3GPP TSG RAN WG1 Meeting #114bis                            R1-2309301
Xiamen, China, October 9th – October 13th, 2023

Agenda Item:	8.4.1
Source: 	LG Electronics
Title: 	Remaining issues of further UE complexity reduction for eRedCap
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction

In RAN1#114, the Re1-18 WI titled “Enhanced support of reduced capability NR devices” was discussed and the following agreements were made [1].

	· UE BB Bandwidth Reduction

MsgB bandwidth and 2-step RACH timeline

Agreement: 
For UE BB bandwidth reduction, for 2-step RACH, assuming that MsgA PUSCH indication is transmitted:
· The same timeline relaxation as for the Msg2-Msg3 timeline (i.e., 1 slot for Msg2 PDSCH larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS) applies at least for the following cases:
· Case 2c: Between reception of MsgB PDSCH scheduled by MSGB-RNTI in which UE does not correctly receive the transport block in the corresponding PDSCH within the window and transmission of only PRACH according to Type-1 random access procedure or to transmit both PRACH and PUSCH according to Type-2 random access procedure.
· Case 2d: Between reception of MsgB PDSCH scheduled by MSGB-RNTI with RAPID which is not associated with the corresponding PRACH transmission from the UE and transmission of only PRACH according to Type-1 random access procedure or to transmit both PRACH and PUSCH according to Type-2 random access procedure.


Simultaneous reception

Conclusion:
For UE BB bandwidth reduction, for Msg4 PDSCH scheduled by TC-RNTI during a process of autonomous SI acquisition, no specification change.

Agreement: 
· For handling of multiple reception in a slot during P-RNTI triggered SI acquisition when the total number of PRBs for the PDSCH scheduled with SI-RNTI and the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI scheduled in the slot is larger than the maximum number of PRBs that the UE can process per slot, the UE may skip decoding of the scheduled PDSCH with C-RNTI, MCS-C-RNTI, or CS-RNTI.

Agreement: 
· For UE BB bandwidth reduction, when PDSCH scheduled with RA-RNTI or MSGB-RNTI is not greater than 25/12 PRBs with 15/30kHz SCS, 38.214 clause 5.1 still applies, i.e.:
· “The UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, G-RNTI for multicast or broadcast, MCCH-RNTI, G-CS-RNTI or CS-RNTI if another PDSCH in the same cell scheduled with RA-RNTI or MSGB-RNTI partially or fully overlap in time.”

Agreement: 
· For UE BB bandwidth reduction, when PDSCH scheduled with RA-RNTI or MSGB-RNTI is greater than 25/12 PRBs with 15/30kHz SCS, support the following UE behavior:
· UE behavior 2: Relaxed random access processing timeline in connected mode:
· The UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, G-RNTI for multicast or broadcast, MCCH-RNTI, G-CS-RNTI or CS-RNTI in the same or next slot if another PDSCH in the same cell is scheduled with RA-RNTI or MSGB-RNTI.

MBS bandwidth

Agreement: 
· For UE BB bandwidth reduction, the number of PRBs scheduled in DCI can be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS for:
· Broadcast MBS PDSCH without any PDSCH in next slot
· Broadcast MBS PDSCH without MBS PDSCH repetition

· UE Peak Data Rate Reduction

Agreement: 
· The UE needs to signal peak data rate 10-Mbps related parameters corresponding to vLayers, Qm and f.
· No new values for the above parameters will be introduced for Rel-18 eRedCap.
· For FG 48-2, when vLayers = 2, the peak rate target corresponds to a vLayers·Qm·f of 0.8 (instead of 0.75).

Conclusion: 
· For Rel-18 eRedCap UEs, the following features are still supported as optional features:
· 2 Rx branches with DL MIMO
· DL 256QAM

Agreement:
· Send LS to RAN2 (cc RAN4) to inform about RAN1 agreements on peak rate reduction with 38.306 impact




2. Discussion

In this contribution, we present our views on further UE complexity reduction for Rel-18 Redcap which is called eRedCap in this paper.

2.1. UE BB Bandwidth Reduction 

   This chapter will deal with issues related to bandwidth reduction and mainly includes a lot of things that occur on reception of MBS PDSCH mainly.

Issue#1: FDRA Bandwidth in DCI by TC-RNTI for Msg 4  

RAN2 have made an agreement on the case that FDRA in DCI scheduled by TC-RNTI for msg4 indicates over 5MHz BW in 4-setp RACH procedure in the last meeting as follows below. 

