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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]. 
So far, 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. 
1 
2 
2.1 
MBS PDSCH bandwidth
The following agreements on MBS for Rel-18 RedCap UE were reached in RAN1#114bis [2].
	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
· 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.


It is obvious that MBS is the most complicated feature for Rel-18 RedCap UE at this stage. In this section, we provide our views on how Rel-18 RedCap UE supports MBS feature.
[bookmark: _Ref148451944]Repetition of broadcast MBS
In RAN1#114, it was agreed that Rel-18 RedCap UE shall be able to receive broadcast MBS larger than 5 MHz, when there is no repetition and no other PDSCH in the next slot. Moreover, in our understanding, broadcast MBS should be allowed to be larger than 5 MHz when it is with repetition. The reasons are 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, by skipping some of the repeated MBS PDSCH, 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. This can also benefit network. From network’s perspective, the network can feel free to use repetition in broadcast MBS, regardless Rel-18 Redcap UE is in its coverage or not.
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 can skip some of the repetitions, by implementation, for decoding a corresponding broadcast MBS PDSCH.
Multicast MBS in RRC_INACTIVE mode
For Rel-17 multicast MBS PDSCH, i.e. multicast MBS in RRC_CONNECTED mode with HARQ feedback, it was agreed that the allocated transmission bandwidth should be no larger than 5 MHz. For Rel-18 multicast MBS PDSCH without HARQ feedback, i.e. multicast MBS PDSCH in RRC_INACTIVE mode, 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. Note that multicast is anyway different with broadcast. Broadcast MBS is targeted at all UE or at least all RedCap UEs in the cell, while multicast MBS can distinguish different kinds of UEs and the configuration of each UE is up to gNB’s implementation.
In short, we think multicast MBS should not be larger than 25 PRBs for Rel-18 RedCap UE with BB bandwidth reduction, regardless of RRC state.
Proposal 2: For UE BB bandwidth reduction, for multicast MBS PDSCH in RRC_INACTIVE mode, reuse the same handling of multicast MBS in RRC_CONNECTED state, i.e. no larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
Simultaneous reception of MBS broadcast/multicast and unicast PDSCH
It is FFS whether to allow the total number of PRBs exceeds the maximum number of PRBs that the UE can receive or process, when MBS broadcast/multicast and unicast PDSCH are simultaneously received. And if so, what is the UE behavior, i.e. whether any of the channel will be prioritized/dropped.
Considering we are in the maintenance phase, especially in the last meeting of Rel-18, we prefer to simplify the discussion as much as possible. The most straightforward way is to clarify that this is an invalid case. Otherwise, if we consider this as a valid case, we need to address the following issues, as shown in Figure 1:
· Is it a valid case if there are MBS repetitions in continuous slots (including next slot) larger than 5 MHz?  Note that t is still controversial as discussed in Section 2.1.
· Is it a valid case if there are other MBS PDSCHs in continuous slots (including next slot) larger than 5 MHz?
· It is even more complicated if we need to differentiate whether the ‘other MBS PDSCHs’ can be larger than 5 MHz or not.
· Is it a valid case if there are other unicast PDSCHs in continuous slots (including next slot)?
· Is it a valid case if there are other MBS and also unicast PDSCHs in continuous slots (including next slot)?
· …
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[bookmark: _Ref148451851]Figure 1 Case B~E are subsequent discussion points if we agree that Case A is valid
To avoid over-optimization of such corner case, and for the sake of completion of Rel-18 RedCap UE design, we suggest clarifying that this is an invalid case.
Proposal 3: Conclude that it is invalid for simultaneous MBS broadcast/multicast and unicast reception when the total number of PRBs exceeds the maximum number of PRBs that the UE can receive or process per slot.
Same/different handling of FG48-1/48-2 UEs during RACH
The following agreements on CFRA of FG 48-2 UEs were reached in RAN1#114bis [2].
	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.


