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Introduction
In WID RP-223544 [1], the objectives of supporting Rel-18 eRedCap UE are as below:
	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


In RAN1 #111, the following agreements were reached:
	Agreement
For the earlier RAN1 agreement achieved in RAN1#111 as following,
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, the scheduling of RAR PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot.
· When the scheduling of RAR PDSCH is within the maximum number of unicast PRBs that the UE can process per slot, the legacy time between RAR reception and Msg3 transmission (not smaller than NT,1 + NT,2 + 0.5 ms) is applied.
· When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot,
· The UE receives the RAR and correspondingly transmits Msg3 if the TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is NOT smaller than NT,1 + NT,2 + 0.5 + X ms.
· FFS: value(s) of X
· Otherwise, the UE behavior is up to the UE implementation.
· Note: it does not mean early indication is needed
· Note: it will not be used as example for unicast PDSCH
For the “FFS: value(s) of X”
· X = [0.5/0.25 or 1/0.5 or 2/1] ms for 15/30kHz SCS
· Note: Single Value pair for X is to selected for SCSs
Conclusion
There is no consensus to continue discussion on “whether additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs is allowed to be configured by the SIB in the cell”.
Conclusion
For UE BB complexity reduction, there is no need to relax the requirements on simultaneous reception of two broadcast PDSCH transmissions for SIB1/OSI/paging/RAR.
Agreement
For the relaxed constraint X in the following earlier RAN1 agreement, down-select between X = 3 and X = 3.2.
	· UE peak data rate reduction is supported at least as an add-on to UE BB bandwidth reduction,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X.
· FFS: the value of X


Agreement 
Update the agreement for PDSCH paging with the clarification as follows:
· From RAN1 perspective, for UE BB complexity reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation). The scheduling of paging PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
Agreement
For UE BB complexity reduction, a UE is not expected to perform 2-step RACH with a MsgA PUSCH resource spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
Working Assumption
· 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.


In RAN2 #121bise meeting, some agreements related UE or NW capabilities were reached as below:
	[bookmark: _Hlk133145456]SIB1 should be able to indicate whether the cell enables access for eRedCap UEs or not (assuming that eRedCap UE is not allowed to access to the legacy cell nor the cell not supporting eRedCap). FFS on the relationship and granularity with the access control/cell barring purpose indication.
A Rel-18 eRedCap UE should be able to indicate its support via new UE capability signaling specific to Rel-18 eRedCap.
Introduce R18 eRedCap UE specific IFRI in SIB1.
The new R18 eRedCap UE specific IFRI functionality works as follows: 
- Controls cell selection/reselection to intra-frequency cells for eRedCap UEs when this cell is considered barred by the eRedCap UE, as specified in TS 38.304 [20]. 
- Working assumption (pending check in running CRs): If not present, an eRedCap UE treats the cell as barred, i.e., the UE considers that the cell does not support eRedCap.
Introduce eRedcapAccessAllowed-r18 in interFreqCarrierFreqList in SIB4, about the frequency of neighbour cell supporting eRedCap, similar to R17.
From RAN2 perspective, there is no need to introduce eRedCap UE specific initial BWP configuration (i.e. no R18 new field and at most one specific initial UL/DL BWP can be configured).
If the R17 RedCap specific initial BWP is configured, eRedCap UEs always use it as its specific initial BWP (assuming no eRedCap UE specific initial BWP configuration field introduced).
Working assumption: Use two new LCID values to support Msg3 early identification for eRedCap UE (can be revised and discussed together with other R18 WIs, if R18 WIs may occupy relatively many LCIDs).


In RAN2 #122 meeting, some agreements related UE or NW capabilities were reached as below:
	RAN2 confirms there can be cell(s) supporting Rel-18 eRedCap only, i.e., not allowing Rel-17 RedCap UE to camp and access.
We introduce R18 versions of 1Rx and 2Rx barring bits and we don’t introduce a R18 version of the HD-FDD allowed-bit, i.e., the R17 HD-FDD allowed-bit is reused for and applied by R18 eRedCap UEs.
All R18 eRedCap UEs uses the two new LCIDs for Msg3/MsgA PUSCH for CCCH/CCCH1 during Random Access, i.e., both those with peak rate reduction + BB BW reduction, and those with only peak rate reduction.


