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1. Introduction
In RAN2 meeting #115-e and 116-e, there are some discussions about Redcap UE identification and access restriction, and some agreements are given as follows [1]:
	· Msg1 identification which can be configured to be enabled/disabled can be specified from RAN2 point of view.
· Solution for early identification for 2-step RACH will be specified.
· Specify separate indications in SIB1 for barring RedCap UEs with 1 Rx chain and 2 Rx chains.
· Specify a RedCap specific IFRI in SIB1.
· IFRI for RedCap UEs in SIB1 is common for UEs with 1 Rx or 2 Rx branches. 
· If RedCap-specific IFRI is absent from broadcast SI, the UE considers the cell does not support RedCap.
· A Msg3 early identification based on dedicated LCID is supported (if SA3 confirms there is no problem)
· RedCap UE applies the existing cellBarred field in MIB



	RAN2#116-e agreements:
Identification, access and camping restrictions:
· In MAC perspective, a RedCap UE uses Msg1 early identification whenever transmitting preamble for CBRA, as long as the Msg1 early identification is configured for RedCap by NW.
· For Msg1 early identification, RAN2 confirm both dedicated ROs and dedicated PRACH preamble can be supported from signalling point of view
· For RedCap, Msg1 early identification is enabled/disabled implicitly by the presence of dedicate RACH configuration for Msg1 early identification.
· At least the dedicated LCID (i.e. the Msg3 early identification solution) can be supported for MsgA early identification. It is up to RAN1 on the need of dedicated preamble and/or dedicated PUSCH resource configuration.
· Do not support the RedCap specific UAC parameters.
· In MAC perspective, RedCap UE uses the dedicated LCID for Msg3 early identification, when the Msg3 includes the CCCH data. FFS on whether it requires no other precondition, or precondition as “when Msg1 early identification is not configured”, or precondition as “when Msg3 early identification is enabled by NW”.
· Two reserved LCIDs are used for CCCH and CCCH1 cases respectively for Msg3 early identification
FFSs:
· In case the cell is barred due to not supporting RedCap, UE behaviour for intra-frequency cell reselection is FFS
· FFS whether system information should provide information on which cells accept RedCap UE access, and if, what this information should include (e¸g. support, barring?) and in which form (e.g. NCell, allow-list, exclude-list)


Besides, there are also some discussions on NCD-SSB and get a reply LS to RAN1. 
In this paper, we will further discuss the issues on identification and access restriction, and NCD-SSB related issues for RedCap UEs.
2. Discussion
2.1. Msg3 early identification
[bookmark: OLE_LINK136][bookmark: OLE_LINK137]When RedCap UE access to Network, if it always uses the dedicated LCID for Msg3 early identification, RedCap UE can have unified implementation regardless of whether Msg1 early identification is configured, and it does not introduce extra signaling overhead.
On the other hand, according to WID [5], early identification for RedCap UEs should be configurable by the network.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
It should also be noticed that in the last meeting, we have agreed that Msg1-based early identification for RedCap UE can be enabled/disabled implicitly by the presence of dedicated RACH configuration for Msg1 early identification. Therefore, Msg3-based identification should also be enabled/disabled by network, such that the early identification would be configurable by network. Besides, in some scenarios, the early identification for RedCap UEs is not needed, for example, when the carrier bandwidth or the bandwidth of initial BWP for legacy UEs is no more than 20MHz. In this case, the network can explicitly indicate the UE not to perform Msg3-based identification and then the two LCID values assigned as the dedicated LCIDs for the CCCHs of RedCap UEs can be used to indicate other information (e.g. for future use). 
Proposal 1: When the Msg3 includes the CCCH data, RAN2 to discuss whether Msg3 early identification requires no other precondition, or the precondition as “when Msg3 early identification is enabled by NW”.
2.2. Cell barring and RedCap supporting
It is agreed that SIB1 indicates cell barring for 1 Rx branch and 2 Rx branches separately for RedCap UEs. For the ASN.1 format in Spec 38.331, we propose to use two mandatory IEs in SIB1 with {barred, notBarred} values for 1RX and 2RX in an optional IE cellBarredRedCap-r17. It not only indicates the support of Network and bar information for RedCap UEs, but also save signaling overhead compared to each IE configured as an optional field.  
cellBarredRedCap-r17        SEQUENCE {
cellBarredRedCap1Rx-r17        ENUMERATED {barred, notBarred},
cellBarredRedCap2Rx-r17        ENUMERATED {barred, notBarred}
}                        OPTIONAL,  -- Need R
Proposal 2: For Cell barring of RedCap, use two mandatory sub-IEs with {barred, notBarred} values included in one optional parent IE cellBarredRedCap-r17.
In case that the RedCap specific IFRI/cellBarred is absent, the UE considers that the cell does not support RedCap and cannot camp on this cell. It is, however, not clear how the UE performs intra-frequency reselection in this case since there is no RedCap specific IFRI to follow.
