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1. Background
RAN1 TR for “Rel-18 Study on further NR RedCap (reduced capability) UE complexity reduction” has been agreed [1] and RAN1 provided the conclusion/recommendation as shown below:

	9.   Conclusions and recommendations

Further NR RedCap UE complexity reduction techniques have been analyzed individually in clauses 7.2 through 7.4 as well as in different combinations in clause 7.5. The coverage impacts of the complexity reduction techniques have been analyzed in clause 8. The main observations from the coverage impact evaluations are summarized in clause 8.2.4.
Based on the analysis of the studied UE complexity reduction options, most companies in RAN1 recommend that a single option is down-selected from a list of options as the main Rel-18 RedCap UE complexity reduction option at RAN plenary. The list includes the following options.
· Option BW3:
· 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.
· Option PR3:
· Restriction of maximum number of PRBs for PDSCH and PUSCH.
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11 or 12.
· The restricted number of PRBs in Option PR3 is a hardcoded limit.

Some of the companies who participated in the study also wanted to include one or both of the following options in the above list, for RAN plenary to assess the trade-off between degree of complexity reduction and specification impact.
· Option PR1:
· Relaxation of the constraint   for peak data rate reduction.
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters ([image: ], [image: ], [image: ]) [38.306] can be as in Rel-17 RedCap.
· Option BW1:
· Both RF and BB bandwidths are 5 MHz for UL and DL.

Furthermore, RAN1 recommends that the following option is considered as a potential add-on. Whether to adopt this potential add-on can be decided during WI phase.
· Option PR1:
· Relaxation of the constraint   for peak data rate reduction.
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters ([image: ], [image: ], [image: ]) [38.306] can be as in Rel-17 RedCap.

Whether or not to also introduce support for option PT1 and/or PT2 for a Rel-18 RedCap UE can be decided at RAN plenary.
· Option PT1:
· Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2 (as defined in TS 38.214) compared to those of UE processing time capability 1
· The relaxation factor for N1 and N2 is assumed to be 2 in the study.
· Option PT2:
· Relaxation of UE processing time for CSI in terms of Z and Z’ compared to the values defined in TS 38.214 clause 5.4
· The relaxation factor for Z and Z’ is assumed to be 2 in the study.




In this contribution, we provide our views on conclusion of eRedCap study and corresponding scope for Rel-18 work item. We also provide the upper-layer related potential scope for Rel-18 eRedCap work item including the objectives which were discussed in [3].

2. Potential scope of eRedCap work item

2.1 Further reduced UE cost/complexity
As described in the conclusion part of the study item TR [1], TSG RAN is requested to down-select a single option from 4 candidate options as the main Rel-18 RedCap UE complexity reduction option. Table 1 is summarizing description of options and observations as captured in study item TR [1].

[bookmark: _Ref112952712]Table 1. Comparison of candidate options (w.r.t. BW reduction or peak rate reduction)
	Option
	Description
	Observations from study item [1]

	BW3
	· 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.
	· Complexity reduction is less than BW1 but larger than PR1 and slightly larger than PR3 as well
· Coverage impact for SIB1-PDSCH if the bandwidth allocation for SIB1 PDSCH exceeds 5 MHz
· Coexistence issues are smaller than BW1
· SIB1, OSI, RAR and MSG4 need to be scheduled within 5 MHz, otherwise there may be coexistence impacts on legacy UEs
· Smaller specification impacts compared to BW1

	PR3
	· Restriction of maximum number of PRBs for PDSCH and PUSCH.
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11 or 12.
· The restricted number of PRBs in Option PR3 is a hardcoded limit.
	· Complexity reduction is less than BW1 but larger than PR1
· Coverage impact for SIB1-PDSCH if the bandwidth allocation for SIB1 PDSCH exceeds 5 MHz
· SIB1, OSI, RAR and MSG4 need to be scheduled within 5 MHz, otherwise there may be coexistence impacts on legacy UEs


	PR1
	· Relaxation of the constraint   for peak data rate reduction.
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters () [38.306] can be as in Rel-17 RedCap.
	· The smallest complexity reduction 
· There is no or small coexistence issue

	BW1
	· Both RF and BB bandwidths are 5 MHz for UL and DL.
	· Largest complexity reduction
· Coverage impact for SIB1-PDSCH if the bandwidth allocation for SIB1 PDSCH exceeds 5 MHz
· Link performance degradation for PDCCH, and PBCH
· Largest coexistence issues
· Significant specification impacts



Based on the observations of all candidate options, and also considering the suitability to LTE-NR dual mode devices, it is suggested to select PR1 inside the scope of Rel-18 eRedCap work item.


