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1   Introduction
[bookmark: OLE_LINK3]In RAN1#114bis meeting, maintenance on FG48-1 and FG48-2 were discussed for Rel-18 eRedCap UE. And the relevant agreements can be summarized as below [1]:
· [bookmark: OLE_LINK4]RAR timeline
· The following does not apply to FG 48-2 UEs for CFRA:
· RAR PDSCH timeline relaxation 
· 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.
· 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, Tthe 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.



· MBS PDSCH
· 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).
· 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 .



· [bookmark: OLE_LINK16]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.
· [bookmark: OLE_LINK20]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.
· 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)
· 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.
· Others
· [bookmark: OLE_LINK18]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.
[bookmark: OLE_LINK26]In this contribution, we further discuss the remaining issues for Rel-18 eRedCap UE.
2   [bookmark: OLE_LINK1]Discussion 
[bookmark: OLE_LINK6]Simultaneous reception of unicast and MBS PDSCHs
[bookmark: OLE_LINK14]For a NR or Rel-17 RedCap UE with capability of receiving FDMed unicast and MBS PDSCH, the current specifications require the UE to decode both PDSCHs when unicast and MBS PDSCH partially or fully overlap in time. For a Rel-18 RedCap UE not supporting FG48-2, due to UE BB bandwidth reduction, the UE should assume a decoding priority for simultaneous reception of unicast and MBS PDSCHs, which includes the following three cases:
[bookmark: OLE_LINK15]Case 1: Broadcast MBS PDSCH is scheduled with more than 25/12 PRBs for 15/30 KHz SCS in slot n and another unicast PDSCH is scheduled in slot n+1. For this case, the corresponding UE behaviour has been specified in Rel-18 38.213. According to the following descriptions, the UE is not required to process the broadcast MBS PDSCH reception in slot n in Case 1. That is, unicast PDSCH has a higher decoding priority than broadcast MBS PDSCH for a UE with BB bandwidth reduction. 
	TS 38.213, 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 .



[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK5]Case 2: Unicast and broadcast/multicast MBS PDSCHs partially or fully overlap in time and the total number of PRBs scheduled for both PDSCHs is not larger than 25/12 PRBs for 15/30 KHz SCS. For this case, it was agreed that the UE can decode both the unicast and MBS PDSCHs in last RAN1 meeting.
	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.
· 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.



[bookmark: OLE_LINK10]Case 3: Unicast and broadcast/multicast MBS PDSCHs partially or fully overlap in time and the total number of PRBs scheduled for both PDSCHs is larger than 25/12 PRBs for 15/30 KHz SCS. For this case, the same UE behaviour as Case 1 can be applied, i.e., the UE is not required to process the MBS PDSCH reception in the slot.
[bookmark: OLE_LINK2]Thus, based on the above specifications and agreements, the following supplement should be adopted for simultaneous reception of broadcast/multicast MBS and unicast PDSCHs:
· [bookmark: OLE_LINK7]An eRedCap UE with bandwidth reduction, depending on indicated UE capability, is not required to process a broadcast/multicast MBS PDSCH reception in a slot if another unicast PDSCH overlapping partially or fully in time is scheduled and the total number of PRBs of the two PDSCHs exceeds the maximum number of PRBs that the UE can receive or process per slot.
Proposal 1: For simultaneous reception of broadcast/multicast MBS and unicast PDSCHs, the following additional description should be adopted:
· An eRedCap UE with bandwidth reduction, depending on indicated UE capability, is not required to process a broadcast/multicast MBS PDSCH reception in a slot if another unicast PDSCH overlapping partially or fully in time is scheduled and the total number of PRBs of the two PDSCHs exceeds the maximum number of PRBs that the UE can receive or process per slot.
Then, the corresponding Text Proposal 1 for TS 38.214 is given as below:
	//------------ Start of Text Proposal 1 --------------//
[bookmark: _Toc29673274][bookmark: _Toc20317970][bookmark: _Toc11352080][bookmark: _Toc27299868][bookmark: _Toc36645497][bookmark: _Toc146791739][bookmark: _Toc29673133][bookmark: _Toc45810542][bookmark: _Toc29674267]5.1	UE procedure for receiving the physical downlink shared channel
[… Unchanged text omitted …]
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]The maximum number of PDSCHs scheduled per slot per component carrier with C-RNTI/CS-RNTI and G-RNTI/G-CS-RNTI/MCCH-RNTI that the UE shall be able to decode is the same as the indicated UE capability for the number of unicast PDSCHs per slot per component carrier. If the UE is capable of receiving FDMed unicast and multicast PDSCH per slot per carrier, the UE shall be able to decode a PDSCH scheduled by a DCI format with C-RNTI or a PDSCH scheduled for a retransmission of a TB by a DCI format with CS-RNTI and a PDSCH scheduled by a DCI format with G-RNTI for multicast or a PDSCH scheduled for a retransmission of a TB by a DCI format with G-CS-RNTI that partially or fully overlap in time in non-overlapping PRBs. If the UE is capable of receiving FDMed unicast and broadcast PDSCH per slot per carrier, the UE shall be able to decode a PDSCH scheduled by a DCI format with C-RNTI or a PDSCH scheduled for a retransmission of a TB by a DCI format with CS-RNTI and a PDSCH scheduled with G-RNTI for broadcast/MCCH-RNTI that partially or fully overlap in time in non-overlapping PRBs.
Furthermore, if a UE indicating supportOfRedCap-r18 capability but not indicating FG 48-2 is capable of receiving FDMed unicast and MBS PDSCH, the UE can decode a PDSCH scheduled by a DCI format with CRC scrambled by a G-RNTI for broadcast or a MCCH-RNTI and a PDSCH scheduled by a DCI format with CRC scrambled by C-RNTI/CS-RNTI that partially or fully overlap in time in non-overlapping PRBs if the total number of PRBs does not exceed the maximum number of PRBs that the UE can process per slot.
[bookmark: OLE_LINK23]If a UE indicating supportOfRedCap-r18 capability but not indicating FG 48-2 is capable of receiving FDMed unicast and MBS PDSCH, the UE is not required to process a PDSCH reception scheduled by a DCI format with CRC scrambled by G-RNTI for broadcast or MCCH-RNTI in a slot if another PDSCH scheduled by a DCI format with CRC scrambled by C-RNTI/CS-RNTIpartially or fully overlap in time and the total number of PRBs of the two PDSCHs exceed the maximum number of PRBs that the UE can process per slot.
[… Unchanged text omitted …]
//------------ End of Text Proposal 1 --------------//



