[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #107-bis-e	R1-2200161
e-Meeting, January 17 – 25, 2022

Agenda item:		8.8.1.2
Source:	Nokia, Nokia Shanghai Bell
Title:	Transport block processing for PUSCH coverage enhancements
Document for:		Discussion and Decision
Introduction
[bookmark: _Hlk510705081]The following can be noted from the work item description (WID) for Rel-17 coverage enhancement [1]:
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
As mentioned in the WID, this new feature enables the transmission of a transport block (TB) over multiple slots (referred to as TBoMS), wherein the transport block size (TBS) is determined based on the resource across multiple slots. This document discusses the remaining issues from the previous RAN1 meetings for this feature.
Discussion
[bookmark: _Ref86938518]Bit selection and UCI multiplexing
In RAN1 #106bis-e, the following agreement was made for bit selection:
	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.


In RAN#94-e meeting, the following agreement was made:
	[bookmark: _Hlk92362284]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


Following the above agreement from RAN#94-e meeting, corresponding CRs are needed for adopting Option C. 
Text proposal for bit selection
The procedure for bit selection in case of TBoMS should be added in Clause 5.4.2.1 of TS 38.212. 
[bookmark: _Toc92811187]Proposal 1. RAN1 to adopt the following text proposal for Section 5.4.2.1 of TS 38.212 (changes are highlighted in red).
	Reason for change:
	Completion of TBoMS feature for coverage enhancement in NR.

	
	

	Summary of change:
	Add descriptions for bit selection for TBoMS

	
	

	Consequences if not approved:
	Incomplete support of TBoMS in NR.

	
	

	Clauses affected:
	5.4.2.1, 6.2.5

	
	

	
	Y
	N
	
	

	Other specs
	X
	
	 Other core specifications	
	TS 38.211, TS 38.212, TS 38.214

	affected:
	
	X
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	



	<omitted text>
[bookmark: _Toc19798704][bookmark: _Toc26467175][bookmark: _Toc29326530][bookmark: _Toc29327680][bookmark: _Toc36045870][bookmark: _Toc36046130][bookmark: _Toc36046276][bookmark: _Toc45209193][bookmark: _Toc51852366][bookmark: _Toc90994045]5.4.2	Rate matching for LDPC code


The rate matching for LDPC code is defined per coded block and consists of bit selection and bit interleaving. The input bit sequence to rate matching is . The output bit sequence after rate matching is denoted as . 
[bookmark: _Toc19798705][bookmark: _Toc26467176][bookmark: _Toc29326531][bookmark: _Toc29327681][bookmark: _Toc36045871][bookmark: _Toc36046131][bookmark: _Toc36046277][bookmark: _Toc45209194][bookmark: _Toc51852367][bookmark: _Toc90994046]5.4.2.1	Bit selection




The bit sequence after encoding  from Clause 5.3.2 is written into a circular buffer of length  for the -th coded block, where  is defined in Clause 5.3.2.

<omitted text>




Denoting by  the rate matching output sequence length for the -th coded block, where the value of  is determined as follows:

Set 


for  to 

if the -th coded block is not scheduled for transmission as indicated by CBGTI according to Clause 5.1.7.2 for DL-SCH and 6.1.5.2 for UL-SCH in [6, TS 38.214]

;
else

if 

;
else

;
end if

;
end if
end for
where 

-	 is the number of transmission layers that the transport block is mapped onto;

-	 is the modulation order;

-	 is the total number of coded bits available for one transmission of the transport block;


-	 if CBGTI is not present in the DCI scheduling the transport block and  is the number of scheduled code blocks of the transport block if CBGTI is present in the DCI scheduling the transport block.