Theoretically, for CFRA, the gNB shall be aware of the specific UE once the PRACH initiated by PDCCH order is detected. Hence, for FG 48-2 capable UE, timeline relaxation is unnecessary for all channels after MsgA PRACH. Therefore:
· For case 2a, 2c and 2d mentioned in the agreement above, timeline relaxation does not need to apply. Terminology like ‘in response to a PRACH transmission initiated by a PDCCH order that triggers a contention-free random access procedure’ can be considered to describe CFRA in physical layer specification.
· For case 2b, MsgA PUSCH shall carry C-RNTI in CFRA. If MsgA PUSCH is successfully decoded by gNB, the gNB shall schedule the subsequent PDSCH with C-RNTI. There is no PDSCH carrying successRAR asking HARQ-ACK feedback.
Meanwhile, current TS 38.213 captures UE behavior regarding relaxed timeline in Clause 17.2 with the following statement: ‘otherwise, the UE behaviour is based on UE implementation’.  And it does not distinguish FG 48-1 and FG 48-2 UE in corresponding description. Somehow, even without any modification, current specification seems not broken. Because FG 48-2 UE shall be able to perform Msg3 PUSCH or PUCCH transmission (by implementation), when the scheduling timeline does not satisfy the relaxed timeline. 
In summary, we are fine to update the specification for all cases mentioned in the agreement above. Alternatively, we are also OK to clarify that current ‘otherwise, the UE behaviour is based on UE implementation’ in Clause 17.2 already implies normal transmission during CFRA in 2-step RACH for FG 48-2 UE when the scheduling timeline does not satisfy the relaxed timeline.
Proposal 4: Regarding the timeline relaxation of CFRA in 2-step RACH for FG 48-2 UE, choose one of the following alternatives:
· Alt 1: Update specification for all cases 2a, 2c, 2d to reflect that the relaxed timeline does not apply to CFRA in 2-step RACH for FG 48-2 UE. Case 2b is not valid in CFRA 2-step RACH.
· Case 2b is not a valid case in CFRA 2-step RACH.
· Alt 2: No need to update the specification. Clarify that FG 48-2 UE does not apply relaxed timeline for 2-step RACH in CFRA, which is already captured in current specification by ‘otherwise, the UE behaviour is based on UE implementation’.
Detailed spec text proposals
The following agreement was reached in RAN1#114bis [2].
	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


Note that during RAN1#114bis, the following FL question was discussed without consensus.
	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.


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?
There are two discussion points in this issue.
D1) Understanding of ‘a UE that has not indicated FG 48-2’
In current description, there is no limitation on the valid time of ‘a UE that has indicated FG 48-2’. And then, in one understanding, from UE’s perspective, once a UE has indicate FG 48-2 capability for a serving cell in time t1, it may consider the condition of ‘a UE that has indicated FG 48-2’ will be valid for all the time after t1, for any cell. This makes ‘a UE that has not indicated FG 48-2’ almost equivalent to ‘a UE not supporting FG 48-2’ eventually. 
Though it is debatable whether this should be a valid case since the network does not keep UE capability once the UE is released into RRC_IDLE, current specification only touches RNTIs in RRC_CONNECTED mode. Maybe it is safe to replace it by ‘UE not supporting FG 48-2’.
D2) Desire to keep unified behavior during CBRA for FG 48-1 and FG 48-2 UE
In our understanding, for CBRA, the gNB cannot distinguish FG 48-1 or FG 48-2 UE before UE capability report. A natural outcome is to use conservative scheduling, i.e. guarantee that the scheduling of Msg3 PUSCH and Msg4 PDSCH is no larger than 5 MHz. Note that current specification already restricts to this case since the wording is ‘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’. In CFRA, there is no ‘PUSCH scheduled by RAR UL grant or by a DCI scrambled TC-RNTI’, but only PUSCH scheduled by C-RNTI.
As a result, removing ‘that indicated FG 48-2’ in the last paragraph in the box above is a better choice to demonstrate the intention: unified handling/behaviour for FG 48-1 and FG 48-2 UE.
Proposal 5: Update the current specification as follows:
	A UE that has not indicated not supporting 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 not supporting 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 not supporting 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.


Miscellaneous enhancement
Several other enhancement directions were proposed for Rel-18 RedCap UE, which were captured in Section 5 in the latest FL summary in RAN1#114bis. 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 on other minor enhancement in maintenance phase.
Proposal 6: 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 remaining issues of 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 can skip some of the repetitions, by implementation, for decoding a corresponding broadcast MBS PDSCH.
Proposal 2: For UE BB bandwidth reduction, for multicast MBS PDSCH in RRC_INACTIVE mode, reuse the same handling of multicast MBS in RRC_CONNECTED state, i.e. no larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
Proposal 3: Conclude that it is invalid for simultaneous MBS broadcast/multicast and unicast reception when the total number of PRBs exceeds the maximum number of PRBs that the UE can receive or process per slot.
Proposal 4: Regarding the timeline relaxation of CFRA in 2-step RACH for FG 48-2 UE, choose one of the following alternatives:
· Alt 1: Update specification for all cases 2a, 2c, 2d to reflect that the relaxed timeline does not apply to CFRA in 2-step RACH for FG 48-2 UE. Case 2b is not valid in CFRA 2-step RACH.
· Case 2b is not a valid case in CFRA 2-step RACH.
· [bookmark: _GoBack]Alt 2: No need to update the specification. Clarify that FG 48-2 UE does not apply relaxed timeline for 2-step RACH in CFRA, which is already captured in current specification by ‘otherwise, the UE behaviour is based on UE implementation’.
Proposal 5: Update the current specification as follows:
	A UE that has not indicated not supporting 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 not supporting 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 not supporting 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.


Proposal 6: There is no enough justification to continue any discussion on other minor enhancement in maintenance phase.
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