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1 Introduction
In RAN1#107-e meeting, the following agreements on TB processing over multi-slot PUSCH were achieved.
	Agreement

A single RV is used to transmit a single TBoMS.

· Note: It is common assumption for option B and option C for “Starting bit in each slot for the single TBoMS”

· Note: below working assumption does not need confirm.

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

The following working assumption is confirmed.

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.
Conclusion

There is no consensus in RAN1 to introduce any restriction on the combinations of N and M that can be configured in the TDRA table, other than the already agreed N*M <= 32 restriction.

Agreement
· For TBoMS, UCI is multiplexed on the individual overlapping slot for UL transmission in one carrier

· FFS: timeline requirements

· FFS: details on the calculation of the number of coded modulation symbols per layer for UCI multiplexing on a single TBoMS.

Note: no new UCI multiplexing mechanism other than existing puncturing or rate-matching is introduced for TBoMS in Rel-17.
Agreement
For TBoMS repetitions, if the parameter numberOfRepetitions is not configured in the TDRA table, then the number of repetitions M of a single TBoMS is equal to 1.

Agreement
For a configured grant type 2, if M=1, or if M>1 and the configured grant is configured with startingFromRV0 set to 'off', the initial transmission of the transport block may only start at the first slot of the N*M slots determined as available for PUSCH transmission of TBoMS. Otherwise, the initial transmission of the transport block may start at

· The first slot of the N*M slots determined as available for PUSCH transmission of TBoMS if the configured RV sequence is {0,2,3,1},

· The first slot of any of the M groups of N slots determined as available for PUSCH transmission of TBoMS associated with RV=0, if the configured RV sequence is {0,3,0,3} or {0,0,0,0}.

Note: It is up to Editor to decide how to capture these rules.
Agreement
For UCI multiplexing on an available slot for TBoMS, the following are supported in Rel-17 for calculating [image: image3.png].
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· 

 is the number of symbols in an available slot for TBoMS in which UCI is multiplexed.
· The CB size is scaled by 

, where N is the number of slots allocated for TBoMS, i.e., 

 becomes 

.
Note: It is up to the Editor to decide how to capture the scaling in the specification.
Agreement
The UE does not expect NW to indicate a TBoMS configuration which results in a TBS which exceeds the maximum TBS for single CB transmission.
Agreement
For the retransmission of a single TBoMS with or without repetition in Rel-17:
· The gNB schedules only complete retransmissions of TBs.
· How the retransmission of the entire TB is done is up to gNB, e.g., could be single slot PUSCH retransmission or TBoMS retransmission, etc.
Note: this has no specification impact.



Besides, in RAN#94-e meeting, the following agreements on TB processing over multi-slot PUSCH were achieved.
	· The following proposal in slide 10 of RP-213615 was endorsed

· Proposal for GTW (same as intermediate round)
· For the determination of the index of the starting coded bit in a transmitted slot for TBoMS:
· adopt option C at RAN#94e
· task RAN1 to work on the corresponding CR(s) for RAN#95e



