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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#101, the work item for Rel-18 RedCap was revised [2] according to a RAN#99 agreement [3] and a confirmed working assumption [1]. 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 provides proposals for several maintenance topics.
[bookmark: _Ref115331598][bookmark: _Ref129681832]Discussion
38.213 Specifications
Several companies had comments regarding the usage of verb tense, negative statements, and word choice between “supported” / “supporting” / “indicated” / “indicating” in the 38.213 standards when trying to distinguish between FG 48-1 and FG 48-2. There was a feature lead proposal asking whether replacing “not indicated” to “not supporting” and “indicated” to “supporting”.
	FL4/FL6 Medium Priority Question 4-3a: Should to “A UE that has not indicated FG 48-2” be replaced with “A UE not supporting FG 48-2” and “A UE that indicated FG 48-2” be replaced with “A UE supporting FG 48-2” in the above paragraphs in 38.213 clause 17.1A?



After some discussion, the eventual RAN1#114bis agreement continued discussion to the RAN1#115 meeting.
	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



There are reasons for using specific words in the standard, and we should be careful about changing the words.
The phrase “has not indicated” covers two cases: 1) the UE has not yet signaled its capabilities; 2) the UE signaled its capabilities, but it does not have a specific capability. The first case is important for Rel-18 RedCap because the network is unaware of FG 48-2 until capability exchange, and the specification text therefore covers both FG 48-1 and 48-2 before and during initial access. A change to “not supporting” implies the UE does not have a specific capability and would result in different behavior.
In addition, in the context of the Rel-18 38.213 specification, the phrase “support” does not appear too frequently. When it appears, “support” is almost always associated with “indicates a capability to support”, is related to an RRC parameter, or is about the presence of fields within a DCI format. Only in a very limited number of instances is “support” used alone to indicate UE capability. We should therefore be cautious in using “support”, as the phrase “indicate” or “indicate a capability to support” is the common usage with 38.213.
Observation 1: In 38.213, the word “indicate” is primarily used for capabilities instead of “support”.
In the context of capability signaling, it should be clear that “indicate” is used with relationship to cell access.
In RAN1#114b, the FL summary [4] identified several clauses in 38.213 [5] that had potential issues. For convenience, the following table lists those clauses as well as the agreements. Also applicable is the agreement from [3] captured in the WID [2].
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’. 

[bookmark: _Ref149122466]Table 1. TS 38.213 clauses mentioned [4] and corresponding agreements.
	k
	38.213 clause
	Agreement

	1
	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.
	RAN1#110bis
For UE BB bandwidth reduction, a UE is not expected to receive an UL grant in a DCI with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

	2
	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.
	RAN1#111
· For UE BB complexity reduction, a UE is able to receive a DL assignment in a DCI with a unicast PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The number of PRB scheduled in DCI is not larger than the maximum number of PRB agreed in previous agreement from 110b-e

	3
	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 .

Red underline indicates the TP that was agreed in RAN1#114b
	RAN1#114
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

	4
	[bookmark: _Hlk149128945]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.
	RAN1#112-bis
Confirm the following working assumption by assuming that Msg3 indication is available:
· For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

	5
	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.
	(RAN1#111)
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 specific word choice / verb tense used in 38.213 is meant to distinguish the two FGs during the various RRC states (idle / inactive / connected) and when the network is aware of the UE capabilities. 
For k=1 in Table 1, the highlighted phrase “has not indicated FG 48-2” clarifies that the PUSCH clause is applicable to FG 48-1 UEs and to FG 48-2 UEs during initial access (Msg3 and subsequent PUSCH transmissions) as FG 48-2 UEs follow the same initial access procedures as FG 48-1 UEs until capability exchange. In our view, no change is needed unless row k=5 is updated.
For k=5 in Table 1, the highlighted phrase “that indicated FG 48-2” clarifies that the clause applies to an FG 48-2 UE after it provides its capabilities to the network. This clause is applicable whenever the FG 48-2 UE performs the random access procedure after it has entered the connected state. This clause is applicable for both contention free random access (CFRA) as well as contention based random access (CBRA). Additionally, once the network is aware of the C-RNTI, the PUSCH PRB limits no longer apply to the FG 48-2 UE. Note that for small data transmission (SDT), CBRA is used to initiate the SDT procedure. The basic question to ask is should the size of Msg3 be optimized for CFRA or should the standards (and its maintenance) be simple. Our preference is simplicity of the standards.
Note that if the clause “that indicated FG 48-2” were removed (k=5), the clause is applicable to both FG 48-1 and FG 48-2 UEs. However, that removal would cause an overlap between the k=1 and k=5 clauses, as the k=1 clause is also applicable during random access. Our preference is avoid overlapping clauses.
Proposal 1: No changes are necessary for the following two clauses:
· 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 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.
For k=2 in Table 1, the phrase “has not indicated FG 48-2” clarifies that the PDSCH clause is applicable to FG 48-1 UEs and to FG 48-2 UEs during initial access. However, the remainder of the clause is used to describe FG 48-1 behavior for unicast. While the phrase “has not indicated FG 48-2” is technically correct, it may lead to confusion. We could consider replace “has not indicated FG 48-2” by “has indicated FG 48-1” to eliminate any confusion about the applicability of the clause.
Proposal 2: Consider replacing “has not indicated FG 48-2” by “has indicated FG 48-1” in the clause “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.”
For k=3 in Table 1, the clause is applicable for an FG 48-1 UE supporting MBS. Note that with the phrase “has not indicated FG 48-2”, the clause is also applicable for an FG 48-2 UE before completion of initial access. During the idle state, the “is not required to process” restriction does allow an FG 48-2 UE to receive the broadcast / MCCH transmissions if it chooses to. Because of that, it is not necessary to change the clause.
Proposal 3: No changes are necessary for the clause “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 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 n+1.”
For k=4 in Table 1, the clause is applicable for both FG 48-1 and FG 48-2 UEs for the reception of Msg4 and subsequent PDSCH prior to the connected state. No changes are needed as the FG 48-2 UE must follow the same initial access procedure as an FG 48-1 UE. Because of that, it is not necessary to change the clause.
Proposal 4: No changes are necessary for the clause “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.”