	RAN2 would like to thank RAN1 on the LS on Msg4 PDSCH transmission to Rel-18 eRedCap UEs. RAN2 had some discussion on the issue mentioned in the LS, and achieved the following agreement: 
· An eRedCap UE considers the contention resolution not successful and stop the ra-ContentionResolutionTimer, when the UE detects a PDCCH transmission addressed to its TEMPORARY_C-RNTI with a DCI that schedules a Msg4 PDSCH transmission with a larger bandwidth than it can receive or process, i.e. option 1 is adopted. 
From RAN2 perspective, the agreement could be implemented only in MAC. RAN2 would like to know if there any concern on the adopted option from RAN1 perspective.



According to the decision by RAN2 on it, MAC in Rel-18 eRedCap UE can implement to consider the contention resolution not successful and stop the ra-ContentionResolutionTimer. But, MAC layer itself cannot check whether FDRA in DCI scheduled by TC-RNTI for msg4 indicates over 5MHz BW or not. Presently, MAC needs some information which depends on indication for Msg4 PDSCH decoded successfully and notification of PDCCH reception to process the PDSCH for msg4 in 5.1.5 Contention Resolution TS 38321. When FDRA in DCI scheduled by TC-RNTI for msg4 indicates over 5MHz BW, UEs does not need to try to decode the PDSCH scheduled with TC-RNTI. So it can be considered whether there can be any spec change in RAN1 specification for CR in RAN2 MAC TS 38.321 or any handling can be only implemented in MAC without any indication from RAN1 for the case.   

Proposal 1: Discuss whether additional RAN1 spec changes are needed from RAN2 decision on FDRA allocation over 5MHz BW in DCI by TC-RNTI in Msg4.  

Issue#2: Bandwidth for MBS Broadcasting with any PDSCH in next slot 

The cases that MBS Broadcast PDSCH can be larger than 5MHz BW were agreed with some constrained conditions in the last meeting as follows below. 

	Agreement: 
· For UE BB bandwidth reduction, the number of PRBs scheduled in DCI can be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS for:
· Broadcast MBS PDSCH without any PDSCH in next slot
· Broadcast MBS PDSCH without MBS PDSCH repetition



In addition, it can be considered how the case “with any PDSCH” in a next slot should be handled when MBS Broadcast PDSCH is scheduled over 5MHz BW in the previous (n slot) slot. Rel-18 eRedCap UE cannot process any PDSCH having over 5MHz BW PRBs within one slot, it demands one more slot for processing time to complete to decode it actually for a PDSCH scheduled with larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS. If any PDSCH (although any PDSCH has less than 5MHz BW PRBs) in received in the next slot and MBS Broadcast PDSCH having over 5MHz BW PRBs was received in the present slot, UE cannot conduct to decode two PDSCHs by the end of the next slot. So, any PDSCH can be constrained in the next slot, so UE cannot be simply expected to receive any PDSCH in the next slot. But such as the constraint can also demand the other legacy UEs not to be expected for PDSCH(s) in the next slot which can be scheduled with P-RNTI, SI-RNTI or RA-RNTI that can be generally used for all UEs in a gNodeB. So, it is thought that any PDSCH can be expected in the next slot when MBS Broadcast PDSCH is scheduled with larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS in the n slot because such constraint can be avoided for the legacy UEs. Then, Rel-18 UEs seems to be difficult to decode MBS Broadcast PDSCH over 5MHz BW and any PDSCH by the end of the next slot and UE should be guaranteed to decode one of two PDSCH(s). Under the precondition that any PDSCH can scheduled in the next slot, when MBS Broadcast PDSCH is scheduled over 5MHz BW in the present slot, MBS Broadcast PDSCH (having 5MHz BW PRB) in n slot and any PDSCH in n+1 slot seem to be difficult for UEs to decoded completely and sequentially. 
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Proposal 2: When MBS Broadcast PDSCH over 5MHz BW is received in slot n and any PDSCH is received in slot n+1, whether to receive the MBS Broadcast PDSCH over 5MHz BW in slot n is determined based on the priorities of the PDSCHs in slot n+1.