Proposal 1: 
· At least introduce support of PR1 in Rel-18 and evaluate the possibility of making it early implementable.
· Potentially in support of dual-mode LTE-NR devices (Cat1bis-eRedCap)

Proposal 2:
· Consider skipping both BW3 and PR3 in Rel-18. In case one of them needs to be done, choose BW3 over PR3. 


TSG RAN is also requested to decide Whether or not to introduce support for option PT1 and/or PT2 for a Rel-18 RedCap UE. Table 2 is summarizing description of options and observations as captured in study item TR [1].
[bookmark: _Ref112953127]Table 2. Comparison of candidate options (w.r.t. timeline relaxation)
	Option
	Description
	Observations from study item [1]

	PT1
	· Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2 (as defined in TS 38.214) compared to those of UE processing time capability 1
· The relaxation factor for N1 and N2 is assumed to be 2 in the study.
	· There is impact on latency
· May help reducing UE power consumption
· May have an impact on scheduling flexibility
· May cause potential coexistence issues with legacy UEs if early identification of Rel-18 RedCap UEs prior to Msg2 scheduling is not supported, or conservative scheduling is not possible
· New values need to be defined in the spec

	PT2
	· Relaxation of UE processing time for CSI in terms of Z and Z’ compared to the values defined in TS 38.214 clause 5.4
· The relaxation factor for Z and Z’ is assumed to be 2 in the study.
	· There is impact on latency
· May have impacts on scheduling flexibility and potentially make the scheduler more complex
· No coexistence impact is expected
· New values need to be defined in the spec



Based on the observations of PT1/PR2, it is suggested to NOT introduce support for option PT1/PR2.

Proposal 3:
· Do not introduce support of PT1/PT2 in Rel-18


2.2 Longer DRX cycle for INACTIVE state
In Rel-17, RAN2 studied eDRX cycles longer than 10.24s for RRC Inactive and agreed in RAN2#113-e to include the feature as possible enhancements for RedCap UEs in the TR. However, RAN2 acknowledged that its feasibility must be confirmed by SA2/CT1.
	RAN2 agreements at RAN2#113-e:
1. Capture in the TR that RAN2 sees a benefit and recommends extending the eDRX cycle in RRC_INACTIVE beyond 10.24s for REDCAP UEs.
2. SA2/CT1 must be consulted on the feasibility prior to the introduction of eDRX cycles longer than 10.24 seconds in RRC Inactive.


However, this feature did have impact on core network procedures (e.g. NAS retransmission timer). SA2/CT did not agree to support it because they did not have any TUs available in Rel-17 to study enhancements required by the feature.
Observation 1:  	
· Previously, RAN2 agreed to study eDRX cycles longer than 10.24s for RRC Inactive in Rel-17 RedCap SI. However, it was not adopted because SA2/CT1 was not able to study necessary changes in core network to support the feature.
In Rel-18 FS_REDCAP_Ph2, SA2 have been discussing options required to enable eDRX longer than 10.24s for RRC Inactive and reached the following agreements in SA2#152-e: 
	SA2#152-e agreements:  
-    It is agreed to support MT data signalling handling in CN when the UE is unreachable due to long extended DRX in RRC inactive. 
-   When the gNB sends an indication to the CN and provides unreachability information (e.g., eDRX values negotiated between UE and gNB for RRC_INACTIVE state), the CN applies the HLCOM functions based on gNB provided unreachability information (as described in solution #6).
-    If the gNB has indicated the UE has entered RRC_INACTIVE to the CN, the gNB also notifies the CN about the RRC State transition back to RRC_CONNECTED (as described in solution #6).
Editor’s Note: Details on possible triggers for gNB to send indication are FFS.
NOTE 1: If the indication of UE transition to RRC_INACTIVE is not sent (or sent after UE has entered RRC_INACTIVE) by the gNB then until CN receives it the CN cannot apply HLCOM functionality and other NFs will not be aware of the UE reachability, and certain HLCom related services provided to the AF via NEF would not be available. Downlink data transmitted from the UPF to RAN might be discarded and not delivered to the UE.
NOTE 2:  Further coordination with RAN WGs may be needed during the normative phase



