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1. Introduction
In RAN2#122, we received an LS from RAN1 [1] to ask if it is feasible to request PUCCH repetition for Msg4 HARQ-ACK via higher layer signaling in Msg3 PUSCH.
This contribution provides our view on the way to request PUCCH repetition for Msg4 HARQ-ACK and what RAN2 should do to the LS from RAN1.

2. Discussion
2.1. Observation of functionalities assumed in RAN1
RAN1 already made following related working assumptions before sending the LS. In short, RAN1 assume that a UE provides a repetition request or capability report for PUCCH repetition for Msg4 HARQ-ACK via Msg3 higher layer signaling and it is a two-state information. Two-state information implies that required repetition factor is not reported from UE and gNB decides applied repetition factor by its implementation (e.g., based on PRACH and/or Msg3 PUSCH reception).
RAN1#112bis-e [2]
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.
· Option B: Higher layer signaling in Msg3 PUSCH


RAN1#113 [3]
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, 
· Two-state information is transmitted as ‘repetition request or capability report’ in the existing agreements/working assumptions.
· The two-state information represents state 1: ‘repetition request or capability report’ or state 2: no indication.
· How to transmit the two-state information is up to RAN2 when higher layer signaling is used for the transmission.
· In state 1, only either repetition request or capability report is transmitted from each UE when transmitted, and they are not differentiated in the signaling.
· Note: repetition request and capability report are defined as in the working assumption reached at RAN1#112.



Now we would like to refer to more detailed functionalities assumed in RAN1.
The NTN-gNB broadcasts a supported repetition factor or multiple candidate repetition factors via SIB. Candidate factor(s) can be a subset of {1, 2, 4, 8}. Note that if only one repetition factor is configured it cannot be 1.
RAN1#111 [4]
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· FFS: whether UE requests repetition or indicates repetition capability
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
· FFS: whether UE requests repetition or indicates repetition capability
· FFS: whether repetition factor is indicated by UE
· FFS: UE behavior when repetition factor is not configured via SIB
· FFS: whether one or more UE capabilities are needed for the above is for further discussion


RAN1#112bis-e [3]
	Agreement
For PUCCH repetition for Msg4 HARQ-ACK, candidate values of only one repetition factor configuration via SIB are {2, 4, 8}.
· i.e., configuration of only ‘1’ is not supported.



Also, the gNB can broadcast an RSRP threshold. UEs capable of PUCCH repetition for Msg4 HARQ-ACK detect whether an actual RSRP is lower than the threshold. If it is, the UE transmits a repetition request.
RAN1#112 [3]
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB at least when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured and the configured RSRP threshold is smaller than X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request if measured RSRP is lower than a RSRP threshold.
· If the RSRP threshold is not configured, or if the configured RSRP threshold is X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· FFS: value of X (the maximum configurable value of the RSRP threshold)
· Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report



Then if only one repetition factor is configured in SIB, the gNB allocates resources for PUCCH based on the repetition factor. On the other hand, if multiple repetition factors are configured in SIB, the gNB conducts a dynamic indication of repetition factor, i.e., down-selects an appropriate repetition factor and indicates it to the UE, via DCI. In this case DAI field in DCI format 1_0 is utilized.
RAN1#113 [3]
	Agreement
For PUCCH repetition for Msg4 HARQ-ACK, 
· Support Alt 1-1d for dynamic indication of repetition factor:
· Alt 1-1d: DAI field
· DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI is used for indication.


Observation 1.	RAN1 assume that the UE requests PUCCH repetition for Msg4 HARQ-ACK via Msg3 higher layer signaling. The request is assumed to be a two-state information.