Issue#3: MBS Bandwidth for Multicast PDSCH

It will be discussed how to handle broadcast MBS PDSCH and multicast MBS PDSCH in Rel-18 eRedCap in this meeting. It is thought that most companies have no objection on it that broadcast MBS PDSCH can be scheduled larger than 5MHz regardless of which RNTI it is scheduled by (MCCH-RNTI or G-RNTI). And It is not yet decided whether to allow the scheduling to be larger than 5MHz for multicast MBS PDSCH. MBS channels are not for one specific UE but a group of many different UEs in a cell. In the respect of sharing common PDSCH Channel with legacy UEs, wider BW is possibly required for service quality. So, MBS multicast PDSCH has three HARQ Feedback modes different form general unicast PDSCH demanding HARQ Feedback except NTN service. Three HARQ Feedback modes consist of ACK/NACK, NACK_Only and HARQ Feedback disabled. MBS Multicast PDSCH with HARQ Feedback disabled can be seemly regarded as MBS broadcasting PDSCH. But MBS Multicast PDSCH with ACK/NACK or NACK_Only can be considered as unicast PDSCH requiring ACK/NACK HARQ Feedback. If MBS multicast PDSCH should be scheduled smaller than 5MHz, the same way should be adopted for MBS broadcast PDSCH indicated by G-RNTI. It is thought that two MBS Channels are not almost different functionally. Additionally, discussions on the repetition case for MBS broadcast PDSCH will be made this meeting, if any decisions are agreed on the reception case for it, the decisions can be considered for MBS multicast PDSCH.   

Proposal 3: For the bandwidth of MBS Multicast PDSCH, support the followings:
· Multicast MBS PDSCH is allowed to be scheduled more than 5MHz when HARQ Feedback is disabled
· Multicast MBS PDSCH is NOT allowed to be more than 5MHz when HARQ Feedback is enabled

Issue#4: Simultaneous reception for MBS (Broadcast or Multicast) PDSCH

When it comes to MSB, not only Bandwidth, but also simultaneous reception for unicast PDSCH and MBS PDSCH (broadcasting and multicasting) can be discussed in this meeting on only Rel-18 eRedCap having the feature of FG 48-1(BW3/PR3+PR1) with the capabilities supported as follows below. The parameters are excerpted from TS 38.306 v17.5. When the two are reported as “supported” in RRC UE Capability Information Message, it can be discussed whether Rel-18 eRedCap with FG 48-1(BW3/PR3+PR1) can simultaneously decode broadcast MBS PDSCH and unicast PDSCH or multicast MBS PDSCH and unicast PDSCH or not.  

	fdm-BroadcastUnicast-r17
Indicates whether the UE supports overlapping PDSCH reception that one unicast PDSCH and one group-common PDSCH for broadcast in RRC CONNECTED in a slot are partially or fully overlapping in time domain and non-overlapping in frequency domain.
A UE supporting this feature shall also support broadcast reception as specified in clause 5.10.



	fdm-MulticastUnicast-r17
Indicates whether the UE supports overlapping PDSCH reception that one dynamically scheduled unicast PDSCH and one dynamically scheduled group-common PDSCH for multicast in RRC CONNECTED in a slot are partially or fully overlapping in time domain and non-overlapping in frequency domain.
A UE supporting this feature shall also indicate support of dynamicMulticastPCell-r17, or at least one of {ack-NACK-FeedbackForSPS-Multicast-r17, nack-OnlyFeedbackForSPS-Multicast-r17}.
NOTE:	The UE supporting this feature is not required to support FDMed SPS.



Simply, MBS broadcast PDSCH can be similar to broadcast channel scheduled by SI-RNTI and the case on the simultaneous reception of C-RNTI and autonomous SI acquisition can be applied when fdm-BrodcastUnicast-r17 is supported. And similar options and conditions can be considered in the cases that unicast PDSCH and multicast MBS PDSCH should also be decoded simultaneously when fdm-MulitcastUnicast-r17 is supported. Especially, it seems a big burden to Rel-18 eRedCap (which can process 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS that the UE can process per slot) that 2 PDSCH should be decoded and should generate 2 HARQ Feedback (one is for unicast PDSCH, the other is for multicast MBS PDSCH) within one slot. If the UE is capable of receiving FDMed unicast and multicast PDSCH per slot per carrier. Then, any handling can be needed for this issue. 

Proposal 4: With FDM Capability with unicast PDSCH 
· When the total number of PRBs for MBS PDSCH and the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI scheduled in the same slot is not larger than the maximum number of PRBs that the UE can process per slot, the UE is expected to decode the two PDSCHs
Proposal 5: Without FDM Capability with unicast PDSCH 
· When the total number of PRBs for MBS PDSCH and the TDMed PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI scheduled in the same slot is not larger than the maximum number of PRBs that the UE can process per slot, the UE is expected to decode the two PDSCHs

Additionally, according to TS 38.214, There is one comment on FDMed reception (partially or fully overlaps in time in non-overlapping PRBs) for PDSCH scheduled with MCCH-RNTI and PBCH in a slot as follow. When PDSCH scheduled with MCCH-RNTI can be larger than 25 PRB in 15KHz SCS or 12 PRB in 30KHz SCS, it seems to need a demand a lot of processing time for Rel-18 eRedCap UEs to decode PDSCH scheduled with MCCH-RNTI and PBCH that partially or fully overlaps in time in non-overlapping PRBs, so it can be handled whether Rel-18 eRedCap UE(s) can follow the legacy behavior or any additional handling can be needed. 