In this contribution, several aspects related to the support of TB processing over multi-slot PUSCH are to be discussed, including applicable DCI formats, early termination of transmission of the TBoMS PUSCH, frequency hopping pattern, frequency resources limitation and the timeline requirements for UCI multiplexing on TBoMS. 
2 Discussion
2.1 Applicable DCI formats  
 Generally, DCI format 0_0 (fallback DCI format) is smaller than the DCI format 0_1 (non-fallback DCI). And, the DCI format 0_0 only supports the basic NR functions, but DCI format 0_1 can support all the NR features, including carrier aggregation, massive MIMO and so on. In addition, in order to enhance the reliability of the transmission of the control channel for URLLC services, a new compact DCI format called DCI format 0_2 was introduced for uplink scheduling in Rel-16, which could have a smaller size than DCI format 0_0 based on the RRC signalling configuration of gNB. Of course, the new DCI format could also support all the NR features. So, there is one issue that needs to be discussed: whether the TBoMS can be scheduled by all the uplink DCI formats or can only be scheduled by partial DCI formats. Just like the design in Rel-16, both PUSCH repetition type A and PUSCH repetition type B can only be scheduled by the DCI format 0_1/0_2, and no IE numberofrepetitions is added to the TDRA table configured for DCI format 0_0. According to the similar design, it is recommended that TBoMS can only be scheduled by DCI format 0_1/0_2.
Proposal 1: Don’t support fallback DCI format for the scheduling of TBoMS PUSCH.
2.2 Early termination of TBoMS transmission 
In Rel-16, PUSCH repetitions with configured grant will be terminated when the UE receives a scheduling DCI carrying the same HARQ process number in license spectrum, or when the UE receives an ACK for a given HARQ processing in CG-DFI in the shared spectrum, as illustrated in Figure 1. Some RRC parameters related to the configured grant, such as the number of repetitions, MCS, etc., may be configured by the gNB considering the worse coverage or channel conditions, or the channel measurement result is relatively poor before these parameters are configured. While, non-stationary UEs may not always be in a bad channel state, so the design of early termination mechanism for PUSCH repetitions in Rel-16 is reasonable. 
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Figure 1 Early termination of PUSCH transmission with repetitions in license band in Rel-16

In addition to the TBS calculation, the biggest difference between the PUSCH repetition and TBoMS is the selection of start bit of each slot during rate matching. Since bits selection and bits interleaving of TBoMS are performed per slot, the gNB could try to decode after receiving some coded bits in part of the allocated slots. And, in the case of a better channel status, the decoding may be successful.  Thus, just like the PUSCH repetition in rel-16, the early termination mechanism can also be supported for TBoMS at least for configured grant in both license and unlicensed spectrum.
Proposal 2: Support the early termination mechanism for TBoMS with configured grant.
· FFS: Whether to support early termination of TBoMS with dynamic grant
2.3 Frequency hopping pattern

To get better coverage, frequency hopping should be supported for TB processing over multi-slot PUSCH, by which frequency diversity gain can be obtained. For PUSCH type A repetition in release 16, both inter-slot frequency hopping and intra-slot frequency hopping are supported, as illustrated in Figure 2 and Figure 3. It is obviously that intra-slot frequency hopping is more suitable for fast varying channel conditions, while inter-slot frequency hopping could make better use of DMRS located in the same slot with a relative stable channel status. So, both inter-slot and intra-slot frequency hopping were already agreed for TBoMS for different channel conditions in the previous meetings. 
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Figure 2 Inter-slot frequency hopping for PUSCH repetition type A
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Figure 3 Intra-slot frequency hopping for PUSCH repetition type A

Furthermore, to get more accurate channel estimation, joint channel estimation can be combined with TBoMS when the channel state is relative stable. Frequency resources location within the JCE window needs to be consistent and the duration of JCE window can be several slots. So, if JCE is applied, the original intra-slot frequency hopping and inter-slot frequency hopping is no longer applicable, and some modifications are needed.

To simplify the design of frequency hopping mode for TB processing over multi-slot, intra-TB frequency hopping should be taken into consideration. For intra-TB frequency hopping, different number of hops or different number of symbols in each hop can be configured by gNB according to different channel conditions, as illustrated in figure 4.a, 4.b and 4.c. For example, if the poor channel condition occurs, long hops with more symbols are configured to get more accurate channel estimation with more available DMRS; while, if the channel status changes fast, less symbols are configured for each hop. Through flexible configuration, the functions of inter-slot frequency hopping and intra-slot like frequency hopping can be achieved. What’s more, intra-TB frequency hopping can also be used in combination with joint channel estimation by configuring more symbols or more slots, e.g., more than 14 symbols or 1 slot, for each hop. Thus, intra-TB frequency hopping should be supported due to its flexible design.
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Figure 4.a Intra-TB frequency hopping configured with 6 symbols in a hop
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Figure 4.b Intra-TB frequency hopping configured with 10 symbols in a hop
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Figure 4.c Intra-TB frequency hopping configured with 20 symbols in a hop

Proposal 3: Support intra-TB frequency hopping for TB processing over multi-slot PUSCH.

