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Introduction
Enhancements on PUSCH repetition type A, TB processing over multi-slot PUSCH, and Type A PUSCH repetitions for Msg3 were discussed in the last meeting with following agreements:
Enhancements on PUSCH repetition type A:
Agreement
The TP#B’’ (in R1-2202567) to TS38.214 is endorsed

Agreement
· For DG-PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, the legacy counting method applies when K=1, regardless of whether AvailableSlotCounting is enabled or not
· Note: The legacy assumption on the K2 offset is applied, i.e., no RAN1 spec impact on the K2 offset is expected.
· For CG-PUSCH repetition Type A,  the legacy counting method applies when K=1, regardless of whether AvailableSlotCounting is enabled or not.
· Note: No RAN1 spec impact is expected.
· Note: No additional restriction on CG periodicity configurations, compared to Rel-16, is considered for CG-PUSCH with K=1.
· For CG-PUSCH repetition Type A, when AvailableSlotCounting is enabled, and for K>1, a UE assumes that the slot (i.e., the first configured slot in a CG period) determined in 38.321 Section 5.8.2 can be the slot which is not counted in K available slots.
· Note: No RAN1 spec impact is expected.

TB processing over multi-slot PUSCH:
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 redefined 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 -th slot of a single TBoMS, i.e., , is calculated as 
		
Where:
·  is given by Table 5.4.2.1-2.  
·  is the number of slots allocated for TBoMS
·  is the length of circular buffer
·  is the total number of coded bits available for transmission of the TB in a slot allocated for TBoMS, assuming no UCI multiplexing
·  is the number of filler bits that would be skipped in the bit selection step, assuming no UCI multiplexing, in the -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  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 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 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  and LDPC base graph and [] for n-th slot, 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 -th slot of a single TBoMS, i.e., , is calculated as 
		
Where:
·  k0 is given by Table 5.4.2.1-2.  
·  is the number of slots allocated for TBoMS
·  is the length of circular buffer
·  is the total number of coded bits available for transmission of the TB in a slot allocated for TBoMS, assuming no UCI multiplexing
·  is the number of filler bits that would be skipped in the bit selection step, assuming no UCI multiplexing, in the -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.  

Type A PUSCH repetitions for Msg3:
Agreement (Excerpted from RAN1#107bis-e) 
Regarding how a UE should interpret MCS information field for indication of the number of repetitions for the case of CBRA, Option 1 is supported.
·  When a UE requests Msg3 repetition, the repurposed MCS information field is applied. gNB schedules Msg3 with or without repetition for the UE requesting Msg3 repetition.
· Repetition factor K=1 is included in the four candidate repetition factors used for repetition indication. 
· When the UE doesn’t request Msg3 repetition (including legacy UE), the legacy MCS information field is applied. gNB schedules Msg3 without repetition for the UE not requesting Msg3 repetition.

Agreement 
The above agreement (Excerpted from RAN1#107bis-e) is updated as follows.
	Regarding how a UE should interpret MCS information field for indication of the number of repetitions for the case of CBRA, Option 1 is supported.
· When a UE requests Msg3 repetition, the repurposed MCS information field is applied. gNB schedules Msg3 with or without repetition for the UE requesting Msg3 repetition.
·    Whether Rrepetition factor K=1 is included in the four candidate repetition factors used for repetition indication is up to gNB configuration.
· When the UE doesn’t request Msg3 repetition (including legacy UE), the legacy MCS information field is applied. gNB schedules Msg3 without repetition for the UE not requesting Msg3 repetition.





Agreement
The Rel-17 collision rules among SSB and Msg3 PUSCH transmission for HD-FDD UEs, which is subject to the discussion on collision handling for Msg3 transmission in AI 8.6.1.2, can be reused for Msg3 PUSCH repetition for HD-FDD UEs.
Agreement
· RAN1 confirms to support separate RO for requesting of Msg3 PUSCH repetition in a BWP configured with ROs not for requesting of Msg3 PUSCH repetition.
· Note: It expects RAN2 will continue the work on RACH partitioning based on separate RO for Rel-17 CE, and no further action in RAN1 on this aspect is pursued unless triggered by RAN2. 

Agreement
[Draft] Reply LS on UL BWP with PRACH resources only for RACH with Msg3 repetition, R1-220xxxx (Reply LS_v02), is endorsed in principle

Agreement
Final LS on UL BWP with PRACH resources only for RACH with Msg3 repetition, R1-2202829, is endorsed.