	The UE: 
- may be expected to decode PDSCH scheduled with MCCH-RNTI and PBCH in PCell that partially or fully overlaps in time in non-overlapping PRBs in PCell. 



Proposal 6: Discuss whether any handling is needed on the simultaneous reception for the PDSCH scheduled with MCCH-RNTI and PBCH.  

2.2. Other aspect 

[Msg A PUSCH Bandwidth without supporting Rel-18 eRedCap early indication]

Previously, there is an agreement as follows below on MsgA PUSCH. RAN1 has made the following agreement regarding the MsgA PUSCH in 2-step RACH bandwidth:

	Agreement:
For UE BB complexity reduction, a UE is not expected to perform 2-step RACH with a MsgA PUSCH resource spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.



Based on the previous agreement, gNodeB which can accommodate Rel-18 eRedCap as well as Rel-17 RedCap should always configure the smaller number than 5MHz in SIB1, because gNodeB does not know which feature of a UE will try to access in the stage of initial access procedure. It can be a big constraint to gNodeB that Msg A PUSCH should be always configured smaller than 5MHz regardless of which feature belonging to a UE. Then, proper handling from a UE seems to be necessary to prepare for the case that MsgA PUSCH may be scheduled lager than 5MHz by gNodeB 
As previously proceeded, there were 4 options as follows below that were discussed by some companies.  
	FL1/FL3 Medium Priority Question 2.3-1a: Companies are invited to express their preference regarding the UE behavior for the potential case that MsgA PUSCH is scheduled with more than 25 PRBs for 15 kHz SCS or more than 12 PRBs for 30 kHz SCS.
· Option 1: The UE occupies a portion of PRBs within one legacy MsgA PUSCH occasion.
· Option 2: The UE has a separate MsgA PUSCH frequency domain resource configuration.
· Option 3: The UE falls back to 4-step RACH procedure.
· Option 4: No need to specify UE behavior (please elaborate in the comment field on what this means



As for us, it is not normal that Option1 does not follow the existing indication on RRC signaling with using partially a portion of PRBs within one legacy PO. The numbers between actually used PRBs and PRB configured by the parameter seems to be different. Then, UE have to modifies the number of PRBs inconsistent with the indicated number of PRBs signaled by SIB1. And Option2 needs additional RRC parameters which can increase unnecessary overhead between gNodeB and UEs. So, It can be proposed that the use of 2-step RACH should be forbidden in this case, and UE should use 4-step RACH instead of it. Rel-18 eRedCap does not relatively demand the quick access to gNodeB from a UE compared to legacy UEs and 2-step RACH may not be always critical functional feature to Rel-18 eRedCap. With the new proposal proposed, gNodeB can has two choices that if fast initial access is relatively demanded for Rel-18 eRedCap UEs in that cell, Msg A PUSCH should be configured with smaller than 5MHz, but vice versa if the legacy UEs need to be scheduled larger than 5MHz, Rel-18 eRedCap should use 4-step RACH through the configuration of over 5MHz. the proposal should be discussed for no additional early indication in Msg A PRACH supported for Rel-18 eRedCap and Rel-18 eRedCap UE can utilized 2-step RACH if Rel-18 eRedCap early indication is not configured in a cell because 2-step RACH is not used in a cell configuring Rel-18 eRedCap early indication.

Proposal 7: Support fallback to 4-step RACH in the case that a UE is configured with a MsgA PUSCH resource for 2-step RACH spanning a bandwidth of more than 5 MHz

[Msg3 PUSCH Bandwidth without configuration of Rel-18 eRedCap early indication]

Although there is an agreement on Msg3 PUSCH bandwidth previously as follows below, there can be 2 cases that msg3 can be scheduled larger than 5MHz in the position of gNodeB. One is the case that Early indication is not configured in 4-step RACH, the other is it that Msg A PUSCH is not correctly decoded with CRC Failure in 2-step RACH. 

	Agreement:
· For UE BB complexity reduction, a UE is not expected to receive an UL grant in a RAR or in a DCI scrambled with TC-RNTI with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.