2.4 Frequency resources limitation 
TB processing over multi-slot PUSCH could obtain power boosting gain by concentrating transmission power in a narrow frequency resources, which is especially benefit for power limited scenarios with poor coverage. So, frequency resources allocated for TB processing over multi-slot PUSCH should be restricted in a limited number of RBs.  From our point of view, it can be achieved by gNB scheduling without any specification effort.

In release 16, both consecutive and non-consecutive frequency resources allocation types are supported for PUSCH transmission. For non-consecutive frequency resource allocation type, i.e., uplink resource allocation type 0, in order to reduce the overhead of FDRA field in the scheduling DCI, the granularity of frequency domain resources allocation named Resource Block Group (RBG) related to BWP size was given, as illustrated in table 1. When BWP size is more than 144 RBs, the granularity of resource allocation type 0 is 16 RBs. Considering that TBoMS needs a limited number of RBs, e.g. 4 RBs, wider BWPs are not suitable for TB processing over multi-slot configured with resource allocation type 0. 

Table 1 Nominal RBG size P

	Bandwidth Part Size
	Configuration 1
	Configuration 2

	1 – 36 
	2
	4

	37 – 72
	4
	8

	73 – 144
	8
	16

	145 – 275
	16
	16


Observation 1: TB processing over multi-slot PUSCH should work in a narrower bandwidth part when uplink frequency resource allocation type 0 is configured, which can be achieved by gNB scheduling.

Proposal 4: Limit the number of RBs allocated for TB processing over multi-slot PUSCH by gNB scheduling.

2.5 Timeline requirements for UCI multiplexing 
According to UCI multiplexing on PUSCH in Rel-16, the following timeline conditions should be satisfied: The time gap between the UL grant and the earliest overlapping PUSCH/PUCCH channel should be larger than the PUCCH and PUSCH preparation time. And, if there is HARQ-ACK carried in the PUCCH, the time gap between the PDSCH for the HARQ-ACK and the earliest overlapping PUSCH/PUCCH channel should be larger than the PDSCH decoding time and the PUCCH preparation time. While, for PUSCH repetitions type A in Rel-16, there are multiple slots allocated for the PUSCH channel, and the reference point for this PUSCH channel to count the timeline should be the first allocated symbol in the overlapping slot, just as illustrated in Figure 5. We think the UCI multiplexing timeline conditions designed for PUSCH repetition type A in Rel-16 can be reused for TBoMS without any further enhancement. Of course, the overlapping slot must be an available slot allocated for TBoMS, on which actual transmission will be occurred.
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Figure 5 UCI multiplexing on PUSCH with 4 repetitions 

Proposal 5: For TBoMS, reuse the timeline requirements for the UCI multiplexing on PUSCH repetition type A in Rel-16.

3 Conclusion
In this contribution, we discuss the mechanisms to support TB processing over multiple-slots PUSCH. Based on the discussion, our views are summarized as follows.
Observation 1: TB processing over multi-slot PUSCH should work in a narrower bandwidth part when uplink frequency resource allocation type 0 is configured, which can be achieved by gNB scheduling.

Proposal 1: Don’t support fallback DCI format for the scheduling of TBoMS PUSCH.

Proposal 2: Support the early termination mechanism for TBoMS with configured grant.
· FFS: Whether to support early termination of TBoMS with dynamic grant
Proposal 3: Support intra-TB frequency hopping for TB processing over multi-slot PUSCH.

Proposal 4: Limit the number of RBs allocated for TB processing over multi-slot PUSCH by gNB scheduling.

Proposal 5: For TBoMS, reuse the timeline requirements for the UCI multiplexing on PUSCH repetition type A in Rel-16.