In RAN1#113 meeting, LS on Rel-18 RAN1 UE features list for NR [2] have been agreed and will be sent to RAN2.
In this contribution, based on the RAN1 and RAN2 progresses, we will discuss how to define and report the UE capability for eRedCap UEs. An issue related to UE capability is also discussed and our proposal is given.
Discussions
eRedCap UE Capability definition
In the RAN1 LS on UE features list [2], the following two feature groups have been included:
	Features
	Index
	Feature group
	Components
	Type
(1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Mandatory/Optional

	48. NR_redcap_enh
	48-1
	RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1
	The following components are the same as for supportOfRedCap-r17 (28-1):
1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
3. Early indication of RedCap UE in Msg.1 for 4-step RACH
4. Separate initial UL BWP for RedCap UEs
- It includes the configuration(s) needed for RedCap UE to perform random access
- Enabling/disabling of frequency hopping for common PUCCH resources
5. Separate initial DL BWP for RedCap UEs
- It includes CSS/CORESET for random access
- For separate initial DL BWP used for paging, CD-SSB is included
- For separate initial DL BWP only used for RACH, SSB may or may not be included
- For separate initial DL BWP used in connected mode as BWP#0 configuration option 1, CD-SSB is included
6. 1 UE-specific RRC configured DL BWP per carrier
7. 1 UE-specific RRC configured UL BWP per carrier
8. RRC reconfiguration of any parameters related to BWP
9. UE-specific RRC configured DL BWP with CD-SSB or NCD-SSB
10. NCD-SSB based measurements in RRC-configured DL BWP
The following components are new compared to supportOfRedCap-r17 (28-1):
[11. DL/UL peak data rate target of 10 Mbps] 
12. Maximum number of PDSCH/PUSCH PRBs that can be scheduled for unicast per slot of 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
13. Relaxed RAR-PDSCH processing timeline
FFS whether to add additional components
	[Per UE]
	Optional with capability signaling
UEs supporting Rel-18 eRedCap UE complexity reduction feature(s) indicate support of this FG instead of FG 28-1 (supportOfRedCap-r17).

	48. NR_redcap_enh
	48-2
	RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1
	The capabilities of FG 48-2 are the same as for FG 48-1 except that the following restriction does not apply:

12. Maximum number of PDSCH/PUSCH PRBs that can be scheduled for unicast per slot of 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
[13. Relaxed RAR-PDSCH processing timeline]
	[Per UE]
	Optional with capability signaling


Based on RAN1 agreementws, and in order that gNB can configure appropriate radio resource for the UEs in different feature groups, at least the following two optional capabilities should be defined per UE to differentiate the two feature groups:
· RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1 (e.g., supportOfERedcapWithReducedBB) 
· RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1 (e.g., supportOfERedcapWithoutReducedBB)
Proposal 1: Two optional capabilities should be defined per UE to differentiate the two feature groups: 
· RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1 (e.g., supportOfERedcapWithReducedBB);
· RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1 (e.g., supportOfERedcapWithoutReducedBB).