Proposal 2: Adopt Text Proposal 1 for TS 38.214.
Other maintenance issues
[bookmark: OLE_LINK19]On UE BB bandwidth reduction, “A UE that has not indicated FG 48-2” and “A UE that indicated FG 48-2” are used to represent the UE with BW3/PR3+PR1 and the UE with standalone PR1 respectively in TS 38.213. One effect is that the gNB can distinguish between FG types supported by UE after the UE capability is reported. However, this description may make the specification ambiguous, especially for the following part. The UE does not report the capability until it sends a Msg3/MsgA PUSCH, which contradicts “indicated FG48-2”. 
	TS38.213, 17.1A:
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.



[bookmark: _GoBack]Referring to the following description in TS 38.214, we recommend using “A UE not indicating FG 48-2” and “A UE indicating FG 48-2” instead of “A UE that has not indicated FG 48-2” and “A UE that indicated FG 48-2” in TS 38.213 to only express the FG type supported by the UE. 
	TS 38.214, 5.1: 
Furthermore, a UE indicating supportOfRedCap-r18 capability but not indicating FG 48-2 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, ......



Then, the corresponding Text Proposal 2 for TS 38.213 is given:
	//------------ Start of Text Proposal 2 --------------//
17.1A	Second procedures for RedCap UE
In this clause, the term 'UE' refers to a RedCap UE that indicates supportOfRedCap-r18.
[bookmark: OLE_LINK25]A UE not indicating 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 not indicating 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.
[bookmark: OLE_LINK11]A UE not indicating 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 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 .
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 indicating 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.
//------------ End of Text Proposal 2 --------------//



In addition, since RAR PDSCH timeline relaxation does not apply to FG 48-2 UEs for CFRA, there is a need for 2-step RACH to update the relevant specifications for the following Case 2b, 2c and 2d. 
· 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.
The updated specifications need to indicate that: In Case 2b, 2c and 2d, 
· For the UE supporting FG48-2, RAR PDSCH timeline relaxation is applied for CBRA.
· [bookmark: OLE_LINK17]For the UE not supporting FG48-2, RAR PDSCH timeline relaxation is applied for both CBRA and CFRA.
Then, the corresponding Text Proposal 3 for TS 38.213 is given:
	[bookmark: _Toc146789835]//------------ Start of Text Proposal 3 --------------//
17.1A	Second procedures for RedCap UE
[… Unchanged text omitted …]
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
[bookmark: OLE_LINK27]if requested by higher layers, for a UE indicating FG 48-2 during contention based random access procedure, or for a UE not indicating FG 48-2, 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 
for a UE indicating FG 48-2 during contention based random access procedure, or for a UE not indicating FG 48-2, 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.
//------------ End of Text Proposal 3 --------------//



[bookmark: _Ref142661870][bookmark: OLE_LINK24]Proposal 3: Adopt Text Proposal 2 and 3 for TS 38.213.
3   Conclusion
In this contribution, we consider the remaining issues on Rel-18 eRedCap UE. Based on the considerations, we have the following proposals:
Proposal 1: For simultaneous reception of broadcast/multicast MBS and unicast PDSCHs, the following additional description should be adopted:
· An eRedCap UE with bandwidth reduction, depending on indicated UE capability, is not required to process a broadcast/multicast MBS PDSCH reception in a slot if another unicast PDSCH overlapping partially or fully in time is scheduled and the total number of PRBs of the two PDSCHs exceeds the maximum number of PRBs that the UE can receive or process per slot.
Proposal 2: Adopt Text Proposal 1 for TS 38.214.
Proposal 3: Adopt Text Proposal 2 and 3 for TS 38.213.
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