
Page 1

3GPP TSG RAN WG1 #108-e																		    R1-2201709
e-Meeting, February 21st – March 3rd, 2022

Source: 	Intel Corporation
Title:	Remaining details on TB processing over multi-slot PUSCH
Agenda item:	8.8.1.2
Document for:	Discussion and Decision
[bookmark: _Ref506539118]Introduction
At the RAN1#107b-e meeting, the following agreements and conclusions were made regarding TB processing over multi-slot PUSCH (TBoMS) [1]:
Conclusion
There is no consensus in RAN1 on whether the index of the starting coded bit in the circular buffer should be expressed as function of the lifting size .
Agreement
The Rel-16 per-slot transmission occasion definition is re-used for transmission power determination for TBoMS.
Conclusion 
· Configuration and/or indication of priority of TBoMS transmission is up to gNB. 
· No new TBoMS-specific collision handling and dropping rules are introduced.
Agreement
The following text proposal for TS 38.213, Clause 9.2.6, should be is adopted.
	9.2.6       PUCCH repetition procedure
<omitted text>
If a UE would transmit a PUCCH over a first number  of slots and the UE would transmit a PUSCH with repetition Type A or a TB processing over multiple slots over a second number of slots, and the PUCCH transmission would overlap with the PUSCH transmission in one or more slots, and the conditions in clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied in the overlapping slots, the UE transmits the PUCCH and does not transmit the PUSCH in the overlapping slots.
<omitted text>


Conclusion
Existing rules can be reused for UCI multiplexing on PUSCH in case of TBoMS and UL CA scenario.
Agreement 
A UE that supports TBoMS supports all values of N defined for TBoMS, and a UE that supports TBoMS repetition supports all values of M defined for TBoMS repetition.
Agreement
The use of TBoMS for HD-FDD UE with counting on available slot is supported.
Note: existing mechanism as in AI8.8.1.1 should be applied for this case
Agreement
· For CG-PUSCH transmissions of TBoMS, the UE is not expected to be configured with the time duration for the N*M transmissions larger than the time duration derived by the periodicity P. 

Further, at the RAN#94-e meeting, the following agreement was made regarding the determination of the index of the starting coded bit for TBoMS [2].
Agreement:
· 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 the contribution, we discuss remaining issues 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 [3], [4] and [5], respectively. 
Discussion on starting position of coded bits 
[bookmark: _Hlk95439775]At the RAN#94-e meeting, it was agreed that Option C was adopted for starting position determination of coded bits in each slot for TBoMS, i.e., 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 [2].
Further, at the RAN#107b-e meeting, several issues regarding starting position determination for each slot of TBoMS were discussed with the following three aspects [6]:
1. Aspect 1 – The definition of G and E for TBoMS.
· Alt 1. G is redefined as the total number of coded bits available for transmission of the transport block in a slot.
· Alt 2. A new variable H is introduced, only for TBoMS, defined as the total number of coded bits available for transmission of the transport block in a slot.
2. Aspect 2 – The value of G and E for TBoMS (or, alternatively, the value of H).
· Interpretation 1. The starting index of circular buffer is determined assuming no UCI multiplexing, but the number of bits being selected in bit selection (value E) is determined considering UCI multiplexing.
· Interpretation 2. The starting index of circular buffer is determined assuming no UCI multiplexing, and the number of bits being selected in bit selection (value E) is determined assuming no UCI multiplexing.
3. Aspect 3 – Handling of the filler bits in TBoMS.
· Direction 1. Filler bits are considered to pre-determine the index of the starting bit for each allocated slot for TBoMS, to ensure no overlap exists between bit sequences transmitted over consecutive slots.
· Direction 2. Filler bits are not considered to pre-determine the index of the starting bit for each allocated slot for TBoMS and overlap between bit sequences transmitted over consecutive slots is allowed.
Although both alternatives in Aspect 1 may not affect current state of the implementation, the Alt 2 seems more reasonable in terms of ease of integration in specification and flexibility of the decisions for the subsequent aspects of starting position determination for each slot of TBoMS. Furthermore, Aspect1 - Alt 2 separates TBoMS as a Rel-17 feature by keeping G definition untouched.
Further, in Aspect 2, the value of the number of bits being selected in bit selection procedure needs to be defined. To follow the agreement on Option C from RAN#94-e meeting, Interpretation 1 with considering UCI multiplexing should be supported in RAN1 to avoid undesirable performance degradation of TBoMS due to puncturing after bit interleaving procedure. Aspect 2 – Interpretation 1 is especially possible by using together with Aspect1 - Alt 2 with introducing of new variable H as a number of coded bits available for transmission of the transport block in a slot.
For the same reason, i.e., to avoid performance degradation of TBoMS, filler bits should be considered to pre-determine the index of the starting bit for each allocated slot for TBoMS, to ensure no overlap exists between bit sequences transmitted over consecutive slots. Filler bits positions are predetermined in circular buffer before bit selection process, so all starting bit positions can still be pre-calculated for all slots of TBoMS transmission. In our view. the implementation complexity is not increased much due to such rule, while specification impact is similar for both Direction 1 and 2 of Aspect 3. Hence, Direction 1 is slightly preferred for Aspect 3.
Proposal 1
· Support Alternative 2 for Aspect 1.
· A new variable H is introduced only for TBoMS, which is defined as the total number of coded bits available for transmission of the transport block in a slot.
· Support Interpretation 1 for Aspect 2.
· The starting index of circular buffer is determined assuming no UCI multiplexing, but the number of bits being selected in bit selection (value H) is determined considering UCI multiplexing.
· Support Direction 1 for Aspect 3.
· Filler bits are considered to pre-determine the index of the starting bit for each allocated slot for TBoMS, to ensure no overlap exists between bit sequences transmitted over consecutive slots.