Denote by  the redundancy version number for this transmission ( = 0, 1, 2 or 3), the rate matching output bit sequence , , is generated as follows, where  is given by Table 5.4.2.1-2 according to the value of  and LDPC base graph, except for PUSCH transmissions when numberOfSlotsTBoMS is present in the resource allocation table and the value of numberOfSlotsTBoMS in the row indicated by the time domain resource assignment field in DCI is larger than 1:  

;

;

while 

if 

;

;
end if

;
end while
<omitted text>

[bookmark: _Toc19798716][bookmark: _Toc26467187][bookmark: _Toc29326542][bookmark: _Toc29327692][bookmark: _Toc36045882][bookmark: _Toc36046142][bookmark: _Toc36046288][bookmark: _Toc45209205][bookmark: _Toc51852378][bookmark: _Toc90994057]6.2.5	Rate matching




Coded bits for each code block, denoted as , are delivered to the rate match block, where  is the code block number, and  is the number of encoded bits in code block number . 



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 equal to 1, the total number of code blocks is denoted by  and each code block is individually rate matched according to Clause 5.4.2, by setting  if higher layer parameter rateMatching is set to limitedBufferRM and by setting  otherwise. 



After rate matching, the bits are denoted by, where is the number of rate matched bits for code block number .
If numberOfSlotsTBoMS is present in the resource allocation table and the value of numberOfSlotsTBoMS in the row indicated by the Time domain resource assignment field in DCI is larger than 1, denote by  the index of a PUSCH transmission in a number of PUSCH transmissions provided by numberOfSlotsTBoMS, starting from 0 to numberOfSlotsTBoMS -1, and denote by  the redundancy version number for the PUSCH transmission ( = 0, 1, 2 or 3). The bit selection output bit sequence , , for the PUSCH transmission is generated as follows, where  is given by Table 5.4.2.1-2 according to the value of  and LDPC base graph, and where the input bit sequence to rate matching  is obtained as described in Clause 5.3.2: 
;
;
while 
if 
;
;
end if
;
end while
The bit sequence  is interleaved to bit sequence , according to Clause 5.4.2.2.
<omitted text>



Discussion for UCI multiplexing
Clause 6.2.7 of TS 38.212 provides a pseudo code containing 6 steps for the multiplexing of UCI on PUSCH. In a nutshell, the 6 steps can be summarized as follows. 
· Step 1: Find the REs reserved for HARQ-ACK, in case the number of HARQ-ACK bits is less than or equal to 2.
· Step 2: Map the coded HARQ-ACK bits (if any) onto the corresponding REs, in case the number of HARQ-ACK bits is greater than 2.
· Step 3: Map the coded CSI part 1 and CSI part 2 bits (if any) onto the corresponding REs.
· Step 4: Map the coded data bits (if any) onto the corresponding REs.
· Step 5: Map the coded HARQ-ACK bits (if any) onto the REs reserved in Step 1, in case the number of HARQ-ACK bits is less than or equal to 2.
· Step 6: Form the codeword.
It can be observed that only Step 4 above is concerned for the UCI multiplexing on TBoMS. For TBoMS, the sequence of coded bits for UL-SCH  in Section 6.2.7 of TS 38.212 is the sequence at the output of rate-matching (assuming there is no UCI) for an individual PUSCH transmission among multiple PUSCH transmissions for TBoMS. Two straightforward options exist for puncturing the data bits for UCI in this case:
· Option 1: The first part of the sequence of data coded bits is punctured, i.e., the starting data coded bit for mapping in Step 4 is  bit of the sequence of data coded bits, where  is the total number of control coded bits (including all UCI types).
· Option 2: The last part of the sequence of data coded bits is punctured, i.e., the starting coded data bit for mapping in Step 4 is the first bit of the sequence of data coded bits.
It can be observed that the probability that a punctured bit is a systematic bit in Option 1 is higher than that in Option 2, especially when the UCI multiplexing occurs on the first slot allocated for TBoMS. This may hinder the decodability of TBoMS at gNB, and thue would be counterproductive for the performance of TBoMS itself. Furthermore, Option 1 requires a specification change, whereas it is not the case for Option 2. Therefore, the latter seems to be the best course of action and the following is proposed.
[bookmark: _Toc92811188]Proposal 2. Specification change is not needed for UCI multiplexing for TBoMS.
Processing timeline for UCI multiplexing
The following agreement was made in RAN1#107-e meeting:
	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.


