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[bookmark: _Ref521334010]Introduction
In Rel-17, a new type of UE with reduced capability, i.e. RedCap UE, was introduced to support scenarios with middle transmission requirements, such as industrial sensors, video surveillance, and wearables. To further expand the market for RedCap use cases with relatively low cost, low energy consumption, and low data rate requirements, further complexity reduction is considered in Rel-18. After a short study phase, a new WID was approved in RAN#97-e to continue reducing UE complexity for RedCap UE in Rel-18, a.k.a. eRedCap. The latest WID is approved in RAN#101 [1]. 
In RAN1#114, the following agreements were reached for Rel-18 RedCap [2]:
	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.
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.
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
Draft LS R1-2308609 is endorsed in principle by removing all “or band combination”.
Agreement 
Final LS R1-2308610 is endorsed.
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 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 
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


With the agreements above and agreements in previous meetings, we believe most of the essential issues have been addressed. There are only a few remaining issues to be tackled, which will be discussed in our contribution. 
UE BB bandwidth reduction
1 
2 
2.1 
MBS PDSCH bandwidth
The following FL proposal was discussed in RAN1#114. However, due to the limited time, only part of the proposal was exhaustively discussed and agreed, i.e. Case 1a.
	FL4/FL5/FL6 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.


We are generally fine with the proposal. In our understanding, in addition to the agreed case of Case 1a, the broadcast MBS should be allowed to be larger than 5 MHz when it is with repetition, i.e. Case 1b is valid. The reason is simple: 
· When broadcast MBS PDSCH is repeated, the content of MBS PDSCH is the same (though RV can be different). The BB bandwidth reduction UE is free to receive one or part or all of the repetitions to decode MBS PDSCH. 
· This broadcast MBS PDSCH repetition is NOT a TBoMS (TB over multiple slots). The UE is NOT required to receive or process all repetitions to decode MBS PDSCH. It will not be worse than the case of single broadcast MBS without repetition.
In broadcast MBS repetition case, the UE can have more time (multiple slots) to decode one MBS PDSCH due to repetition, so it should be able to decode other PDSCH in consecutive slots.
Proposal 1: For UE BB bandwidth reduction, for broadcast MBS PDSCH with repetition, the number of PRBs can be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS, regardless other PDSCH is transmitted in consecutive slots or not.
· It is assumed that the UE is not required to process all/multiple repetitions for decoding a corresponding broadcast MBS PDSCH.
For multicast MBS PDSCH with HARQ feedback, it is natural that the Rel-18 RedCap UE can provide HARQ feedback in time only if the PDSCH is within 25/12 PRBs for 15/30 kHz SCS. For multicast MBS PDSCH without HARQ feedback, even though the Rel-18 RedCap UE does not need to provide HARQ-ACK feedback, the decoding latency is still increased and the service quality is difficult to guarantee. From view of simplicity, it is slightly preferred to handle this case in the same way as for multicast MBS with HARQ feedback.
In short, we think multicast MBS should NOT be larger than 25 PRBs for Rel-18 RedCap UE with BB bandwidth reduction.
Proposal 2: For UE BB bandwidth reduction, for multicast MBS PDSCH with or without HARQ feedback, the number of PRBs cannot be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
Initial access description for Rel-18 RedCap UE in TS 38.213
The following RAN#99 agreement states that the initial access procedure of Rel-18 RedCap UE supporting FG 48-2 (PR1 only) follows the same procedure as that of FG 48-1 (BW3/PR3 + PR1) [6]:
	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


This implies that, even though a Rel-18 RedCap UE supporting FG 48-2 (PR1 only) can support a PRB number of PDSCH/PUSCH larger than 25/12 for 15/30 kHz, it does not expect the PRB number of Msg3 and also Msg4 to be larger than 25/12 for 15/30 kHz. Such restriction is reasonable,  because:
· (RAN2 WA) No separate barring for FG48-1 and FG48-2 RedCap UE. 
· Early indication in Msg1 does not distinguish a UE of PR1 only or BW3/PR3 + PR1.
Assuming RAN2’s WA is confirmed, the gNB cannot distinguish FG48-1 and FG48-2 RedCap UE before UE capability report. During initial access, the gNB can only schedule the Rel-18 RedCap UE based on conservative timeline assumption, i.e. relaxed timeline assumption for FG48-1 (PR3/BW3 + PR1) UE, and the bandwidth of PUSCH is within 5 MHz. Such restriction on RACH related channels will be common to all kinds of Rel-18 RedCap UE. 
The latest draft CR of TS 38.213 captures the Rel-18 RedCap UE related agreement so far [3]. Related wording on initial access is captured as:
	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 terms ‘that indicated FG 48-2’ implies that a FG 48-2 (PR1 only)  RedCap UE will have the same restriction as FG 48-1 (BW3/PR3 + PR1) only if it already indicated its capability. But the fact is that such restriction should be applied to the case when the FG48-2 RedCap UE has not indicated its capability. So current version is not well-aligned with current situation.
It is suggested to delete ‘that indicated FG 48-2’ to make the restriction general: From gNB’s view, if there is no separate barring for FG 48-1 and FG 48-2 RedCap UE (pending RAN2’s confirm), the gNB shall always use conservative scheduling (by assuming FG 48-1 UE) during RACH. Only if RAN2 reverse the WA and agrees introducing separate barring and only FG 48-1 RedCap UE is barred, the gNB may schedule RACH related channels > 5 MHz and ignore the relaxed timeline for the FG 48-2 RedCap UE.
	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 Rel-18 RedCap UE, adopt the following update in Clause 17.1A of TS 38.213.
	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.


Miscellaneous enhancement
[bookmark: _GoBack]Several other enhancement directions were proposed for Rel-18 RedCap UE, which were captured in Section 5 in the latest FL summary in RAN1#114. The directions include common PUCCH, CSI reporting, FDRA optimization,  frequency hopping, etc. In our view, none of these directions is essential for Rel-18 RedCap UE functioning. Furthermore, some of the enhancement directions are targeting at ‘BW3/PR3 + PR1’ UE only. Making larger difference between ‘BW3/PR3+PR1’ UE and ‘PR1 only’ UE does not help feature development but may lead to more serious market fragmentation. 
In short, we do not see enough justification to continue any discussion on other minor enhancement in maintenance phase.
Proposal 4: There is no enough justification to continue any discussion on other minor enhancement in maintenance phase.
Conclusion
In this contribution, we share our views on further complexity reduction for Rel-18 RedCap UEs. The proposals are summarized as follows:
Proposal 1: For UE BB bandwidth reduction, for broadcast MBS PDSCH with repetition, the number of PRBs can be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS, regardless other PDSCH is transmitted in consecutive slots or not.
· It is assumed that the UE is not required to process all/multiple repetitions for decoding a corresponding broadcast MBS PDSCH.
Proposal 2: For UE BB bandwidth reduction, for multicast MBS PDSCH with or without HARQ feedback, the number of PRBs cannot be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
Proposal 3: For Rel-18 RedCap UE, adopt the following update in Clause 17.1A of TS 38.213.
	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 4: There is no enough justification to continue any discussion on other minor enhancement in maintenance phase.
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