The cases cannot inform gNodeB which feature of a UE tried initial access procedure, and gNodeB should always schedule smaller than 5MHz to all UEs because some of them can be Rel-18 eRedCap. It is inefficient and constraints to gNodeB. In some aspects, 5MHz can seems enough in Msg3 PUSCH, but data rate is not only dependent on the number of PRBs, but is also dependent on the number of OFDM Symbols. The number of 25 PRBs in 15KHz SCS and especially 12 PRBs in 30KHz SCS cannot be enough with the very small number of OFDM symbols and more critical in 12 PRB in 30KHz SCS. Blind-Scheduling may be done without Early indication in 4-step RACH or with CRC Failure on MsgA PUSCH in 2-step RACH. Especially, due to the sentence highlighted as follows below, gNodeB does not critically have any options to check which feature of a UE access to gNodeB in the initial access procedure if CRC Failure on MsgA PUSCH happens in 2-step RACH. If additional early indication in 2-step RACH is supported, gNodeB can have an option whether to check the feature of any UEs or not like 4-step RACH.

	Random access timeline and early indication

Agreement: 
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 eRedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· When Msg1 indication for Rel-18 eRedCap UEs is not configured while Msg1 indication for Rel-17 RedCap UEs is configured, Rel-18 eRedCap UEs shall share the PRACH that is configured for Rel-17 RedCap UEs.
· Note: Rel-18 eRedCap UEs will be differentiated from Rel-17 RedCap UEs based on Msg3 of Rel-18 eRedCap UEs.
· Additional early indication in MsgA PRACH is not supported



So, any treatment can be needed with considering the two cases which is referred to. Under the only two cases, Rel-18 eRedCap will restart the PRACH procedure (Msg A or Msg1 retransmission) if Msg3 PUSCH is scheduled with more than 25 PRBs for 15 kHz or more than 12 PRBs for 30 kHz. It is proposed that one conditional sentence is added in the previous agreement

Proposal 8: If Msg3 PUSCH is scheduled with more than 25 PRBs for 15 kHz or 12 PRBs for 30 kHz in the case of no configuration on early indication in 4-step RACH, or if Msg3 PUSCH in fallbakRAR is scheduled with more than 25 PRBS for 15 KHz or 12 PRBs for 30KHz SCS in the 2-step RACH, UE can immediately restart the PRACH procedure.













3. Conclusion

In this contribution, we shared our views on further UE complexity reduction for Rel-18 eRedCap.

Proposal 1: Discuss whether additional RAN1 spec changes are needed from RAN2 decision on FDRA allocation over 5MHz BW in DCI by TC-RNTI in Msg4.  
Proposal 2: When MBS Broadcast PDSCH over 5MHz BW is received in n slot n and any PDSCH is received in slot n+1, whether to receive the MBS Broadcast PDSCH over 5MHz BW in slot n is determined based on the priorities of the PDSCH in slot n+1.
Proposal 3: For the bandwidth of MBS Multicast PDSCH, support the followings:
· Multicast MBS PDSCH is allowed to be scheduled more than 5MHz when HARQ Feedback is disabled
· Multicast MBS PDSCH is NOT allowed to be more than 5MHz when HARQ Feedback is enabled
Proposal 4: With FDM Capability with unicast PDSCH 
· When the total number of PRBs for MBS PDSCH and the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI scheduled in the same slot is not larger than the maximum number of PRBs that the UE can process per slot, the UE is expected to decode the two PDSCHs
Proposal 5: Without FDM Capability with unicast PDSCH 
· When the total number of PRBs for MBS PDSCH and the TDMed PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI scheduled in the same slot is not larger than the maximum number of PRBs that the UE can process per slot, the UE is expected to decode the two PDSCHs
Proposal 6: Discuss whether any handling is needed on the simultaneous reception for the PDSCH scheduled with MCCH-RNTI and PBCH.  
Proposal 7: Support fallback to 4-step RACH in the case that that a UE is configured with a Msg A PUSCH resource for 2-step RACH spanning a bandwidth of more than 5 MHz


Proposal 8: If Msg3 PUSCH is scheduled with more than 25 PRBs for 15 kHz or 12 PRBs for 30 kHz in the case of no configuration on early indication in 4-step RACH, or if Msg3 PUSCH in fallbakRAR is scheduled with more than 25 PRBS for 15 KHz or 12 PRBs for 30KHz SCS in the 2-step RACH, UE can immediately restart the PRACH procedure.
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