2.2. Is it feasible?
In our understanding, the request which RAN1 assume is feasible if we utilize reserved LCIDs. In other words, we can utilize 2 LCIDs for requests of PUCCH repetition for Msg4 HARQ-ACK with CCCH and CCCH1. Example change for TS 38.321 is following.
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Figure 1. Draft change to TS 38.321 to introduce the request of PUCCH repetition for Msg4 HARQ-ACK via Msg3 with utilizing new LCIDs.
Observation 2.	Two-state information in Msg3 to request PUCCH repetition for Msg4 HARQ-ACK is available by utilizing LCIDs.
RAN2 are asked by RAN1 to conclude whether it is feasible to implement the request via Msg3 higher layer signaling. The answer should be yes, but we do not think RAN2 need to send back an LS to RAN1 because RAN1 can find our conclusion regardless.
Proposal 1.	RAN2 confirm that the request of PUCCH repetition for Msg4 HARQ-ACK via Msg3 higher layer signaling is feasible.
Proposal 2.	For request of PUCCH repetition for Msg4 HARQ-ACK, LCIDs are utilized.

2.3. Consideration of early indication by (e)RedCap UE
Note that RedCap UEs may conduct early indication via Msg3. In other words, RedCap UEs indicate their identity in initial access procedure, and one option is to use LCID = 35 or LCID = 36 (please see Figure 1 above) for Msg3 to inform the gNB that they are RedCap UEs.
Furthermore, in discussion for Rel-18 RedCap in RAN2#122, RAN2 agreed that two more LCIDs are utilized for early indication by eRedCap UEs.
RAN2#122 [5]
	All R18 eRedCap UEs uses the two new LCIDs for Msg3/MsgA PUSCH for CCCH/CCCH1 during Random Access, i.e., both those with peak rate reduction + BB BW reduction, and those with only peak rate reduction.



Therefore, if it is a case where a (e)RedCap UE supporting PUCCH repetition for Msg4 HARQ-ACK does an early indication and a repetition request via Msg3 simultaneously, we would have to utilize 4 more LCIDs like:
- CCCH of size 48 bits (“CCCH”) with request of PUCCH repetition for Msg4 HARQ-ACK for NTN for a RedCap UE.
- CCCH of size 64 bits (“CCCH1”) with request of PUCCH repetition for Msg4 HARQ-ACK for NTN for a RedCap UE.
- CCCH of size 48 bits (“CCCH”) with request of PUCCH repetition for Msg4 HARQ-ACK for NTN for a eRedCap UE.
- CCCH of size 64 bits (“CCCH1”) with request of PUCCH repetition for Msg4 HARQ-ACK for NTN for a eRedCap UE.
However, considering the number of remaining reserved LCIDs for UL-SCH (7 LCIDs remain at Rel-17, then the above agreement on eRedCap utilizes 2 LCIDs), there is no room to use 6 LCIDs in total.
Observation 3.	If RAN2 try to book LCIDs for “repetition request & early indication by (e)RedCap”, we head shortage of remaining LCIDs.
We could raise following alternatives.
Alt.1:	Utilize two LCIDs. RedCap and (e)RedCap UEs do not support PUCCH repetition for Msg4 HARQ-ACK.
Alt.2:	Utilize two LCIDs. If a RedCap or (e)RedCap UE supports PUCCH repetition for Msg4 HARQ-ACK, that UE conducts early indication in other messages than Msg3 (e.g., by RACH resource selection in Msg1).
Alt.3:	Utilize eLCIDs.
Alt.4:	Other solutions. For example, although this is above scope of NR-NTN, we could utilize a reserved bit in MAC PDU to extend LCID. Considering that we are repeating discussion on shortage of LCID in every release, this kind of comprehensive solution should be worth.
On Alt.3, we would like to note that eLCID is not desirable for features to extend coverage like PUCCH repetition for Msg4 HARQ-ACK, because basically eLCID increases the length of MAC header. We think RAN2 should pursue other alternatives than eLCID.
Observation 4. eLCID is not desirable for features to extend coverage because basically eLCID increases the length of MAC header.
Proposal 3.	RAN2 discuss how the request of PUCCH repetition for Msg4 HARQ-ACK via Msg3 co-exist with early indication by (e)RedCap UEs.
Proposal 4.	RAN2 confirm that eLCIDs are not used for request of PUCCH repetition for Msg4 HARQ-ACK.

