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The eRedCap work item was agreed in RAN#97 and further revised in RAN#98 with the following objectives as given below.
	
4.1	Objective of Core part WI

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.
· Support additional separate early indication(s) [RAN1, RAN2]
· 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.
· 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.
Check in RAN#99 regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone



Overall, the progress of eRedcap work item is good with majority of the design settled. In this contribution, the remaining open issues of eRedcap are addressed. 
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In RAN1 #114bis, one open issue/question was discussed is the following:
· Does PR1 UE needs the timeline relaxation and/or bandwidth restriction in RACH procedure as PR3/BW3 UE?

To answer this question, one need to consider CFRA vs CBRA RACH, and also consider RACH in different RRC states. In the following, we address open issue. 
Timeline relaxation
On this issue, RAN 1 discussed CFRA and CBRA separately. For CFRA, the following agreement was made. Agreement
· The following does not apply to FG 48-2 UEs for CFRA:
· RAR PDSCH timeline relaxation

Based on the above agreement, the timeline relaxation only applies to CBRA, which should be captured in TS 38.213. Furthermore, in current specification of TS 38.213, the timeline relaxation applies to PR1 UE in all RRC states. We think it is over restrictive, based on the following rationale. 
For the following cases, they are about a UE autonomously restarts RACH procedure. Given the UE knows itself is PR1 or PR3, again, timeline relaxation is not needed for these two cases in all RRC states. 
· 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 following case 2b, in RRC_CONNCET or RRC_INACTIVE after gNB decode MsgA, gNB can identify the UE is PR1 or PR3 based on the C-RNTI/I-RNTI. Therefore, the timeline relaxation from reception of successRAR and transmission of corresponding HARQ-ACK is not needed.
· Case 2b: Between reception of successRAR and transmission of corresponding HARQ-ACK

Furthermore, there was a comment that, based on a RAN-P note, PR1 and PR3 eRedcap UE should have a same RACH procedure. Regarding that note, we don't think that having or not having a timeline relaxation would make it a different random access procedure. 
With the above analysis, we propose the following TP. 
Proposal 1: Adopt the following TP in TS 38.213 Section 17.1A. 
*** Unchanged parts are omitted ***
For contention based random access, 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.
For contention based random access from a UE that not supporting FG 48-2, 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.
For contention based random access from a UE that not supporting FG 48-2, or for contention based random access in RRC_IDLE from a UE that supporting FG 48-2, 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.
*** Unchanged parts are omitted ***
Msg3/MsgA bandwidth
The following sentence was still controversial when RAN1 endorsing the editor CR to introduce eRedcap in Rel-18 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.


The situation can be summarized as follows.
· That sentence was not based RAN 1 agreement. Based on a note in RAN-P agreement, that sentence was proposed by a single company during specification review stage and captured in the first version of the CR. 
· During the review stage of the CR, there were different views of that sentence and no consensus to adopt that sentence or not. There was comment (at least from Qualcomm) to remove the whole sentence. 
· As we were approaching the deadline of endorse the CR, editor reported the situation to Chair and suggested to “conditionally” endorse the CR, while RAN1 further discussed the above sentence with two options:
· Remove “that indicated FG 48-2”, or 
· Remove the whole sentence. 

With the understanding that the sentence is still open for discussion, we did not object the endorsement of the CR. Therefore, we don’t think the default outcome is keeping the sentence as it is in specification, if no consensus can be achieved. If our opinion, the default outcome is removing that sentence from TS 38.213, if no consensus is achieved. 
In our view, specification is written to define UE behavior. A UE indicated FG 48-2 (which means the UE is in RRC_CONNECT or RRC_INACTIVE state) does not need BB bandwidth restriction to do either CFRA or CBRA RACH. If NW want to apply the same BB bandwidth restriction to PR1 and PR3/BPW3 UE, it up to NW’s implementation. For UE specification point of view, this paragraph is simply conflict with FG 48-2 UE’s capability. Thus, it should be removed. 
Proposal 2: Adopt the following TP in TS 38.213 Section 17.1A. 
*** Unchanged parts are omitted ***
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.
*** Unchanged parts are omitted ***
MBS PDSCH bandwidth for PR3/BW3 eRedcap UEs
For broadcast MCCH/MTCH in RRC_IDLE/ INACTIVE / CONNECTED, the following agreement is made in RAN1 #114. 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



For multicast MBS in RRC_CONNECTED (Rel-17 MBS only supports multicast in RRC_CONNECTED), the following agreement was made in RAN1 #114bis,
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).


