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1. Introduction

In RAN1#114bis, 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

Random access timeline

Agreement: 
· The following does not apply to FG 48-2 UEs for CFRA:
· RAR PDSCH timeline relaxation

Agreement: 
Adopt the following TP for 38.213 clause 17.1A:
	When 
-	a UE receives a PDSCH scheduled by a DCI format with CRC scrambled by a RA-RNTI or a MsgB-RNTI over a number of PRBs that is larger than 25 PRBs for 15 kHz SCS or larger than 12 PRBs for 30 kHz SCS, and 
-	the UE does not correctly receive the transport block provided by the PDSCH, or if the higher layers at the UE do not identify a RAPID associated with a corresponding PRACH transmission from the UE
If requested by higher layers, the UE shall be ready to transmit a PRACH no later than  msec for 15 kHz SCS, or no later than  msec for 30 kHz SCS, after the last symbol of the PDSCH reception, or after the last symbol of the window as described in Clauses 8.2 and 8.2A. 



Agreement:
For which (if any) of the following 2-step RACH cases, continue to discuss if there is a need to update the specifications to reflect the RAN1 agreement that RAR PDSCH timeline relaxation does not apply to FG 48-2 UEs for CFRA:
· Case 2a: Between reception of fallbackRAR and transmission of Msg3
· Case 2b: Between reception of successRAR and transmission of corresponding HARQ-ACK
· 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.

MBS bandwidth

Agreement: 
· For a UE with BB bandwidth reduction, for multicast MBS specified in Rel-17, the number of PRBs scheduled in DCI is not larger than 25/15 PRBs for 15/30 kHz SCS (irrespective of whether HARQ feedback is enabled or disabled).

Agreement: 
Adopt the following TP for 38.213 clause 17.1A:
	A UE that has not indicated FG 48-2 is not required to process a PDSCH reception in slot  that is scheduled by a DCI format with CRC scrambled by a G-RNTI for broadcast or a MCCH-RNTI  over a number of PRBs that is larger than 25 PRBs for 15 kHz SCS, or larger than 12 PRBs for 30 kHz SCS, when the PDSCH reception is with repetitions or when the UE receives another PDSCH in slot .



Simultaneous reception

Agreement: 
· An eRedCap UE with bandwidth reduction, depending on indicated UE capability, the UE can decode a PDSCH for MBS broadcast and a PDSCH for unicast with the two PDSCH partially or fully overlapping in time in non-overlapping PRBs, if the total number of PRBs does not exceed the maximum number of PRBs that the UE can receive or process per slot.

Agreement: 
· An eRedCap UE with bandwidth reduction, depending on indicated UE capability, the UE can decode a PDSCH for MBS multicast and a PDSCH for unicast with the two PDSCH partially or fully overlapping in time in non-overlapping PRBs, if the total number of PRBs does not exceed the maximum number of PRBs that the UE can receive or process per slot.

Agreement:
· Continue to discuss whether and how to update the specification regarding the following aspect:
· simultaneous MBS broadcast/multicast and unicast when the total number of PRBs exceeds the maximum number of PRBs that the UE can receive or process per slot (if this is a valid case)

Conclusion:
· For an eRedCap UE (with or without UE BB bandwidth reduction), the following specification in 38.214 for simultaneous reception of MCCH PDSCH and PBCH still applies:
· The UE is 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.

PDSCH/PUSCH bandwidth

Agreement: 
· Continue to discuss potential clarification of “A UE that has not indicated FG 48-2” in the paragraphs in 38.213 clause 17.1A
· Continue to discuss potential clarification of “A UE that indicated FG 48-2” in the paragraphs in 38.213 clause 17.1A




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 deals with issues related to bandwidth reduction and mainly includes a few issues that can occur on reception of MBS PDSCH.

Issue#1: RACH Timeline Relaxation to FG 48-2 UEs for CFRA  

There are two agreements on RACH Timeline Relaxation to 48-2 UEs for CFRA in the last meeting as follows below. In short, it will be discussed whether spec updates are needed for FG 48-2 UEs in such cases or not.