In addition, SA2 have consulted with RAN2 and RAN3 on the potential impacts of their solution. Both RAN2 and RAN3 confirmed its feasibility (see R2-2209243 and R3-224986, respectively).
Observation 2: 	
· SA2 have agreed to support eDRX cycles longer than 10.24s for RRC Inactive in Rel-18. Their solution has been confirmed by RAN2 and RAN3 already. 
With SA2’s support in place, we believe RAN2 should discuss and specify RAN2 enhancements for the feature in Rel-18 eRedCap WI. It will be beneficial for eRedCap UEs in IoT use cases, e.g. it can enable RedCap UEs to save more powers by using longer eDRX cycles or using small data transfer in RRC Inactive.
Proposal 4: 	
· Include the discussion and specification of eDRX cycle longer than 10.24s in RRC Inactive in the Rel-18 eRedCap WID.
 
2.3 Support of NCD-SSB in IDLE state
In Rel-17, RedCap UEs can be configured with NCD-SSB in RedCap-specific BWPs when RedCap UE is in RRC Connected.  We believe it is also beneficial for RedCap UEs to be able to use NCD-SSB in RedCap-specific initial BWPs in RRC Idle/Inactive as well. 
In fact, in RAN1#107-e meeting, RAN1 made the working assumption that NCD-SSB can be configured in RedCap-specific initial BWP if it is configured for paging.
	· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation (except for standalone use for RRM measurement) based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.


Observation 3: 	
· RAN1 has already made the working assumption that NCD-SSB can be configured in RedCap-specific initial BWP if it is configured for paging. 
However, in the RANP#94-e meeting, companies agreed to deprioritize NCD-SSB in RRC Idle/Inactive in Rel-17, out of concern that with the limited time left in Rel-17 WI, RAN2 may not have enough time to discuss and specify the necessary enhancements. 
	1. Scheme 1 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB) is adopted for further work in Rel-17. Scheme 2 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with NCD-SSB) is not considered further in Rel-17. 


Observation 4: 	
· Use of NCD-SSB in RRC Idle/Inactive was deprioritized in Rel-17 due to the concern that its study may risk on-time completion of the WI in RAN2.  
Rel-18 eRedCap SI includes the study on narrower max UE bandwidth. If agreed, network would more likely configure an eRedCap-specific initial BWP, not only for RACH but for paging as well. Therefore, the use of NCD-SSB will be more useful in eRedCap UE’s idle mode procedures. 
Observation 5: 	
· If Rel-18 eRedCap introduces narrower max UE bandwidth, use of NCD-SSB in eRedCap specific initial BWP will be more useful in supporting their idle mode procedures.
Since RAN1 already discussed NCS-SSB in RRC Idle/Inactive and made a working assumption, we think it is not necessary to study this feature in the Rel-18 SI phase. Instead, it can be directly included as one of the objectives in the Rel-18 eRedCap WID. 
Proposal 5:
· Include the discussion and specification of NCD-SSB in RRC Idle/Inactive in the Rel-18 eRedCap WID.