The open issue is MBS PDSCH BW for multicast MCCH/MTCH in RRC_INACTIVE, which is introduced in Rel-18 TEI. 

MBS PDSCH BW for multicast MCCH/MTCH in RRC_INACTIVE
MBS multicast are substantially different in RRC_INACTIVE and RRC_CONNECTED. 
· Multicast in RRC_INACTIVE is very similar to broadcast, which supports both MCCH and MTCH, with a CFG configured by SIB, and without HARQ-ACK feedback. 
· Multicast in RRC_CONNECTED can only support MTCH, with a CFG configured by unicast RRC signalling per DL BWP, with HARQ-ACK can be enabled or disabled. 

Given the design of multicast MCCH/MTCH in RRC_INACTIVE is very similar to broadcast MCCH/MTCH for Redcap UEs and nonRedcap UEs, we prefer to have a unified design between MBS multicast in RRC_INACTIVE with MBS broadcast.
Proposal 3: 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 if both following conditions are satisfied:
· Multicast MCCH/MTCH in RRC_INACTIVE without any PDSCH in next slot.
· Multicast MCCH/MTCH in RRC_INACTIVE without MBS PDSCH repetition.
Simultaneously reception of unicast PDSCH and MBS PDSCH
Simultaneously reception of unicast & MBS PDSCHs for PR3/BW3 UE
On simultaneous reception of MBS PDSCH and unicast PDSCH, the following agreements were made in RAN1 #114bis for PR3/BW3 UEs. 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.


In the following, we discuss the details of “indicated UE capability” for these two features of simultaneous reception. 
On high level, simultaneous reception of a unicast PDSCH and a MBS PDSCH is similar to simultaneous reception of a unicast PDSCH and a legacy broadcast PDSCH (SIB/paging/RAR). But if digging deeper, there are some minor differences between the two scenarios. 
· SIB/paging/RAR only support up to 64QAM. Broadcast MTCH/MCCH only support up to 64QAM. While, multicast MTCH/[MCCH] can support up to 256QAM/1024QAM (subject to UE capabilities).
· SIB/paging/RAR only support single layer transmission. Broadcast MTCH/MCCH only support single layer too. While, multicast MTCH/[MCCH] can support MIMO with up to 2, 4, or 8 layers (subject to UE capabilities).

