saved.  Some companies argued that the PRBs limitation for TBoMS should be done by gNB scheduling, however, in this way, saving some bits in FDRA field will be disappeared. How to define the maximum number of PRBs, it could be further studied, e.g., depending on the number of slots for TBoMS could be considered.
Proposal 2: The maximum number of PRBs can be limited when TBoMS is enabled.
2.3 TBoMS structure
In RAN1#106-e, a working assumption of multiple TOTs are determined for a TBoMS and TB is transmitted on the multiple TOTs using a single RV were achieved. Comparing with multiple RVs cycling among TOTs within a TBoMS PUSCH, performance gain could be achieved based on single RV thanks to systematic bits will be fully mapped, in our view, the working assumption should be confirmed. Thus, the remaining issue is whether rate matching performs based on per slot or all slots allocated for TBoMS. In Rel-15/16, rate matching is performed once for a TB if there is no CB segmentation, otherwise, rate matching should be performed for each CB. If the TBS of TBoMS is small so that the CB segmentation doesn’t happen, then rate matching based on all slots allocated for TBoMS will be performed with legacy rate matching mechanism in Rel-15/16. If the TBS of TBoMS is large and the CB segmentation do happen, when the number of CBs within a slot is not an integer, the legacy rate matching mechanism could not be reused directly if the rate matching performed per slot. As a result, RM performing based on all slots allocated for TBoMS is prefer.
Proposal 3: Confirming the working assumption of multiple TOTs are determined for a TBoMS and TB is transmitted on the multiple TOTs using a single RV.
· Rate matching is performed based on all slots/TOTs allocated for TBoMS.
2.4 Power control
In Rel-15/16, the UE determines the PUSCH transmission power [image: ]in PUSCH transmission occasion i as:
[image: ][dBm]

It depends on the total number of REs for the PUSCH transmission occasion with excluding DMRS and PTRS REs. When TBoMS is enabled, similarly, the TBoMS PUSCH could be regarded as a transmission occasion and the transmission power determination should also be based on the total number of REs within all slots for TB processing excluding the overhead of reference signals.
Proposal 4: The transmission power determination of TBoMS should be based on all of REs excluding the overhead of reference signals.
2.5 UCI multiplexing
In the current specification, when a single PUCCH and PUSCH transmissions of same priority index overlaps with each other, the UCI is multiplexed on the PUSCH in the overlapped slot and the PUCCH transmission is cancelled if the timeline condition is met. When TBoMS transmission is enabled, a TB would be occupied multiple of slots, the legacy per-slot UCI multiplexing mechanism is not applicable. 
When the overlapping of PUCCH and PUSCH is realized by UE before the start of TBoMS PUSCH preparation, the UE can determine the amount of REs for the TBoMS PUSCH in consideration of UCI transmission resources when performing rate-matching, but not vice versa. UCI puncturing can be an option when the determination time is later than the start of the PUSCH preparation, as shown in Figure 1.


Figure 1: UCI multiplexing mechanism
[bookmark: _Hlk71621211]Proposal 5: UCI multiplexing is performed by puncturing or rate-matching depending on the determination time is before or latter the starting time of PUSCH preparation.
In the current UCI multiplexing mechanism, the UE expects that the first symbol  of the earliest PUSCH of the overlapping slot, satisfies the corresponding timeline conditions. As show in figure 2.


Figure 2 Timeline of UCI multiplexing
For TBoMS, if rate matching is performed per-TOT or cross all allocated slots of TBoMS, the overlapping slot is most likely not the first slot of the TOT or the first slot of the TBoMS. With the current specification, the position of S0 makes UCI multiplexing less flexible, For example, time domain resources prior to S0 within the TOT scope cannot be used by UCI, as show in figure 3.