Agreement
The following TP for Clause 6.1.2.1 of TS 38.214 h00 is endorsed.
	6.1.2.1 Resource allocation in time domain
<Unchanged parts are omitted>
 For PUSCH repetition Type A, when transmitting PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1, the number of repetitions K is determined as
- if numberOfRepetitions is present in the resource allocation table, the number of repetitions K is equal to numberOfRepetitions;
- elseif the UE is configured with pusch-AggregationFactor, the number of repetitions K is equal to pusch-AggregationFactor;
- otherwise K=1.
- the number of slots used for TBS determination N is equal to 1.
For PUSCH repetition type A, when transmitting PUSCH scheduled by RAR UL grant, the 2 MSBs of the MCS information field of the RAR UL grant provide a codepoint to determine the number of repetitions K according to Table 6.1.2.1-1A, based on whether or not the higher layer parameter numberOfMsg3Repetitions is configured. The number of slots used for TBS determination N is equal to 1.
For PUSCH repetition type A, when transmitting PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, the 2 MSBs of the MCS information field of the DCI format 0_0 with CRC scrambled by TC-RNTI provide a codepoint to determine the number of repetitions K according to Table 6.1.2.1-1A, based on whether or not the higher layer parameter numberOfMsg3Repetitions is configured. The number of slots used for TBS determination N is equal to 1. 
<Unchanged parts are omitted>


In this contribution, the remaining issues on PUSCH enhancements are discussed.
[bookmark: _Hlk86915024]Enhancements for PUSCH Repetition Type A

· The slot indicated by K2 offset for the available slot counting (DG-PUSCH with K>1)
In last meeting, companies discussed the case of DG-PUSCH, when AvailableSlotCounting is enables, and for K>1. There are two views about it.
· For DG-PUSCH scheduled by DCI format 0_1 or 0_2, when AvailableSlotCounting is enables, and for K>1, 
· Option 1: A UE does not assume that the slot indicated by K2 offset is the slot which is not counted in K available slot(s).
· Option 2: A UE assumes that the slot indicated by K2 offset can be the slot which is not counted in K available slot(s).
And there is no consensus on Rel-15/16 UE’s assumptions for Rel-15/16 DG-PUSCH with K>1. 
· Assumption #1: Rel-15/16 UEs may consider the case of overlapping between PUSCH symbols in the slot indicated by K2 offset and DL symbols as an unspecified error case.
· Assumption #2: Rel-15/16 UEs need to assume that overlapping between PUSCH symbols in the slot indicated by K2 offset and DL symbols may occur.
During last meeting, the similar case of CG-PUSCH was discussed and had following agreement:
	Agreement
· For CG-PUSCH repetition Type A, when AvailableSlotCounting is enabled, and for K>1, a UE assumes that the slot (i.e., the first configured slot in a CG period) determined in 38.321 Section 5.8.2 can be the slot which is not counted in K available slots.
· Note: No RAN1 spec impact is expected.


In our view, there is no restriction that the slot indicated by K2 offset needs to be valid for the PUSCH transmission in Rel-15/16 PUSCH repetitions. At the same time, TS38.213 Clause 11.1 has defined the collision handling rule between DG-PUSCH and DL/SSB symbols. We support assumption #2, it is possible that gNB cannot find a proper K2 value to avoid collision for the first repetition in TDD. 
Proposal 1: Support assumption #2: Rel-15/16 UEs need to assume that overlapping between PUSCH symbols in the slot indicated by K2 offset and DL symbols may occur.
Proposal 2: For DG-PUSCH scheduled by DCI format 0_1 or 0_2, when AvailableSlotCounting is enables, and for K>1. The slot indicated by K2 offset can be the slot which is not counted in K available slot(s).

· Corrections on frequency hopping
During last meeting, several alternatives were raised on frequency hopping, each described below.
	TP#2
6.3.1	Frequency hopping for PUSCH repetition Type A and for TB processing over multiple slots
For PUSCH repetition Type A other than the PUSCH scheduled by RAR UL grant or by DCI format 0_1 or 0_20 with CRC scrambled by TC-RNTI and for TB processing over multiple slots (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in onfiguredGrantConfig for configured PUSCH transmission. For PUSCH repetition Type A scheduled by RAR UL grant or by DCI format 0_0 with CRC scrambled by TC-RNTI, a UE is configured for frequency hopping by the frequency hopping flag information field of the RAR UL grant, and by the frequency hopping flag information field of DCI format 0_0 with CRC scrambled by TC-RNTI, respectively. One of two frequency hopping modes can be configured:
-	Intra-slot frequency hopping, applicable to single slot and multi-slot configured PUSCH transmission and multi-slot PUSCH transmission scheduled by DCI format 0_1 or 0_2 and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
-	Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.