Due to the potential large modulation order and number of MIMO layers on multicast, in addition to UE capability to support simultaneous reception of unicast PDSCH and MBS PDSCH with single layer and modulation order no larger than 64QAM, dedicated UE capability should be introduced to support simultaneous reception of unicast PDSCH and MBS PDSCH, with more than 1 layers and/or high modulation order than 64QAM. 
With the above analysis, the following proposal is made. 
Proposal 4: For an eRedCap UE with bandwidth reduction, in the FG of UE capability signaling for simultaneous reception of MBS multicast PDSCH and unicast PDSCH, the FG further indicates whether the multicast PDSCH can support more than 1 layers MIMO and/or high modulation order than 64QAM (no larger than those of unicast PDSCH). 
Simultaneously reception of unicast & MBS PDSCHs for PR1 UE
Given that Rel-18 PR3/BW3 eRedcap UE support the functionality of simultaneous reception of MBS PDSCH and unicast PDSCH, PR1 eRedcap UE should also be allowed to support this feature, with dedicated UE capabilities, of course. 
With the above reasoning, the following proposal is made. 
Proposal 5: For an eRedCap UE without bandwidth reduction, subject to UE capability, support simultaneous reception of a unicast PDSCH dynamically scheduled with C-RNTI, CS-RNTI, MCS-C-RNTI, and a multicast or broadcast PDSCH dynamically scheduled with G-RNTI, G-CS-RNTI, MCCH-RNTI, conditioning on 
· Single MIMO layer and up to 64QAM for broadcast PDSCH.
· For multicast PDSCH, dedicated additional UE capabilities are introduced to indicate whether the multicast PDSCH can support more than 1 layers MIMO and/or high modulation order than 64QAM (no larger than those of unicast PDSCH). 
· The sum data rate of the FDMed multicast or broadcast PDSCH and the unicast PDSCH does not exceed the peak data rate of 10Mbps. 
Common PUCCH potential enhancement
In RAN1 #113, an issue on common PUCCH (carrying HARQ-ACK for Msg4 in PUCCH format 1) is identified in [2]. The issue is that common PUCCH with frequency hopping and without frequency hopping cannot be multiplexed on a same RB, which will increase the unitization of RBs to FDM those two PUCCHs. There are two reasons that they cannot be multiplexed. One reason, as mentioned in [2], is because the difference sequences used on the two frequency hops for the PUCCH with hopping. Another reason, which is missed in in [2], is because the different the DFT OCC sizes between the PUCCH with and without frequency hopping. As illustrated in Fig 1, assuming the common PUCCHs for all 4 users with M OFDM symbol, UE 3 and 4 (without frequency hopping) would apply size M/2 DFT OCC (upon M/2 DMRS symbols and M/2 UCI symbols). While UE1 and 2 (with frequency hopping) would apply size M/4 DFT OCC (upon M/4 DMRS symbols and M/4 UCI symbols on each hop). Apparently, due to different DFT OCC size, UE 3 cannot multiplex with UE1/UE2 on the top RB, while UE4 cannot multiplex with UE1/UE2 on the bottom RB. 
To solve this problem, both the sequence and the DFT OCC size have to be aligned between UEs with and without frequency hopping. Given this is late stage on Rel-18, specification impact and UE/gNB implementation should be carefully considered, before deciding fixing this issue or not. 
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[bookmark: _Ref126933648]Fig 1: Common PUCCH w/ and w/o frequency hopping cannot multiplex on same RB due to different DFT OCC size and different sequence. 
Conclusions
In summary, the following are proposed to resolve remaining issues in Rel-18 eRedcap WI. 
Proposal 1: Adopt the following TP in TS 38.213 Section 17.1A. 
*** Unchanged parts are omitted ***
For contention based random access, 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.
For contention based random access from a UE that not supporting FG 48-2, 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.
For contention based random access from a UE that not supporting FG 48-2, or for contention based random access in RRC_IDLE from a UE that supporting FG 48-2, 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.
*** Unchanged parts are omitted ***
Proposal 2: Adopt the following TP in TS 38.213 Section 17.1A. 
*** Unchanged parts are omitted ***
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.
*** Unchanged parts are omitted ***
Proposal 3: 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 if both following conditions are satisfied:
· Multicast MCCH/MTCH in RRC_INACTIVE without any PDSCH in next slot.
· Multicast MCCH/MTCH in RRC_INACTIVE without MBS PDSCH repetition.
Proposal 4: For an eRedCap UE with bandwidth reduction, in the FG of UE capability signaling for simultaneous reception of MBS multicast PDSCH and unicast PDSCH, the FG further indicates whether the multicast PDSCH can support more than 1 layers MIMO and/or high modulation order than 64QAM (no larger than those of unicast PDSCH). 
Proposal 5: For an eRedCap UE without bandwidth reduction, subject to UE capability, support simultaneous reception of a unicast PDSCH dynamically scheduled with C-RNTI, CS-RNTI, MCS-C-RNTI, and a multicast or broadcast PDSCH dynamically scheduled with G-RNTI, G-CS-RNTI, MCCH-RNTI, conditioning on 
· Single MIMO layer and up to 64QAM for broadcast PDSCH.
· For multicast PDSCH, dedicated additional UE capabilities are introduced to indicate whether the multicast PDSCH can support more than 1 layers MIMO and/or high modulation order than 64QAM (no larger than those of unicast PDSCH). 
· The sum data rate of the FDMed multicast or broadcast PDSCH and the unicast PDSCH does not exceed the peak data rate of 10Mbps. 
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