2.4 ASN.1-Light
Over the past few releases, the size of ASN.1 has become very large and is still growing. The table below shows the number of IEs in ASN.1 for NR UEs, compared to that for NB-IoT:
	Releases
	Number of IEs

	NR-17
	3580

	NR-16
	2620

	NB-IoT
	377


As a result, eRedCap UEs will need to process a large number of IEs, even though majority of the features are not supported or needed by them. For example, eRedCap will not be expected to support CA, DC, DAPS, CPAC and IAB. In addition, although some other features (e.g. sidelink, V2X, URLLC, etc) are not mandatorily excluded for eRedCap, individual implementations may not support them either. Since processing large number of IEs requires additional UE capabilities (e.g. memory, CPU), it is clearly not desirable for eRedCap UEs, whose design objective is to achieve low complexity and low cost, to use the same ASN.1 as non-RedCap UEs.
Observation 6: 	
· The current ASN.1, which has grown to a very large size, includes many IEs that are not supported or needed by eRedCap UEs. That wastes eRedCap UE’s memory and computing resources.
To address this issue, we think it is beneficial to have an NB-IoT style, compact ASN.1 dedicated for eRedCap in Rel-18. This compact ASN.1 will include only IEs that are relevant for eRedCap UEs. It will exclude IEs for features that are not expected to be supported by eRedCap UE, e.g (Note: the follow is not an exclusive list): 
· scgFailureInformation,
· scgFailureInformationEUTRA,
· iabOtherInformation-r16,
· sidelinkUEInformationNR-r16,
· mcgFailureInformation-r16.
In addition, sub-level IEs which are specific to features not supported by eRedCap UEs can also be removed from common top-level IEs. For example, in RRCReconfiguration, the following sub-fields can be removed:
· mrdc-SecondaryCellGroupConfig, radioBearerConfig2 and secondaryCellGroup, 
· sCellToAddModList, CellGroupConfig, mac-CellGroupConfig, and tag-Config,
· iab-IP-AddressConfigurationList-r16.
There are a lot more of such examples. We expect that removal of such unnecessary IEs can make ASN.1 much more compact, hence helping save memory and reduce processing requirements for eRedCap UEs. 
[bookmark: _Hlk113277022]Proposal 6: 	
· Include the discussion and specification of an NB-IoT style, compact ASN.1 dedicated for eRedCap in Rel-18 eRedCap WID.



3. Conclusions

Based on discussions above, we make the following observations:

Observation 1:  	
· Previously, RAN2 agreed to study eDRX cycles longer than 10.24s for RRC Inactive in Rel-17 RedCap SI. However, it was not adopted because SA2/CT1 was not able to study necessary changes in core network to support the feature.

Observation 2: 	
· SA2 have agreed to support eDRX cycles longer than 10.24s for RRC Inactive in Rel-18. Their solution has been confirmed by RAN2 and RAN3 already. 

Observation 3: 	
· RAN1 has already made the working assumption that NCD-SSB can be configured in RedCap-specific initial BWP if it is configured for paging. 

Observation 4: 	
· Use of NCD-SSB in RRC Idle/Inactive was deprioritized in Rel-17 due to the concern that its study may risk on-time completion of the WI in RAN2.  

Observation 5: 	
· If Rel-18 eRedCap introduces narrower max UE bandwidth, use of NCD-SSB in eRedCap specific initial BWP will be more useful in supporting their idle mode procedures.

Observation 6: 	
· The current ASN.1, which has grown to a very large size, includes many IEs that are not supported or needed by eRedCap UEs. That wastes eRedCap UE’s memory and computing resources.

We then make following proposals:

Proposal 1: 
· At least introduce support of PR1 in Rel-18 and evaluate the possibility of making it early implementable.
· Potentially in support of dual-mode LTE-NR devices (Cat1bis-eRedCap)

Proposal 2:
· Consider skipping both BW3 and PR3 in Rel-18. In case one of them needs to be done, choose BW3 over PR3. 

Proposal 3:
· Do not introduce support of PT1/PT2 in Rel-18. 

Proposal 4: 	
· Include the discussion and specification of eDRX cycle longer than 10.24s in RRC Inactive in the Rel-18 eRedCap WID.

Proposal 5:
· Include the discussion and specification of NCD-SSB in RRC Idle/Inactive in the Rel-18 eRedCap WID.

Proposal 6: 	
· Include the discussion and specification of an NB-IoT style, compact ASN.1 dedicated for eRedCap in Rel-18 eRedCap WID.
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