Discussion on Type 1 CG-PUSCH for TBoMS
At the RAN1#106-e meeting, it was agreed to support TBoMS for both configured grant and dynamic grant [7]. This indicates that both Type 1 and Type 2 CG-PUSCH should be supported for TBoMS. Further, 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]. To enable the support of Type 1 CG-PUSCH for TBoMS, number of slots for the transmission of TBoMS can be configured as part of ConfiguredGrantConfig parameters. 
Proposal 2
· Type-1 CG-PUSCH is supported for TBoMS. 
· Number of slots for TBoMS transmission is configured in ConfiguredGrantConfig. 

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 1 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. 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 1. Out of order handling between TBoMS and single-slot PUSCH
Proposal 3
· For out of order handling for TBoMS:
· Consider Case A), B) and C) in Figure 2 as out of order scheduling.   

Counting based on available slot for TBoMS
At the RAN1#106-e meeting, it was agreed that the number of slots allocated for TBoMS is counted based on the available slots for UL transmission. In addition, the determination of available slots for PUSCH repetition type A is reused for that for TBoMS [7]. Note that available slot counting parameter is not applied for TBoMS transmission. Further, description for the cancellation of TBoMS in Section 6.1.2.1 is not accurate [8]. 
The following TP is proposed for cancellation of TBoMS transmission. 
	------------------------------   TP#1: TS 38.214-----------------------------------
6.1.2.1	Resource allocation in time domain
< Unchanged text omitted >
If AvailableSlotCounting is enabled and a UE would transmit a PUSCH of a TB processing over multiple slots or PUSCH repetition Type A when AvailableSlotCounting is enabled over  slots, and the UE does not transmit the PUSCH of a TB processing over multiple slots or the PUSCH repetition Type A in a slot from the  slots, according to clause 9, clause 11.1 and clause 11.2A of [6, TS 38.213], the UE counts the slots in the number of  slots.
< Unchanged text omitted >


Proposal 4
· Agree on TP#1 for cancellation of TBoMS transmission.