While details on the calculation of the number of coded modulation symbols per layer for UCI multiplexing on a single TBoMS was resolved in RAN1#107-e meeting, the timeline requirements have not been concluded yet. It is worth noting that, following the agreement for the interleaving size made in RAN1#107-e, the index of the starting coded bit for each transmitted slot is predetermined prior to the start of the TBoMS transmission to ensure that only a single RV is used for TBoMS, i.e., the bits allocated across slots are back-to-back. With this common understanding, Option C keeps TBoMS and UCI multiplexing as independent processes until it is time to puncture the data bits for UCI. With this approach the starting bit in each slot is determined without the need for UCI multiplexing information to be available beforehand. Therefore, with the confirmation of Option C as per the agreement above from RAN plenary, the legacy UCI multiplexing timeline can be reused. 
[bookmark: _Toc92811189]Proposal 3. For multiplexing UCI on the individual overlapping slot for TBoMS, the legacy Rel-15/16 timeline requirements are reused for each UCI type.

TBoMS with configured grant
Constraints on the duration and termination of PUSCH transmissions
For PUSCH repetitions type A with configured grant, the UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P. This restriction is straightforward and should also be considered for TBoMS so that the scheduler can avoid any unnecessary special handling from the UE side. Therefore, we propose the following:
[bookmark: _Toc92811190]Proposal 4. RAN1 to adopt the following text proposal in Section 6.1.2.3.3 of TS 38.214 (changes are highlighted in red).
	Reason for change:
	Completion of TBoMS feature for coverage enhancement in NR.

	
	

	Summary of change:
	Complete the support of Type 2 CG-PUSCH for TBoMS

	
	

	Consequences if not approved:
	Avoid special handling of TBoMS configuration at the UE side in case of Type 2 CG-PUSCH 

	
	

	Clauses affected:
	6.1.2.3.3

	
	

	
	Y
	N
	
	

	Other specs
	X
	
	 Other core specifications	
	TS 38.211, TS 38.212, TS 38.214

	affected:
	
	X
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	



	<omitted text>
6.1.2.3.3 Transport Block repetition for uplink transmissions of TB processing over multiple slots with configured grant
<omitted text>
The UE is not expected to be configured with the time duration for N*K transmissions larger than the time duration derived by the periodicity P, where N is the number of allocated slots for TBoMS and K is the number of TBoMS repetitions.
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.
<omitted text>



Similarly, the constraints on termination of the transmission of PUSCH repetitions type A should also be applied for TBoMS. Specifically, it is specified for PUSCH repetitions type A that, for any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion among the K repetitions within the period P, or from the starting symbol of the repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first. In addition, the UE shall terminate the repetition of a transport block in a PUSCH transmission if the UE receives a DCI format 0_1 with DFI flag provided and set to '1', and if in this DCI the UE detects ACK for the HARQ process corresponding to that transport block. Therefore, we propose the following:
[bookmark: _Toc92811191]Proposal 5. RAN1 to adopt the following text proposal in Section 6.1.2.3.3 of TS 38.214 (changes are highlighted in red), 
	Reason for change:
	Completion of TBoMS feature for coverage enhancement in NR.

