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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#101, the RAN#100 working assumption [1] was confirmed in [2]. In addition, the work item for Rel-18 RedCap was revised [3] according to a RAN#99 agreement [4]. The objectives of this revised work item include: 
	Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Relation between ‘UE BB bandwidth reduction’ and ‘UE peak data rate reduction’
· A UE can support ‘UE peak data rate reduction’ with or without ‘UE BB bandwidth reduction’.
· The initial access procedure for ‘UE peak data rate reduction’ without ‘UE BB bandwidth reduction’ is the same as for ‘UE peak data rate reduction’ with ‘UE BB bandwidth reduction’.
· The peak rate target is 10 Mbps regardless of what optional features the UE may support.
· Support additional separate early indication(s) [RAN1, RAN2]
· Both 15 kHz SCS and 30 kHz SCS are supported.
· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.
· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.



This contribution examines several remaining open issues, Rel-18 38.213 clause 17.1A (available in Appendix B), and a RAN2 LS reply.
[bookmark: _Ref115331598][bookmark: _Ref129681832]Discussion
LS
In RAN1#112bis, RAN1 sent an LS to RAN2 regarding a scenario where the scheduled number of PRBs for Msg4 exceeded the 25/12 PRB limits for 15/30 kHz SCS for a Rel-18 RedCap UE [5]. RAN1 was uncertain what the behavior for the RedCap UE should be. The actual text from [5] is presented below as well as question 2.7-2b of the feature lead summary [6], which listed several options.
	RAN1 would like to inform RAN2 about the following case, to consider, if needed, the UE behavior in the RAN2 specifications, and ask RAN2 for feedback if any:
· For UE BB complexity reduction, the case when the UE detects a DCI scheduling a Msg4 PDSCH transmission with a larger bandwidth than it can receive or process



	FL4/FL5 High Priority Question 2.7-2b:
For UE BB complexity reduction, for the case when the UE detects a DCI scheduling a Msg4 PDSCH transmission with a larger bandwidth than it can receive or process, what is the desired UE behavior?
· Option 1: The UE considers the contention resolution as not successful.
· Option 2: The UE discards the DCI and continues monitoring the DCI until ra-ContentionResolutionTimer expires.
· Option 3: The UE behavior is up to the UE implementation.



In RAN2#123, the response RAN2 provided includes an agreement to indicate what the expected behavior is for this scenario [7] 
	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. 



Based on this reply and the RAN#99 agreement that the FG 48-2 (PR1) variant follows the same initial access procedures as the FG 48-1 variant, a possible RAN1 agreement is (based on the 38.213 language from clause 17.1A) is: 
[bookmark: _Hlk146206368]Proposal 1. For a Rel-18 RedCap UE, for the case when the UE detects a DCI scheduling a Msg4 PDSCH transmission over a number of PRBs that is larger than 25 PRBs for 15 kHz SCS or larger than 12 PRBs for 30 kHz SCS, the UE considers the contention resolution as not successful.
Text proposals are provided for a landing zone in clause 8.4 of 38.213 or in clause 17.1A. 
	[bookmark: _Toc12021465][bookmark: _Toc20311577][bookmark: _Toc26719402][bookmark: _Toc29894835][bookmark: _Toc29899134][bookmark: _Toc29899552][bookmark: _Toc29917289][bookmark: _Toc36498163][bookmark: _Toc45699189][bookmark: _Toc137056383]8.4	PDSCH with UE contention resolution identity
[bookmark: _Hlk146206403]In response to a PUSCH transmission scheduled by a RAR UL grant when a UE has not been provided a C-RNTI, the UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding TC-RNTI scheduling a PDSCH that includes a UE contention resolution identity [11, TS 38.321]. For a UE that indicates supportOfRedCap-r18, if the UE detects that the DCI schedules a PDSCH transmission over a number of PRBs that is larger than 25 PRBs for 15 kHz SCS or larger than 12 PRBs for 30 kHz SCS, the UE considers the contention resolution as not successful. In response to the PDSCH reception with the UE contention resolution identity, the UE transmits HARQ-ACK information in a PUCCH. The PUCCH transmission is within a same active UL BWP as the PUSCH transmission. A minimum time between the last symbol of the PDSCH reception and the first symbol of the corresponding PUCCH transmission with the HARQ-ACK information is equal to  msec.  is a time duration of  symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured. For , the UE assumes  [6, TS 38.214].



	17.1A	Second procedures for RedCap UE
…
In response to a PUSCH transmission scheduled by a RAR UL grant when a UE has not been provided a C-RNTI, the UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding TC-RNTI scheduling a PDSCH that includes a UE contention resolution identity [11, TS 38.321]. If the UE detects that the DCI schedules a PDSCH transmission over a number of PRBs that is larger than 25 PRBs for 15 kHz SCS or larger than 12 PRBs for 30 kHz SCS, the UE considers the contention resolution as not successful. In response to the PDSCH reception with the UE contention resolution identity, the UE transmits HARQ-ACK information in a PUCCH.



38.213 Specifications
The Rel-18 38.213 specification (shown in Appendix B) captures elements of the feature group discussion as well as the agreements for initial access (e.g., restrictions on the number of PRBs, timeline). One of the challenges for the specification is capturing the restrictions related to FG 48-2. 
Based on the RAN#99 agreement [4], a UE supporting FG 48-2 follows the same initial access procedures as a UE supporting FG 48-1. With this agreement for initial access, all Rel-18 RedCap UEs must use the same Msg1/Msg3 early indications, the same processing timeline, and the same limitations on the maximum number of PRBs for PDSCH and PUSCH. In addition, the RAN #99 agreement of same initial access also includes access control, as also reflected in the RAN2 working assumption [9]. It is clear that the network has no knowledge whether a Rel-18 RedCap UE supports FG 48-2 until capability exchange.
	Working assumption: No need to have separate cell barring for “eRedCap UE capable of 20MHz + PR1” and “eRedCap UE capable of BW3/PR3+ PR1”.