Further, for CG-PUSCH, description for the TBoMS transmission with counting based on available slots was missing in Section 6.1.2.3.3 [8]. The following TP is proposed for TBoMS transmission with counting based on available slots for CG-PUSCH, including the case of HD-FDD RedCap UEs. 
	------------------------------   TP#2: TS 38.214-----------------------------------
[bookmark: _Toc91695492]6.1.2.3.3	Transport Block repetition for uplink transmissions of TB processing over multiple slots with a configured grant
< Unchanged text omitted >
If the UE determines that, for a transmission occasion, the number of symbols available in a slot for the PUSCH transmission of TB processing over multiple slots is smaller than transmission duration L, the UE does not transmit the PUSCH in the transmission occasion.
For Type 2 PUSCH transmission with a configured grant of TB processing over multiple slots,
-	For unpaired spectrum:
-	The UE shall transmit the TB across the  slots determined for the PUSCH transmission applying the same symbol allocation in each slot. A slot is not counted in the number of N∙K slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
-	For paired spectrum and SUL band:
-	The UE shall transmit the TB across the  consecutive slots applying the same symbol allocation in each slot. 
-	For the case of a reduced capability half-duplex UE, the UE shall transmit the TB across the  slots determined for the PUSCH transmission applying the same symbol allocation in each slot. A slot is not counted in the number of  slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
For Type 2 PUSCH transmission with a configured grant of TB processing over multiple slots, the UE shall transmit the TB across the  slots determined for the PUSCH transmission applying the same symbol allocation in each slot. A Type 2 PUSCH transmission with a configured grant of TB processing over multiple slots is omitted in a slot according to the conditions in clause 9, clause 11.1 and clause 11.2A of [6, TS 38.213].
< Unchanged text omitted >


Proposal 5
· Agree on TP#2 for TBoMS transmission with counting based on available slots for CG-PUSCH.