	
	

	Summary of change:
	Complete the support of Type 2 CG-PUSCH for TBoMS

	
	

	Consequences if not approved:
	Avoid special handling of TBoMS configuration at the UE side in case of Type 2 CG-PUSCH 

	
	

	Clauses affected:
	6.1.2.3.3

	
	

	
	Y
	N
	
	

	Other specs
	X
	
	 Other core specifications	
	TS 38.211, TS 38.212, TS 38.214

	affected:
	
	X
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	



	<omitted text>
6.1.2.3.3 Transport Block repetition for uplink transmissions of TB processing over multiple slots with configured grant
<omitted text>
For any RV sequence, the transmissions shall be terminated after  transmissions, or at the last transmission occasion among the  transmission within the period P, or from the starting symbol of the transmission that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first. In addition, the UE shall terminate the transmission of a transport block in a PUSCH transmission of TB processing over multiple slots if the UE receives a DCI format 0_1 with DFI flag provided and set to '1', and if in this DCI the UE detects ACK for the HARQ process corresponding to that transport block.
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]. 
<omitted text>



TBoMS and configured grant Type 1
During RAN1#107-e meeting and the post-RAN1#107-e RRC discussions, it was proposed by some companies that TBoMS with configured grant Type 1 should be supported. In fact, given the following agreements made in RAN1, the support of TBoMS with configured grant Type 1 is not straightforward.
	Agreements
Number of slots allocated for TBoMS is determined by using a row index of a TDRA list, configured via RRC.
 
· FFS: details.

Agreements
· The number N of allocated slots for TBoMS is indicated via a new column added to the TDRA table configured via PUSCH-TimeDomainAllocationList. The 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

Agreements 
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.


Indeed, from the agreements above, the number of slots allocated for TBoMS (N) and the number of TBoMS repetitions (M) are determined by using a row index of a TDRA table. The TDRA tables configured for DCI format 0_1/0_2 allow TBoMS to be used for DG-PUSCH and Type-2 CG-PUSCH. In contrast, the TDRA table for Type-1 CG-PUSCH, which follows the Rel-15 rules for DCI format 0_0 on UE specific search space, does not contain a column indicating the number of repetitions (which is only introduced in in Rel-16 for DCI format 0_1/0_2). This does not allow TBoMS to be used for Type-1 CG-PUSCH. In other words, the column for numberOfRepetitions does not exist in Rel-15 TDRA table. This issue has been discussed extensively under the AI 8.8.1.1 for several meetings and there was no agreement to add such a column (with increased number of repetitions) to TDRA list for Type-1 CG-PUSCH. In addition, the number of slots for TBoMS is configured using Rel-16 TDRA table, and not Rel-15 TDRA Table. 
From the above discussion, the only way to support TBoMS with configured grant type 1 is to configure separate RRC parameters that indicate N and M. However, this solution is very restrictive and should not be considered since it introduces two different ways of indicating N and M for TBoMS depending on the transmission mode, hence disregards the whole efforts made by RAN1 so far for finding a unified solution for TBoMS. In addition, although the availability of the parameter indicating N can be used to enable/disable TBoMS feature, another parameter may be needed for indicating whether TBoMS or any other PUSCH transmission mode (e.g., PUSCH repetitions Type A) should be used for the transmission. This parameter is not needed in case of indicating N and M by TDRA table wherein the value of N is interpreted for such indication. Moreover, if URLLC applications really need to be supported in coverage shortage scenarios, then supporting Type 2 CG should be sufficient.
[bookmark: _Toc92811192]Proposal 6. TBoMS with Type 1 configured grant PUSCH is not supported in Rel-17.
Conclusion
In this contribution, we discussed aspects related to the normative work necessary to provide support to multi-slot TB processing and transmission in Rel-17. 
The following proposals have been made:
Proposal 1. RAN1 to adopt the following text proposal for Section 5.4.2.1 of TS 38.212 (changes are highlighted in red).
	<omitted text>
5.4.2	Rate matching for LDPC code


The rate matching for LDPC code is defined per coded block and consists of bit selection and bit interleaving. The input bit sequence to rate matching is . The output bit sequence after rate matching is denoted as . 
5.4.2.1	Bit selection




The bit sequence after encoding  from Clause 5.3.2 is written into a circular buffer of length  for the -th coded block, where  is defined in Clause 5.3.2.