	Agreement: 

· The following does not apply to FG 48-2 UEs for CFRA:
· RAR PDSCH timeline relaxation
Agreement: 

For which (if any) of the following 2-step RACH cases, continue to discuss if there is a need to update the specifications to reflect the RAN1 agreement that RAR PDSCH timeline relaxation does not apply to FG 48-2 UEs for CFRA:
· Case 2a: Between reception of fallbackRAR and transmission of Msg3
· Case 2b: Between reception of successRAR and transmission of corresponding HARQ-ACK
· 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.



According to the latest draft TS 38.213, it is thought that the previous agreements were already covered in between paragraphs as follows below.

	the UE transmits the Msg3 PUSCH if a time between the last symbol of a PDSCH reception conveying the RAR message and the first symbol of the Msg3 PUSCH transmission is not smaller than  msec for 15 kHz SCS or  msec for 30 kHz SCS where  and  are defined in clause 8.3; otherwise, the UE behaviour is based on UE implementation.
When 
-	a UE receives a PDSCH scheduled by a DCI format with CRC scrambled by a RA-RNTI or a MsgB-RNTI over a number of PRBs that is larger than 25 PRBs for 15 kHz SCS or larger than 12 PRBs for 30 kHz SCS, and 
-	the UE does not correctly receive the transport block provided by the PDSCH, or if the higher layers at the UE do not identify a RAPID associated with a corresponding PRACH transmission from the UE
if requested by higher layers, the UE shall be ready to transmit a PRACH no later than  msec for 15 kHz SCS, or no later than  msec for 30 kHz SCS, after the last symbol of the PDSCH reception, or after the last symbol of the window as described in Clauses 8.2 and 8.2A.
When 
-	a UE receives a PDSCH scheduled by a DCI format with CRC scrambled by MsgB-RNTI over a number of PRBs that is larger than 25 PRBs for 15 kHz SCS or larger than 12 PRBs for 30 kHz SCS, and 
-	the PDSCH includes a RAR message that is for successRAR for the UE as described in Clause 8.2A 
the UE transmits a PUCCH with HARQ-ACK information if a time between the last symbol of the PDSCH reception conveying the RAR message and the first symbol of the PUCCH transmission is not smaller than  msec for 15 kHz SCS or  msec for 30 kHz SCS; otherwise, the UE behaviour is based on UE implementation.



On the first agreement, based on the current specification, the FG 48-2 UEs are already allowed to transmit the Msg3 PUSCH based on UE implementation. So, we think there is no need to further update the specification for the first agreement. The case 2a of the second agreement for 2-step RACH Procedure is not needed to be considered due to the fact that there is no Msg3 in 2-step RACH procedure for CFRA. On case 2c and 2d for retransmission, the PRACH re-TX timing says “no later than”, which does not prevent FG 48-2 UE from being ready to re-TX the PRACH earlier than FG 48-1 UE. On case 2b for PUCCH transmission, with the last phrase on MsgB to HARQ-ACK timing “otherwise, the UE behavior is also based on UE implementation.”, current specification neither prevents gNB from scheduling an early grant nor prevents the FG 48-2 UE from transmitting PUCCH on it. Then, consideration on any updates for FG 48-2 UEs for CFRA in TS 38.213 does not seem to be needed.

Proposal 1: There is no need to update the specifications to reflect the RAN1 agreement that RAR PDSCH timeline relaxation does not apply to FG 48-2 UEs for CFRA.

Issue#2: Whether to Clarify (has not) indicated FG 48-2 or not  

There was a discussion on whether to change the phrases highlighted in yellow follow as below. 