About Msg4/MsgB with larger BB than eRedCap UE capability
In RAN1#112 meeting, a LS [3] on Msg4 PDSCH transmission of Rel-18 eRedCap UEs has been agreed and sent to RAN2. In this LS, RAN2 is asked to consider the UE behavior for the case when the BB complexity reduction UE detects a DCI scheduling a Msg4 PDSCH transmission with a larger bandwidth than it can receive or process. This issue has been briefly discussed in RAN2#122 meeting but no consensus can be achieved.
According to the current RAN2 specification for 4-step CBRA procedure, only the Msg4 MAC PDU is successfully decoded, UE will stop the ra-ContentionResolutionTimer, and decide whether the Contention Resolution is successful or not successful. Since the BB complexity reduction UE cannot decode the Msg4 PDSCH with a larger bandwidth than it can receive or process, it will monitor the PDCCH until the ra-ContentionResolutionTimer expires. So, UE still can work normally based on the current specification.
Observation 1: According to current RAN2 specification for 4-step CBRA procedure, the BB complexity reduction UE still can work when it detects a DCI scheduling a Msg4 PDSCH transmission with a larger bandwidth than it can receive or process, e.g. keep monitoring the PDCCH until the ra-ContentionResolutionTimer expires.
Furthermore, the same issue also exists in 2-step RACH procedure, and the same procedure is used in the current specification, e.g. only if a valid downlink assignment has been received on the PDCCH for the MSGB-RNTI and the received TB is successfully decoded, the UE will stop the msgB-ResponseWindow, and decide whether this Random Access procedure successfully completed or not. So similarly, the current RAN2 specification can work normally when the BB complexity reduction UE detects a DCI scheduling a MsgB PDSCH with a larger bandwidth than it can receive or process.
Observation 2: The same issue also exists in 2-step RACH procedure and the current RAN2 specification can work normally when the BB complexity reduction UE detects a DCI scheduling a MsgB PDSCH with a larger bandwidth than it can receive or process, e.g. keep monitoring the PDCCH until the msgB-ResponseWindow expires.
Some optimization has been mentioned in last meeting, e.g. when the BB complexity reduction UE detects a PDCCH addressed to its TEMPORARY_C-RNTI scheduling a Msg4 PDSCH with a larger bandwidth than it can receive or process, the UE can stop the ra-ContentionResolutionTimer, consider the Contention Resolution not successful, and trigger another random access process instantly. However, the proponent companies cannot achieve consensus on how to implement this optimization. Some companies think RAN1 indication would be needed as physical layer (not MAC layer) may be the suitable entity who can determine “a DCI scheduling a Msg4 PDSCH transmission with a larger bandwidth than it can receive or process”, meanwhile some other companies hope RAN2 can address this by itself. 
Such optimization may save UE power and reduce the random access delay, however, we think the gain is trivial, especially compared to the possible specification modifications. Please note, if RAN1 needs to be involved, the specification impacts may be kind of large as both 4-step and 2-step RACH procedures need to be taken into account.
Moreover, if the Msg1/MSGA based early indication is used, this case of Msg4 PDSCH with a larger bandwidth can be avoid. Even Msg1/MSGA based early indication is not used, the UE behavior is at least similar as that of Contention Resolution failure process for legacy UE.
Observation 3: Some optimization may be possible for the case that BB complexity reduction UE detects a PDCCH addressed to its TEMPORARY_C-RNTI scheduling a Msg4 PDSCH with a larger bandwidth than it can receive or process, but the gain is trivial, and the potential specification impacts are unclear.

Thus, we suggest to no do any optimization for this case, and reply LS to RAN1 that the current RAN2 specification can work normally when the BB complexity reduction UE detects a DCI scheduling a Msg4 PDSCH or a MsgB PDSCH with a larger bandwidth than it can receive or process.
Proposal 2: To reply LS to RAN1 that the current RAN2 specification can work normally when the BB complexity reduction UE detects a DCI scheduling a Msg4 PDSCH or a MsgB PDSCH with a larger bandwidth than it can receive or process.
Conclusions
[bookmark: _GoBack]This contribution presents some of our views and the following observations and proposals are given:
Proposal 1: Two optional capabilities should be defined per UE to differentiate the two feature groups: 
· RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1 (e.g., supportOfERedcapWithReducedBB);
· RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1 (e.g., supportOfERedcapWithoutReducedBB).

Observation 1: According to current RAN2 specification for 4-step CBRA procedure, the BB complexity reduction UE still can work when it detects a DCI scheduling a Msg4 PDSCH transmission with a larger bandwidth than it can receive or process, e.g. keep monitoring the PDCCH until the ra-ContentionResolutionTimer expires.
Observation 2: The same issue also exists in 2-step RACH procedure and the current RAN2 specification can work normally when the BB complexity reduction UE detects a DCI scheduling a MsgB PDSCH with a larger bandwidth than it can receive or process, e.g. keep monitoring the PDCCH until the msgB-ResponseWindow expires.
Observation 3: Some optimization may be possible for the case that BB complexity reduction UE detects a PDCCH addressed to its TEMPORARY_C-RNTI scheduling a Msg4 PDSCH with a larger bandwidth than it can receive or process, but the gain is trivial, and the potential specification impacts are unclear.
Proposal 2: To reply LS to RAN1 that the current RAN2 specification can work normally when the BB complexity reduction UE detects a DCI scheduling a Msg4 PDSCH or a MsgB PDSCH with a larger bandwidth than it can receive or process.
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