	Variant#1 of TP#3
6.3.1	Frequency hopping for PUSCH repetition Type A and for TB processing over multiple slots
For PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2 and for TB processing over multiple slots (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in onfiguredGrantConfig for configured PUSCH transmission. For PUSCH repetition Type A scheduled by RAR UL grant or by DCI format 0_0 with CRC scrambled by TC-RNTI, and for PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI, a UE is configured for frequency hopping by the frequency hopping flag information field of the RAR UL grant, and by the frequency hopping flag information field of DCI format 0_0 with CRC scrambled by TC-RNTI, and by the frequency hopping flag information field of DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI, respectively. One of two frequency hopping modes can be configured:
-	Intra-slot frequency hopping, applicable to single slot and multi-slot configured PUSCH transmission and multi-slot PUSCH transmission scheduled by DCI format 0_1 or 0_2 and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
-	Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.



	Variant#2 of TP#3
6.3.1	Frequency hopping for PUSCH repetition Type A and for TB processing over multiple slots
For PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2 and for TB processing over multiple slots (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in onfiguredGrantConfig for configured PUSCH transmission. For PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI, a UE is configured for frequency hopping by the higher layer frequencyHopping provided in pusch-Config set to ‘intraSlot’. For PUSCH repetition Type A scheduled by RAR UL grant or by DCI format 0_0 with CRC scrambled by TC-RNTI, a UE is configured for frequency hopping by the frequency hopping flag information field of the RAR UL grant, and by the frequency hopping flag information field of DCI format 0_0 with CRC scrambled by TC-RNTI, respectively. One of two frequency hopping modes can be configured:
-	Intra-slot frequency hopping, applicable to single slot and multi-slot configured PUSCH transmission and multi-slot PUSCH transmission scheduled by DCI format 0_1 or 0_2 and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
-	Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
	



	Updated TP#4
6.3.1	Frequency hopping for PUSCH repetition Type A and for TB processing over multiple slots
For PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2 and for TB processing over multiple slots (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in referredGrantConfig for configured PUSCH transmission. For PUSCH repetition Type A scheduled by RAR UL grant or by DCI format 0_0 with CRC scrambled by TC-RNTI, a UE is configured for frequency hopping by the frequency hopping flag information field of the RAR UL grant, and by the frequency hopping flag information field of DCI format 0_0 with CRC scrambled by TC-RNTI, respectively. One of two frequency hopping modes can be configured:
-	Intra-slot frequency hopping, applicable to single slot and multi-slot configured PUSCH transmission and multi-slot PUSCH transmission scheduled by DCI format 0_1 or 0_2 and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
-	Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
	



During the email discussion in RAN1#108, the proposed conclusion was updated as the following.
	· It is RAN1’s common understanding that:
· For PUSCH scheduled (with or without repetitions) by RAR UL grant or by DCI format 0_0 with CRC scrambled by TC-RNTI, the UE is not required to read frequencyHopping in pusch-Config for the determination of frequency hopping type or for the determination of whether the frequency hopping is configured for the PUSCH and is required to read the frequency hopping flag information field of the RAR UL grant or the DCI format 0_0 with CRC scrambled by TC-RNTI for the determination of whether the frequency hopping is configured for the PUSCH or not.
· For PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI, the conclusion for R1-2003594 in RAN1#101-e is applied.


The UE only needs to check frequency hopping flag field value in the DCI format 0_0. We prefer Variant #1 of TP3. 
Proposal 3: Support Variant #1 of TP3.

Conclusions
In this contribution, whether the slot indicated by K2 offset can be the slot which is not counted in K available slot(s) and corrections on frequency hopping are discussed. As summary, we have the following proposals.
Proposal 1: Support assumption #2: Rel-15/16 UEs need to assume that overlapping between PUSCH symbols in the slot indicated by K2 offset and DL symbols may occur.
Proposal 2: For DG-PUSCH scheduled by DCI format 0_1 or 0_2, when AvailableSlotCounting is enables, and for K>1. The slot indicated by K2 offset can be the slot which is not counted in K available slot(s).
Proposal 3: Support Variant #1 of TP3.

Reference
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