	A UE that has not indicated FG 48-2 does not expect to transmit a PUSCH over a bandwidth that is larger than 25 PRBs for 15 kHz SCS, or larger than 12 PRBs for 30 kHz SCS, per hop in a slot.
A UE that has not indicated FG 48-2 does not expect to process a PDSCH reception that is scheduled by a DCI format with CRC scrambled by a C-RNTI, CS-RNTI, or MCS-C-RNTI over a number of PRBs that is larger than 25 PRBs for 15 kHz SCS, or larger than 12 PRBs for 30 kHz SCS, in a slot.
A UE that has not indicated FG 48-2 is not required to process a PDSCH reception in slot n that is scheduled by a DCI format with CRC scrambled by a G-RNTI for broadcast over a number of PRBs that is larger than 25 PRBs for 15 kHz SCS, or larger than 12 PRBs for 30 kHz SCS, when the PDSCH reception is with repetitions or when the UE receives another PDSCH in slot n+1.
A UE is not required to process a PDSCH reception that is scheduled by a DCI format with CRC scrambled by a TC-RNTI over a number of PRBs that is larger than 25 PRBs for 15 kHz SCS, or larger than 12 PRBs for 30 kHz SCS, in a slot.
A UE that indicated FG 48-2 does not expect to transmit a PUSCH over a bandwidth that is larger than 25 PRBs for 15 kHz SCS, or larger than 12 PRBs for 30 kHz SCS, per hop in a slot, where the PUSCH is scheduled by RAR UL grant or by a DCI scrambled by a TC-RNTI, or is configured for a Type-2 random access procedure.


On all paragraphs, we think that there is no need to update specification. But, the last paragraph can give the BW restriction to FG 48-2 UEs in the initial access procedure and the first paragraph says the general situation to FG 48-1 UEs or the special situation (that has not indicated FG 48-2 once, for example, before a UE is powered for the first time at the factory or a UE is initially attached to the PLMN) to FG 48-2 UEs. Therefore, it is thought that there is no ambiguity of each UE behavior in RRC_connected state or RRC_idle state for all Rel-18 RedCap UEs in the respect of the uplink and the behaviors of Rel-18 eRedCap UEs are same in the initial procedure. So the two paragraph are only enough without any updates. 
For the second and the third paragraph which is only for PDSCH, the two paragraphs also inform that FG 48-2 UEs have no BW restriction and FG 48-1 UEs has BW restriction that it is not expected to be scheduled larger than 25 PRBs for 15KHz SCS or 12 PRBs for 30KHz SCS in MBS service and RRC_connected state for the downlink. We think that ambiguous cases in two are not found in behaviors for FG 48-1 UEs in any RRC states. Even if the replacement is applied, there is no difference in each FG UE behaviors and therefore no reason to be changed.
Lastly, some companies suggested that “that indicated FG 48-2” should be deleted in the last paragraph. It may be helpful for clarification for some companies, but in our view there is no difference between to delete it and not to do. If it is deleted, FG 48-1 UEs and FG 48-2 UEs before capability reporting are included in the last paragraph, but they are already expected to transmit PUSCH with smaller than 25 PRBs for 15KHz SCS and 12 PRBs for 30KHz SCS from the first paragraph. Therefore, further clarification is unnecessary and the current endorsed text is enough. 
In principle, if there are not any serious issues or misunderstanding in Rel-18 eRedCap UE behaviors and any update or change is only for clarification, it is preferred to keep the original text in the maintenance period.   

Proposal 2: There is no need to update specification for the following:
· potential clarification of “A UE that has not indicated FG 48-2” in the paragraphs in 38.213 clause 17.1A
· potential clarification of “A UE that indicated FG 48-2” in the paragraphs in 38.213 clause 17.1A

Issue#3: Remaining issues of simultaneous reception of MBS and unicast PDSCHs

When the total number of PRBs for one PDSCH is smaller than 25 PRB, and a PDSCH for MBS multicast and a PDSCH for unicast with the two PDSCHs partially or fully overlapping in time in non-overlapping PRBs are scheduled within a slot, it was agreed in the last meeting that Rel-18 eRedCap UEs can decode both of them. In addition, it has been still left whether and how to update the specification regarding the following aspect:

· simultaneous MBS broadcast/multicast and unicast when the total number of PRBs exceeds the maximum number of PRBs that the UE can receive or process per slot 
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Figure 1. Total Sum of (MBS + Unicast) PDSCHs over 5MHz BW PRBs without Any PDSCH in slot n+1