CSI reports on TBoMS
At the RAN1#107b-e meeting, it was concluded that existing rules can be reused for UCI multiplexing on PUSCH in case of TBoMS and UL CA scenario [1]. Following this conclusion, when SP/A-CSI reports are multiplexed on TBoMS, similar mechanism as defined for PUSCH repetition type A can be reused. In particular, for A-CSI multiplexing on TBoMS with UL-SCH, A-CSI is only multiplexed in the first transmission occasion of TBoMS. In addition, for SP/A-CSI multiplexing on TBoMS without UL-SCH, SP/A-CSI is only multiplexed in the first transmission occasion and the remaining transmission occasions for TBoMS are not transmitted.  
The following TP is proposed for SP/A-CSI multiplexing on TBoMS. 
	------------------------------   TP#3: TS 38.214-----------------------------------
[bookmark: _Toc11352143][bookmark: _Toc20318033][bookmark: _Toc27299931][bookmark: _Toc29673204][bookmark: _Toc29673345][bookmark: _Toc29674338][bookmark: _Toc36645568][bookmark: _Toc45810613][bookmark: _Toc91695483]6.1.2.1	Resource allocation in time domain
< Unchanged text omitted >
For PUSCH repetition Type A, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and schedules aperiodic CSI report(s) on PUSCH with transport block by a 'CSI request' field on a DCI, the CSI report(s) multiplexing is determined as follows
-	if higher layer paremeter AP-CSI-MultiplexingMode in CSI-AperiodicTriggerStateList is enabled and UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted separately only on the first transmission occasion associated with the first SRS resource set and the first transmission occasion associated with the second SRS resource set. 
-	otherwise, the CSI report(s) is transmitted only on the first transmission occasion. 
For PUSCH transmissions of TB processing over multiple slots, when a DCI format 0_1 and DCI format 0_2 schedules aperiodic CSI report(s) on PUSCH with transport block by a 'CSI request' field on a DCI, the CSI report(s) is transmitted only on the first transmission occasion. 
< Unchanged text omitted >
For PUSCH repetition Type A, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and schedules aperiodic CSI report(s) on PUSCH with no transport block by a 'CSI request' field on a DCI, the number of repetitions is assumed to be 2 regardless of the value of numberOfRepetitions or pusch-AggregationFactor (if numberOfRepetitions is not present in the time domain resource allocation table), and transmission of CSI report(s) is determined as follows
-	if higher layer paremeter AP-CSI-MultiplexingMode in CSI-AperiodicTriggerStateList is enabled and UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted separately on the first transmission occasion and the second transmission occasion
-	otherwise, the CSI report(s) is transmitted only on the first transmission occasion. 
For PUSCH transmissions of TB processing over multiple slots, when a DCI format 0_1 and DCI format 0_2 schedules aperiodic CSI report(s) on PUSCH with no transport block by a 'CSI request' field on a DCI, the number of slots used for TBS determination is assumed to be 1 regardless of the value of numberOfSlotsTBoMS, and the number of repetitions is assumed to be 1 regardless of the value of numberOfRepetitions. The CSI report(s) is transmitted only on the first transmission occasion. 
< Unchanged text omitted >
[bookmark: _Hlk86168425]For PUSCH repetition Type A, when a DCI format 0_1 and DCI format 0_2 indicates codepoint "10" or "11" for the SRS resource set indicator and activates semi-persistent CSI report(s) on PUSCH with no transport block by a 'CSI request' field on a DCI, the number of repetitions is always assumed to be 2 regardless of the value of numberOfRepetitions or pusch-AggregationFactor (if numberOfRepetitions is not present in the time domain resource allocation table), and transmission of CSI report(s) is determined as follows
-	if higher layer paremeter SP-CSI-MultiplexingMode in CSI-SemiPersistenetOnPUSCH-TriggerStateList is enabled and UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted separately on the first transmission occasion and the second transmission occasion
-	otherwise, the CSI report(s) is transmitted only on the first transmission occasion. 
For PUSCH transmissions of TB processing over multiple slots, when a DCI format 0_1 and DCI format 0_2 activates semi-persistent CSI report(s) on PUSCH with no transport block by a 'CSI request' field on a DCI, the number of slots used for TBS determination is assumed to be 1 regardless of the value of numberOfSlotsTBoMS, and the number of repetitions is assumed to be 1 regardless of the value of numberOfRepetitions. The CSI report(s) is transmitted only on the first transmission occasion.
< Unchanged text omitted >



Proposal 6
· Existing mechanism as defined for SP/A-CSI multiplexing on PUSCH repetition type A is reused for that for TBoMS.
· Agree on TP#4 for SP/A-CSI multiplexing on TBoMS.

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed remaining issue for TB processing over multi-slot PUSCH. Further, we summarize the proposals as follows:
Proposal 1
· Support Alternative 2 for Aspect 1.
· A new variable H is introduced only for TBoMS, which is defined as the total number of coded bits available for transmission of the transport block in a slot.
· Support Interpretation 1 for Aspect 2.
· The starting index of circular buffer is determined assuming no UCI multiplexing, but the number of bits being selected in bit selection (value H) is determined considering UCI multiplexing.
· Support Direction 1 for Aspect 3.
· Filler bits are considered to pre-determine the index of the starting bit for each allocated slot for TBoMS, to ensure no overlap exists between bit sequences transmitted over consecutive slots.
Proposal 2
· Type-1 CG-PUSCH is supported for TBoMS. 
· Number of slots for TBoMS transmission is configured in ConfiguredGrantConfig. 
Proposal 3
· For out of order handling for TBoMS:
· Consider Case A), B) and C) in Figure 2 as out of order scheduling.   
Proposal 4
· Agree on TP#1 for cancellation of TBoMS transmission.
Proposal 5
· Agree on TP#2 for TBoMS transmission with counting based on available slots for CG-PUSCH.
Proposal 6
· Existing mechanism as defined for SP/A-CSI multiplexing on PUSCH repetition type A is reused for that for TBoMS.
· Agree on TP#3 for SP/A-CSI multiplexing on TBoMS.
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