MBS
In RAN1#114bis, there were several agreements for MBS are well as follow-up discussions for RAN1#115. The following table classifies the agreements made for MBS. This table shows no agreements for Rel-18 MBS as well as FDM MBS and unicast.
[bookmark: _Ref149313639]Table 2. Agreements for MBS and Rel-18 RedCap
	MBS service
	MBS-only
	TDM MBS and unicast

	Broadcast
	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
	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.

	[Rel-17] Multicast (connected state)
	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).
	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.
(FG 33-3-3)

	[Rel-18] Multicast (inactive state)
	
	Not applicable



When an FG 48-1 UE receives a Rel-18 MBS multicast PDSCH, the UE is in the inactive state. It is possible to reuse either the broadcast or the Rel-17 multicast agreement. One possible reason to reuse the broadcast agreement is the UE can have more time to process a larger sized PDSCH when there is no MBS repetition nor any PDSCH in the next slot; the benefit is a possibly higher data rate. The benefit of reusing the Rel-17 multicast agreement keeps the standardization simple. While we prefer to keep standardization simple, we could support a version of the broadcast agreement adopted to Rel-18 multicast MBS.
Proposal 5: Support
· 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:
· Multicast MBS PDSCH in the inactive state without any PDSCH in next slot
· Multicast MBS PDSCH in the inactive state without MBS PDSCH repetition
The following is to be discussed in RAN1#115.
	Agreement:
· Continue to discuss whether and how to update the specification regarding the following aspect:
· [bookmark: _Hlk149314371]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)



This discussion is with regards to FG 33-1-2 “FDM-ed unicast PDSCH and group-common PDSCH for broadcast” and FG 33-3-2 “FDM-ed unicast PDSCH and one group-common PDSCH for multicast”. There are four scenarios to consider, as shown in the following figure. 
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Fig. 1. FDM unicast and MBS PDSCH. Scenarios when the total number of PRBs (a) does not exceed the maximum number; (b) exceeds the maximum number when broadcast is received; (c) exceeds the maximum number but no feedback for multicast; (d) exceeds the maximum number and feedback for MBS multicast.
Scenario (a) has no processing restrictions as the maximum number of PRBs is not exceeded. It is the simplest to specify. Scenarios (b) and (c) are similar except that the size of MBS multicast is limited to 5 MHz by agreement. Provided that the UE has no PDSCH in the next slot and that there is sufficient time to send the feedback for unicast PDSCH, it is possible support these two scenarios. It is also possible to support Scenario (d) provided (1) there is no PDSCH in the next slot, (2) there is sufficient time to send the feedback for unicast PDSCH, and (3) there is sufficient time to send the feedback for MBS multicast.
From one perspective, there is no difference between supporting scenarios (c) and (d) vs scheduling unicast PDSCH in one slot and multicast MBS in the next slot because the next slot for scenarios (c) and (d) should not have PDSCH. While scenarios (c) and (d) can allow the network to optimize resource allocation (e.g., TDD), feedback scheduling may become complicated.
For Scenario (b), the MBS broadcast agreement, as presented in Table 2, could be reused as long there is a HARQ-ACK timeline consideration. It is also possible that the UE can skip decoding the unicast PDSCH.
While we think it is possible to support “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”, from a standardization and implementation perspective, it seems simpler to limit the total number of PRBs. 
Proposal 6: For UE BB bandwidth reduction, support simultaneous MBS broadcast/multicast and unicast when the total number of PRBs does not exceed the maximum number of PRBs that the UE can receive or process per slot.

Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: In 38.213, the word “indicate” is primarily used for capabilities instead of “support”.
Proposal 1: No changes are necessary for the following two clauses:
· 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 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 2: Consider replacing “has not indicated FG 48-2” by “has indicated FG 48-1” in the clause “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.”
Proposal 3: No changes are necessary for the clause “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 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 n+1.”
Proposal 4: No changes are necessary for the clause “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.”
Proposal 5: Support
· 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:
· Multicast MBS PDSCH in the inactive state without any PDSCH in next slot
· Multicast MBS PDSCH in the inactive state without MBS PDSCH repetition
Proposal 6: For UE BB bandwidth reduction, support simultaneous MBS broadcast/multicast and unicast when the total number of PRBs does not exceed the maximum number of PRBs that the UE can receive or process per slot.
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Appendix
17.1A	Second procedures for RedCap UE [5]
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.
