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Introduction
In RAN1#106-e meeting, TB processing over multi-slot PUSCH was discussed, and the following agreements were made [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.3
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:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]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.
· 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

This contribution provides some considerations on TB processing over multi-slot PUSCH.
Rate matching 
Time unit of the bit interleaving
According to time unit of the bit interleaving, we suggest to confirm the following WA. 
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
· [bookmark: OLE_LINK25][bookmark: OLE_LINK26]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.

According to UCI multiplexing in the first FFS point, UCI multiplexing bits cannot be known prior to the start of the TBoMS transmission. Such as a dynamic HARQ-ACK overlapping with a later CG-PUSCH repetitions in Rel-15/16, as shown in the following Figure 1. This is the only case that UCI bits are not known before the start of PUSCH transmission in Rel-15/16. 
So when a CG-PUSCH using TBoMS transmission, a dynamic HARQ-ACK on PUCCH can be overlap with the TBoMS CG-PUSCH with a later slot too, such as the second slot in Figure 2. It is beneficial for HARQ-ACK feedback latency. gNB can schedule a HARQ-ACK feedback before the end of CG-PUSCH, only Tproc,1 timeline is needed here. And if a proper code bits determination method is used, the UCI multiplexing would not have effect to the index of the starting coded bit for all the allocated slots. 
[bookmark: _GoBack][image: ]
Figure 1: Dynamic HARQ-ACK overlapping with a later CG-PUSCH repetitions in Rel-15/16
[image: ]
Figure 2: Dynamic HARQ-ACK overlapping with a TBoMS CG-PUSCH in the second slot

Observation 1. Dynamic HARQ-ACK on PUCCH can be overlap with the TBoMS CG-PUSCH with a later slot.
Regarding the cancellation/dropping in the first FFS, we summarize the possible dynamic cancellation and dropping cases related with PUSCH in the Table 1 below. We think it would be better to discuss case by case and give a final conclusion. The other semi-static cancellation and dropping can be known before the start of TBoMS transmission. 
Table 1: Dynamic cancellation and dropping cases related with PUSCH
	Cases 
	Dynamic cancelation/dropping
	UE behaviour in Rel-15/16

	1
	PUSCH cancelation due to SFI or DCI in Rel-15
	Actual PUSCH repetition is cancelled after the ending symbol of DCI + 

	2
	HP PUCCH overlapping with LP PUSCH  in Rel-16 URLLC
	Actual LP PUSCH repetition is cancelled before the first symbol that would overlap with the first PUCCH transmission.
UE expects that HP PUCCH would not start before  after a last symbol of the corresponding PDCCH reception.

	3
	PUSCH cancellation by UL CI in Rel-16 URLLC
	Actual PUSCH repetition is cancelled after the ending symbol of DCI + 



Clearly, if TBoMS transmission is applied to PUSCH, these dynamic operation would have impact for its cancellation procedure. The some cancellations of PUSCH cannot be known prior to the starting of the TBoMS transmission, such as the three cases listed in Table 1 and an example in Figure 3. Dynamic SFI/DCI is received later than the start of TBoMS, and it intents to cancel the third slot transmission of TBoMS. It is legal schedule from the legacy timeline point of view.  One problem is whether or not to give new timeline for these dynamic indications to guarantee that they should be always send before the starting of the TBoMS. Our preference is not support new timeline.  Original Rel-15/16 timeline for cancellation can be applied to every allocated slot of TBoMS.

