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1 Introduction
In RAN1#108-e meeting, the following agreements on TB processing over multi-slot PUSCH were achieved.
	Agreement

For the bit selection of TBoMS:

· G in Clause 5.4.2.1 [and/or Clause 6.2.6] of TS 38.212 is defined for TBoMS as the total number of coded bits available for transmission of the transport block in a slot.

· Note: no intention to change the legacy behavior

For determining the index of the starting coded bit in the circular buffer for the n-th slot of a single TBoMS, RAN1 to down-select one of the following two options during RAN1 #108-e.

Option 1

The index of the starting coded bit in the circular buffer for the [image: image2.png]


-th slot of a single TBoMS, i.e., [image: image4.png]


, is calculated as 
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Where:
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 is given by Table 5.4.2.1-2.  
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 is the number of slots allocated for TBoMS
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 is the length of circular buffer
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 is the total number of coded bits available for transmission of the TB in a slot allocated for TBoMS, assuming no UCI multiplexing
· [image: image16.png]S



 is the number of filler bits that would be skipped in the bit selection step, assuming no UCI multiplexing, in the [image: image18.png]


-th slot allocated for TBoMS, if any.
Note: this equation describes the logic of the bit-selection for TBoMS; decision on where and how to capture this in TS 38.212 is up to the Editor.
Option 2

Adopt the following TP for TS 38.212

5.4.2.1
Bit selection

<Unchanged parts omitted>
Denote by 
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 the redundancy version number for this transmission (
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 = 0, 1, 2 or 3), the rate matching output bit sequence 
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, is generated as follows, where 
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 is given by Table 5.4.2.1-2 according to the value of 
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 and LDPC base graph if numberOfSlotsTBoMS is not present in the resource allocation table or the value of numberOfSlotsTBoMS in the row indicated by the Time domain resource assignment field in DCI is 1, otherwise 
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for the first allocated slot, that is the 0-th slot, is given by Table 5.4.2.1-2 according to the value of 
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] for n-th slot, [image: image29.png]


numberOfSlotsTBoMS-1, is the bit next to the last selected bit by the bit selection in the previous slot assuming the UCI is not multiplexed: 
Agreement

The index of the starting coded bit in the circular buffer for the [image: image31.png]


-th slot of a single TBoMS, i.e., [image: image33.png]


, is calculated as 
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Where:

· k0 is given by Table 5.4.2.1-2.
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 is the number of slots allocated for TBoMS
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 is the length of circular buffer

· [image: image41.png]


 is the total number of coded bits available for transmission of the TB in a slot allocated for TBoMS, assuming no UCI multiplexing
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 is the number of filler bits that would be skipped in the bit selection step, assuming no UCI multiplexing, in the [image: image45.png]


-th slot allocated for TBoMS, if any.

Note: this equation describes the logic of the determining the starting coded bit in bit selection for TBoMS slot; decision on where and how to capture this or wording that is equivalent in TS 38.212 is up to the editor.
Conclusion

There is no consensus in RAN1 to support TBoMS for CG-Type 1.

Conclusion
The decision on whether to modify the definition of G in Clause 6.2.6 of TS 38.212 such that this parameter is described as the total number of coded bits available for transmission of the transport block in a slot is left to the Editor’s discretion.



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 and frequency resources limitation.
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.

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.