Figure 3. UCI multiplexing mechanism on TBoMS
Proposal 6: If rate matching is performed per-TOT or cross all allocated slots of TBoMS, should be redefined.
We know the timelines are different for the cases with and without multiplexing. The reason for the difference is that UCI multiplexing performed by rate-matching in current specification, so the impact of processing time of other type messages to be considered, and then the  is introduced which is the first symbol of the earliest PUSCH. But if UCI multiplexing performed by puncturing, the impact on PUSCH transmission will be ignored, and should be defined independently of PUSCH transmission and probably not the first symbol of PUSCH
Proposal 7: If UCI multiplexing is performed by puncturing，  may differ from rate-matching for UCI multiplexing.
In Rel-15/16, the resources on PUSCH for UCI multiplexing is derived based on RRC parameter beta-offset, scaling (α) and PUSCH length. The number of symbols for UCI multiplexing on a PUSCH is derived based on the equations as described in TS 38.212. Take HARQ-ACK for PDSCH multiplexed on PUSCH as an example, the number of symbols for UCI multiplexing on a PUSCH is derived based on the following equation:

For per-TBoMS rate-matching, is the total number of OFDM symbols of the PUSCH of N allocated slot for TBoMS.  is the number of code blocks for UL-SCH of the PUSCH transmission . Since is correlated with transport block size (TBS), and TBS of TBoMS is correlated with the scaling factor value k.  In the last RAN1 meeting, the scaling factor value k = N is supported, where N is the number of allocated slots for a single TBoMS, whether the further values 1<k<N supported or not is FFS.
If the existing equations are reused by TBoMS, and 1<k<N are supported, the number of resource elements used for UCI transmission may increase dramatically. Similarly, the calculation formula of  should be scaled by k/N, or   | α scaled by k/N.
Proposal 8: For per-TBoMS rate-matching, the calculation formula of  should be scaled by k/N, or   | α scaled by k/N to keep the UCI resources close to the current specification.
Considering that when TBoMS is scheduled, UE is generally located at the edge of the cell with poor coverage. If UCI multiplexing occurs at this time, it means that UCI coverage is also poor. UCI coverage needs to be improved, which can be addressed by increasing UCI resources with UCI repetition.
Proposal 9: If UCI multiplexing in TBoMS is supported, UCI repetition should be considered.
2.6 Frequency hopping
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Frequency hopping can obtain the gain of frequency diversity and interference diversity, which can effectively improve the performance of PUSCH transmission. In the last meeting, frequency hopping (FH) aspects were mentioned in some contributions. Unfortunately, due to time limited, the issue has not been discussed. In our view, frequency hopping and joint channel estimation need to be supported in the design of TBoMS transmission.
Similar to PUSCH repetition Type A, two frequency hopping modes should be supported TBoMS transmission, namely, intra-slot frequency hopping and inter-slot frequency hopping are showed in figure 3 and figure 4 respectively.


Figure 4: Intra-slot frequency hopping


Figure 5: Inter-slot frequency hopping

Proposal 10: Intra-slot and inter-slot frequency hopping should be supported for TBoMS.
The bundling of frequency hopping, discussed in AI 8.1.1.3, should be supported by TBoMS transmission. The bundled size is in the unit of slot, which is obviously associated with inter-slot frequency hopping.


Figure 6: Inter-slot frequency hopping with inter-slot bundling
Proposal 11: The bundling of inter-slot frequency hopping should be supported for TBoMS.
3. Conclusion
In this contribution, the following proposals and observations have been made:
Proposal 1: Adding a new column into TDRA table to indicate the number of slots for TBoMS.
· Support {2, 3, 4, 6} as the candidate values. 
Proposal 2: The maximum number of PRBs can be limited when TBoMS is enabled.
Proposal 3: Confirming the working assumption of multiple TOTs are determined for a TBoMS and TB is transmitted on the multiple TOTs using a single RV.
· Rate matching is performed based on all slots/TOTs allocated for TBoMS.
Proposal 4: The transmission power determination of TBoMS should be based on all of REs excluding the overhead of reference signals.
Proposal5: UCI multiplexing is performed by puncturing or rate-matching depending on the determination time is before or latter the starting time of PUSCH preparation.
Proposal 6: If rate matching is performed per-TOT or cross all allocated slots of TBoMS, should be redefined.
Proposal 7: If UCI multiplexing is performed by puncturing，  may differ from rate-matching for UCI multiplexing.
Proposal 8: For per-TBoMS rate-matching, the calculation formula of  should be scaled by k/N, or   | α scaled by k/N to keep the UCI resources close to the current specification.
Proposal 9: If UCI multiplexing in TBoMS is supported, UCI repetition should be considered.
Proposal 10: Intra-slot and inter-slot frequency hopping should be supported for TBoMS.
Proposal 11: The bundling of inter-slot frequency hopping should be supported for TBoMS.
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