[image: ]
Figure 3: Dynamic SFI/DCI is received later than the start of TBoMs

Proposal 1. UCI multiplexing bits do not have to be known prior to the determination of the index of the starting coded bit for each transmitted slot. They have to obey the legacy timeline reference to the allocated slot that is overlapping with PUCCH.
Proposal 2. Cancellation/dropping of coded bit do not have to be known prior to the determination of the index of the starting coded bit for each transmitted slot. They have to obey the legacy timeline reference to the starting symbol in the allocated slot that is cancelled.
Starting bit in each slot for the single TBoMS
For starting bit in each slot for the single TBoMS, our preference is Option C. 
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.
As analysis above, dynamic HARQ-ACK on PUCCH can be overlap with the TBoMS CG-PUSCH with a later slot, which means if Option B is applied, the index of the starting coded bit in the circular buffer would be changed if there is UCI multiplexing in the previous slot. Obviously, index of the starting coded bit for each transmitted slot cannot be predetermined prior to the start of the TBoMS transmission. So to simplify the UE implementation, Option C is better than Option B.
Proposal 3. Support 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.
Repetition of a single TboMS
Frequency hopping
According to frequency hopping, there were four frequency hopping types discussed in previous meeting. The legacy Rel-15/16 intra-slot frequency hopping was agreed.
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.
There are still three frequency types need to down select. We give our considerations for these three frequency hopping as Table 2. 
Table 2: Frequency hopping patterns
	
	Frequency hopping patterns

	Inter-slot FH (same as the legacy PUSCH repetition Type A)
	[image: ]

	Inter-slot frequency hopping with inter-slot bundling for a single TboMS (with or without JCE)
	[image: ]

	Inter-repetition FH for TboMS repetitions
	[image: ]



For Inter-slot FH, we support it. It can provide frequency diversity per slot basis. Furthermore, supporting inter-slot frequency hopping for both TBoMS, is benefit for frequency resource hops shared with PUSCH repetitions, such as one hop offset position is used for PUSCH repetition type A. the other is used for TBoMS.
For Inter-slot frequency hopping with inter-slot bundling for a single TboMS, we support it only when DMRS bundling is enable for TBoMS. In this case, RRC could configured the frequency hopping duration. The length of slot bundling is not changed dynamically. However, we are also fine to decide this FH pattern after more achievements are made for JCE.
For Inter-repetition FH for TboMS repetitions, we do not support it. Because the allocated slots number is dynamically indicated by TDRA table and DCI. In this case, the frequency hopping duration could be dynamically changed, which will lead to scheduling difficulty such as UE multiplexing. 
Proposal 4. Support Inter-slot FH (same as the legacy PUSCH repetition Type A) for TBoMS. 
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observation and proposals.
Observation 1.	Dynamic HARQ-ACK on PUCCH can be overlap with the TBoMS CG-PUSCH with a later slot.
Proposal 1.	UCI multiplexing bits do not have to be known prior to the determination of the index of the starting coded bit for each transmitted slot. They have to obey the legacy timeline reference to the allocated slot that is overlapping with PUCCH.
Proposal 2.	Cancellation/dropping of coded bit do not have to be known prior to the determination of the index of the starting coded bit for each transmitted slot. They have to obey the legacy timeline reference to the starting symbol in the allocated slot that is cancelled.
Proposal 3.	Support 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.
Proposal 4.	Support Inter-slot FH (same as the legacy PUSCH repetition Type A) for TBoMS.
References
RAN1 106b-e Chairman’s Notes
R1-2110530 Final FL summary of TB processing over multi-slot PUSCH (AI 8.8.1.2)
4

4
3GPP
image2.png
Me{1,234,728,12,16}




image3.png
BPRE = )

K,/ (Nge * N),




image4.png




image5.emf
slot 0 1 2 3 4 5 6

Pcell 

dynamic

ACK on

PUCCH

Scell 0

CG-

PUSCH

rep#1

rep#2 rep#3 rep#4


image6.emf
slot 0 1 2 3 4 5 6

Pcell 

dynamic

ACK on

PUCCH

Scell 0

CG-PUSCH TBoMS N=4


image7.emf
slot 0 1 2 3 4 5 6

Pcell  SFI/DCI

Scell 0 TBoMS

cancelled

by SFI/DCI


image8.emf
inter slot FH

slot index 0 1 2 3 4 5 6 7

TBoMS


image9.emf
slot index 0 1 2 3 4 5 6 7

TBoMS rep #1 bundling #1 rep #2 bundling #1

rep #1 bundling #2 rep #2 bundling #2


image10.emf
slot index 0 1 2 3 4 5 6 7

TBoMS rep #1 TBoMS rep #3

TBoMS rep #2 TBoMS rep #4


image1.png
N €{24,8)