<omitted text>




Denoting by  the rate matching output sequence length for the -th coded block, where the value of  is determined as follows:

Set 


for  to 

if the -th coded block is not scheduled for transmission as indicated by CBGTI according to Clause 5.1.7.2 for DL-SCH and 6.1.5.2 for UL-SCH in [6, TS 38.214]

;
else

if 

;
else

;
end if

;
end if
end for
where 

-	 is the number of transmission layers that the transport block is mapped onto;

-	 is the modulation order;

-	 is the total number of coded bits available for one transmission of the transport block;


-	 if CBGTI is not present in the DCI scheduling the transport block and  is the number of scheduled code blocks of the transport block if CBGTI is present in the DCI scheduling the transport block.






Denote by  the redundancy version number for this transmission ( = 0, 1, 2 or 3), the rate matching output bit sequence , , is generated as follows, where  is given by Table 5.4.2.1-2 according to the value of  and LDPC base graph, except for PUSCH transmissions when numberOfSlotsTBoMS is present in the resource allocation table and the value of numberOfSlotsTBoMS in the row indicated by the time domain resource assignment field in DCI is larger than 1:  

;

;

while 

if 

;

;
end if

;
end while
<omitted text>

6.2.5	Rate matching




Coded bits for each code block, denoted as , are delivered to the rate match block, where  is the code block number, and  is the number of encoded bits in code block number . 



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 equal to 1, the total number of code blocks is denoted by  and each code block is individually rate matched according to Clause 5.4.2, by setting  if higher layer parameter rateMatching is set to limitedBufferRM and by setting  otherwise. 



After rate matching, the bits are denoted by, where is the number of rate matched bits for code block number .
If numberOfSlotsTBoMS is present in the resource allocation table and the value of numberOfSlotsTBoMS in the row indicated by the Time domain resource assignment field in DCI is larger than 1, denote by  the index of a PUSCH transmission in a number of PUSCH transmissions provided by numberOfSlotsTBoMS, starting from 0 to numberOfSlotsTBoMS -1, and denote by  the redundancy version number for the PUSCH transmission ( = 0, 1, 2 or 3). The bit selection output bit sequence , , for the PUSCH transmission is generated as follows, where  is given by Table 5.4.2.1-2 according to the value of  and LDPC base graph, and where the input bit sequence to rate matching  is obtained as described in Clause 5.3.2: 
;
;
while 
if 
;
;
end if
;
end while
The bit sequence  is interleaved to bit sequence , according to Clause 5.4.2.2.
<omitted text>



Proposal 2. Specification change is not needed for UCI multiplexing for TBoMS.

Proposal 3. For multiplexing UCI on the individual overlapping slot for TBoMS, the legacy Rel-15/16 timeline requirements are reused for each UCI type.

Proposal 4. RAN1 to adopt the following text proposal in Section 6.1.2.3.3 of TS 38.214 (changes are highlighted in red).
	<omitted text>
6.1.2.3.3 Transport Block repetition for uplink transmissions of TB processing over multiple slots with configured grant
<omitted text>
The UE is not expected to be configured with the time duration for N*K transmissions larger than the time duration derived by the periodicity P, where N is the number of allocated slots for TBoMS and K is the number of TBoMS repetitions.
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.
<omitted text>




Proposal 5. RAN1 to adopt the following text proposal in Section 6.1.2.3.3 of TS 38.214 (changes are highlighted in red).
	<omitted text>
6.1.2.3.3 Transport Block repetition for uplink transmissions of TB processing over multiple slots with configured grant
<omitted text>
For any RV sequence, the transmissions shall be terminated after  transmissions, or at the last transmission occasion among the  transmission within the period P, or from the starting symbol of the transmission that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first. In addition, the UE shall terminate the transmission of a transport block in a PUSCH transmission of TB processing over multiple slots if the UE receives a DCI format 0_1 with DFI flag provided and set to '1', and if in this DCI the UE detects ACK for the HARQ process corresponding to that transport block.
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]. 
<omitted text>



Proposal 6. TBoMS with Type 1 configured grant PUSCH is not supported in Rel-17.
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