The limitation on the maximum number of PRBs for PUSCH is captured as below. This is always applicable to FG 48-1 and to a UE supporting FG 48-2 prior to capability exchange.
	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.



Besides initial access, there are also other instances where a contention-based random access (CBRA) procedure is used. Having specific procedures for these other instances would complicate the standardization efforts and implementation.
Observation 1: It is desirable to use the same procedure for initial access whenever contention-based random access is used.
Related to the random access procedure is the RAN1#114 e-mail discussion about a specific clause within 17.1A of 38.213 related to FG 48-2.
	[bookmark: _Hlk146218612]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.



The clause states that a UE supporting FG 48-2 expects a PUSCH to be limited in size when it is scheduled by Msg2 or for any PUSCH whose CRC of the scheduling DCI is scrambled by the TC-RNTI. The phrase “that indicated FG 48-2” clarifies even if the network knows that the UE supports FG 48-2, the network would use the PUSCH limits in FG 48-1 for scheduling PUSCH during CBRA. 
The editor summarized the following in the email discussion [10].
	1. RANP agreements do transfer to specifications - never mind that the highlighted text for the RANP agreement is a “note” which, in that case and from my perspective, it is only an obvious clarification which did not even need to be mentioned given that there is no identification of the different types of Rel-18 RedCap UEs during initial access – e.g. through different preambles
2. The proposal that was captured in the current CR is broader than the RANP note – that is why it requires a RAN1 agreement
3. For initial access (IA), a UE has not indicated any FG since the UE has not established RRC connection. There is no conflict of what is currently written with respect to the RANP note for IA.
4. As I explained during the discussions, the tense of the verb for the “indication” can only be the past tense – it should be obvious that it cannot be the present or future tense. Hence, “indicated” is applicable. For example, it should be clear that in a scheduled PUSCH where the UE indicates FG 48-2, the FG 48-2 is not yet applicable as the gNB does not know about it. That can only happen after the UE indicated FG 48-2.   



We support the editor’s inclusion for the specification as it is simpler. No extra specification text is needed for all instances of CBRA.
Proposal 2: Support the 38.213 clause that “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.”
UE BB bandwidth reduction
In the on-line discussion during RAN1#114, the following proposal was discussed.
	FL4/FL5/FL6/FL7 Medium Priority Proposal 2.4-1b:
· 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 the following cases:
· Case 1a: Broadcast MBS PDSCH without PDSCH in consecutive slots and without PDSCH repetition
· Case 1b: Broadcast MBS PDSCH with PDSCH in consecutive slots and/or with PDSCH repetition
· For UE BB bandwidth reduction, the number of PRBs scheduled in DCI cannot be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS for the following cases:
· Case 2a: Multicast MBS PDSCH without HARQ feedback
· Case 2a1: Multicast MBS PDSCH without HARQ feedback and without PDSCH repetition
· Case 2a2: Multicast MBS PDSCH without HARQ feedback but with PDSCH repetition
· Case 2b: Multicast MBS PDSCH with HARQ feedback
Note: For UE without BB bandwidth reduction, no special restriction other than data rate restriction.



Due to the number of comments, the focus of discussions was on the first bullet. The resulting agreement capturing behavior for broadcast is:
	Agreement: [38.213]
· 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



Although multicast was not discussed much during the RAN1#114, the number of cases for multicast is alarming especially since the UE is in connected mode. To avoid the standards complexity to support each case individually, a simple restriction, like what we proposed in [11], should be agreed.
Proposal 3: For a baseband bandwidth reduction device supporting multicast MBS, the number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS. 

Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1. For a Rel-18 RedCap UE, for the case when the UE detects a DCI scheduling a Msg4 PDSCH transmission over a number of PRBs that is larger than 25 PRBs for 15 kHz SCS or larger than 12 PRBs for 30 kHz SCS, the UE considers the contention resolution as not successful.
Observation 1: It is desirable to use the same procedure for initial access whenever contention-based random access is used.
Proposal 2: Support the 38.213 clause that “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.”
Proposal 3: For a baseband bandwidth reduction device supporting multicast MBS, the number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS. 
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Appendix
Appendix A [4]
	Rel-18 eRedCap UE capable of 20MHz + PR1 and Rel-18 eRedCap UE capable of BW3/PR3 + PR1 are designed/targeted to same peak data rate, i.e., 10Mbps

Note 1:	Peak data rate of "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is same including unicast and broadcast respectively.
Note 2: 	PRB processing capability of "Rel-18 eRedCap: UE capable of 20MHz + PR1" is not limited to "25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS" and it corresponds to PRB size corresponding to 20 MHz.
Note 3: 	The only difference between "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is Note 2 and vLayers·Qm·f in order to have the same peak rate.
Note 4: 	The initial access procedure of Rel-18 eRedCap UE capable of 20MHz + PR1 is realized by following:
· Same as Rel-18 eRedCap UE capable of BW3/PR3 + PR1



Appendix B [8]
17.1A	Second procedures for RedCap UE
In this clause, the term 'UE' refers to a RedCap UE that indicates supportOfRedCap-r18.
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  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 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.
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 PDSCH includes a RAR message with an RAR UL grant scheduling a Msg3 PUSCH transmission from the UE, as described in Clauses 8.2 and 8.2A 
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
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.