Figure 1 describes the case where total number of PRBs is 26 PRBs for one MBS PDSCH and one Unicast PDSCH. It may be impossible to decode the 2 PDSCHs within one slot for Rel-18 eRedCap UEs which can receive or process 25 PRBs for 15KHz SCS or 12 PRBs for 30KHz SCS per slot. Of course, based on the previous agreement related to decoding MBS broadcasting PDSCH over 5MHz BW PRBs, without any PDSCHs in slot n+1, the Rel-18 eRedCap UEs can receive and process the 26 PRBs for 15 KHz SCS until the next slot. In spite of that, it is still a big burden and may demand high performance for the UEs to decide whether to decode MBS PDSCHs in the present slot or not, after verifying the existence of Any PDSCHs in the next slot in the aspect of the sequential timeline. Then, this case should be considered and the way how to handle it should be decided. 
According to many comments from different companies in the last meeting, various proposals can be simply summarized into 4 cases:

· Case 1: UE shall be able to receive both unicast PDSCH and MBS PDSCH 
· Case 2: FG 48-1 UEs do not expect such scheduling from NW.
· Case 3: the UE is not required to process the MBS PDSCH reception in slot n when the UE receives another PDSCH in slot n+1, and UE shall be able to receive both MBS PDSCH and unicast PDSCH in slot n when no PDSCH is scheduled in slot n+1.
· Case 4: Unicast PDSCH is always prioritized and the UEs is not required to process MBS PDSCH, regardless of whether Any PDSCH is scheduled in the next slot or not.

When MBS PDSCH needs HARQ Feedback, case 1 does not seem to be relevant for FG 48-1 UEs. Because Unicast PDSCH is mainly demanded for transmitting HARQ Feedback in PUSCH or PUCCH, it is difficult to process decoding for 2 PDSCH and process 2 HARQ Feedback in PUSCH or PUCCH within one slot. In the case of SIB PDSCH, it is not required to process and transmit HARQ Feedback in PUSCH or PUCCH. So, the simultaneous reception may be possible but the simultaneous reception for MBS PDSCH and Unicast PDSCH which are required to process HARQ Feedback should be treated differently from the simultaneous reception of SIB PDSCH + Unicast PDSCH. For case 2, it seems to be restriction for the UEs in that NW can’t schedule Unicast PDSCH during a number of slots (at most up to 8 consecutive slots) when MBS PDSCH is repeated at most 8 times. 
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Figure 2. Total Sum of (MBS + Unicast) PDSCHs over 5MHz BW PRBs with Any PDSCH in the next slot

The case 3 requires high UE performance though the previous agreement for MBS broadcast PDSCH can similarly be applied. And it can be a burden for FG 48-1 UEs in the aspect of processing or buffering as the decision on decoding for MBS PDSCH can be made after checking any PDSCH in slot n+1 as shown in Figure 2. 
We propose Case 4 due to simplicity compared to the case 3 especially when repetition or HARQ Feedback of MBS PDSCH is configured. The simultaneous reception case of one Unicast PDSCH and one MBS PDSCH has been considered so far. However, multiple Unicast PDSCHs and Multiple MBS PDSCH can also be scheduled within one slot if a UE supports the capability on processing TDMed PDSCHs (at most up to 7 PDSCHs) within one slot. Then the case of multiple TDMed PDSCHs can be similarly handled such as the case of one PDSCH (MBS or Unicast).  

Proposal 3 For simultaneous MBS broadcast/multicast and unicast, when the total number of PRBs exceeds the maximum number of PRBs that the UE can receive or process per slot, unicast PDSCH(s) is prioritized and MBS PDSCH(s) is not required to process in the slot.












3. Conclusion

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

· Proposal 1: There is no need to update the specifications to reflect the RAN1 agreement that RAR PDSCH timeline relaxation does not apply to FG 48-2 UEs for CFRA.
· Proposal 2: There is no need to update specification for the following:
· potential clarification of “A UE that has not indicated FG 48-2” in the paragraphs in 38.213 clause 17.1A
· potential clarification of “A UE that indicated FG 48-2” in the paragraphs in 38.213 clause 17.1A
· Proposal 3 For simultaneous MBS broadcast/multicast and unicast, when the total number of PRBs exceeds the maximum number of PRBs that the UE can receive or process per slot, unicast PDSCH(s) is prioritized and MBS PDSCH(s) is not required to process in the slot.
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