3. Summary and proposal
Observation 1.	RAN1 assume that the UE requests PUCCH repetition for Msg4 HARQ-ACK via Msg3 higher layer signaling. The request is assumed to be a two-state information.
Observation 2.	Two-state information in Msg3 to request PUCCH repetition for Msg4 HARQ-ACK is available by utilizing LCIDs.
Proposal 1.	RAN2 confirm that the request of PUCCH repetition for Msg4 HARQ-ACK via Msg3 higher layer signaling is feasible.
Proposal 2.	For request of PUCCH repetition for Msg4 HARQ-ACK, LCIDs are utilized.
Observation 3.	If RAN2 try to book LCIDs for “repetition request & early indication by (e)RedCap”, we head shortage of remaining LCIDs.
Observation 4. eLCID is not desirable for features to extend coverage because basically eLCID increases the length of MAC header.
Proposal 3.	RAN2 discuss how the request of PUCCH repetition for Msg4 HARQ-ACK via Msg3 co-exist with early indication by (e)RedCap UEs.
Proposal 4.	RAN2 confirm that eLCIDs are not used for request of PUCCH repetition for Msg4 HARQ-ACK.

4. References
[1]	R2-2306771, “LS on higher layer signaling in Msg3 PUSCH for PUCCH repetition for Msg4 HARQ-ACK,” RAN1.
[2]	“Final Report of 3GPP TSG RAN WG1 #112bis-e v1.0.0 (Online, 17th - 26th April 2023),” RAN1.
[3]	“Draft Report of 3GPP TSG RAN WG1 #113 v0.1.0 (Incheon, South Korea, 22nd – 26th May 2023),” RAN1.
[4]	“Final Report of 3GPP TSG RAN WG1 #111 v1.0.0 (Toulouse, France, 14th – 18th November 2022),” RAN1.
[5]	R2-2306550, “Report from eRedCap breakout session,” Session chair (Ericsson), RAN2#122.





1

image1.png
Table 6.2.1-2 Values of LCID for UL-SCH:

[~ Codepointinde

x

TCID values.

3 o ‘CCCH of size 64 bifs (referred fo as "CCCHIin TS 38.331 [5]). except for a RedCap UE:

72 1dentity of the logical channel of DCCH and DTCH

g 3 Extended logical channel D feld (to-octet eLCID fieldy

g 34 Extended logical channel D field (one-octel eLCID feld)

g 35 CCCH of size 48 bits (referred lo as "CCCH" n TS 38 331 [5] for a RedCap UE

g 36 CCCH of size b4 bits (referred to as "CCCH1"n TS 38 331 [5] for a RedCap UE.

g 1z ‘CCCH of size 48 bifs (teferred to as "CCCH" in TS 38,331 [51) with request of PUCCH.
repetion for Msq4 HARQ-ACK for NTN.

a = ‘CCCH of size 64 bits (referred 1o as "CCCH1"in TS 38 331 [51) wih reques of FUCCH
tepeliion for Msq4 HARQ-ACK for NTN.

- 373042° | Reserves

g 43 Truncated Enhanced BFR (one octel C)

g 44 Timing Advance Report:

g 45 Truncated Sidelink BSR'

g 46 Sidelink BSR:

g a7 Reserved

g 43 LB failure (four ociels)

g 49 LBT failure (one octel)

g 50 BFR (one octel C)

g 51 Truncated BFR (one ociel G-

g 52 CCCH of size 48 bits (referred fo as "CCCH" in TS 38.331 [5]). except for a RedCap UE:

g 53 Recommended bi rate query’

g 54 WMultiple Entry PHR (four octets C

g 55 Configured Gran Confirnation:

g 56 Nultiple Entry PHR (one octet CJ-

g 57 Single Enry PHR:

g 58 C-RNTI

g 50 ‘Short Truncaied BSR.

g 60 Long Truncated BSR:

g 61 Short BSR:

g 62 Long BSR:

g 63 Padding