One possible way is to let the UE apply the IFRI in MIB which is mandatory present. However, considering that the cell is incapable of RedCap function, we think a more reasonable solution is to directly allow the UE to consider other cells on the same frequency instead of applying the legacy IFRI which is not intended for RedCap. By allowing the intra-frequency reselection, RedCap UEs can have more opportunities to find a suitable cell for camping, since one cell not supporting RedCap does not have to mean other intra-frequency cell has the same situation.
Proposal 3a: In case the cell is barred due to not supporting RedCap, intra-frequency cell reselection is considered by RedCap UE as “allowed”.
For non-RedCap UE, if the cell is to be treated as "barred" due to being unable to acquire the MIB, the UE is allowed to select another cell on the same frequency if the selection criteria are fulfilled. As regards RedCap UE, the same manner can be reused, i.e. if the cell is to be treated as "barred" due to being unable to acquire the MIB, intra-frequency cell reselection is considered by RedCap UE as “allowed”. This is because there should be no RedCap specific behaviors before obtaining SIB1.
Proposal 3b: As in legacy, in case the cell is barred due to being unable to acquire the MIB, intra-frequency cell reselection is considered by RedCap UE as “allowed”.
If the cell is to be treated as "barred" due to being unable to acquire the SIB1, the legacy UE will follow the intraFreqReselection in MIB message in licensed spectrum. While for RedCap UEs, if the UE is not able to acquire the SIB1, then the UE cannot acquire the RedCap specific intraFreqReselection either. So the RedCap UE cannot reuse the legacy UE behavior. This case is similar as the cell is to be treated as "barred" due to being unable to acquire MIB. So if the cell is barred due to being unable to acquire the SIB1, intra-frequency cell reselection is considered by RedCap UE as “allowed”. Thus RedCap UEs can have more opportunities to find a suitable cell for camping.
Proposal 3c: In case the cell is barred due to being unable to acquire the SIB1, intra-frequency cell reselection is considered by RedCap UE as “allowed”.
In current specification, the access of UEs can be barred for 300s by network due to, e.g., the heavy payload. UEs will not attempt to camp on or access to the cell in the 300s to save the power consumption. Considering the dynamic load balance and the reduced capabilities of RedCap UEs, the network can configure the duration for barring access of RedCap UEs based on the different scenarios, instead of fixed 300s, by considering RedCap as a separate type of UE. For example, when the network payload is extremely heavy and will not alleviate in a short time, the network can indicate the RedCap UEs not to attempt to access the cell for a longer period time (e.g. 10mins), which avoids deterioration of the network load situation and further reduces the power consumption of RedCap UEs. Furthermore, the duration of barring access can be configured specifically to RedCap UEs with 1Rx branch considering the access of these RedCap UE may need more resources than legacy UEs or RedCap UEs with 2 Rx branches, which will also be beneficial for control flexibility of the network.
Proposal 4: RAN2 to discuss the enhancement to configure the time in SIB1 that RedCap UE shall exclude the barred cell as a candidate for cell selection/reselection (rather than fixed as 300s).
2.3. [bookmark: OLE_LINK139][bookmark: OLE_LINK140]Cell selection
As discussed in SI [2], for FR1, under the consideration of potential reduced antenna efficiency due to device size limitations, the MIL(s) of PUSCH and/or Msg3 are worse than that of the bottleneck channel for the reference NR UE. Thus, considering the bad coverage of UL, it is better to introduce the specific cell (re)selection parameters for RedCap UEs to allow them to select a suitable cell and work normally.
Proposal 5: Support the RedCap specific cell (re)selection parameters.
RedCap UEs may select a cell which doesn’t support them to access during the Idle/Inactive RRM measurements based mobility procedure. Then the RedCap UE will check the SIB1 and redo the cell reselection procedure. Such a process will lead to a long cell selection/reselection procedure and an increased power consumption. Therefore, it is necessary to provide the neighbor cell or other frequency information indication on whether support RedCap UEs in the system information. So the RedCap UEs can select or reselect a suitable cell as soon as possible.
Proposal 6: System information should provide information on which cells/frequencies accept RedCap UE access (e.g. by considering whether supporting RedCap).
2.4. Initial BWP configuration
Since it is already agreed that network can configure a separate initial DL/UL BWP for RedCap UEs in SIB, there will be some dedicated configurations for RedCap UEs. While not all the configurations are different from the legacy one’s, e.g. some parameters in RACH-ConfigCommon. So it is better to configure the RedCap-specific initial BWP with the delta parameters compared to the legacy one. It is benefit to the signalling overhead, i.e. save the SIB1 size. 
Proposal 7: To save SIB1 size, the RedCap-specific initial BWP configurations (introduced by RAN1) should be only configured with the delta parameters compared to the legacy one.( i.e. use the same value as legacy if absent).
2.5. UERadioPagingInformation
In NR, there exists UERadioPagingInformation inter-node message, which includes UE’s capability like supported NR frequency bands. If received, the NG-RAN node may use it to apply specific paging schemes, e.g., performs paging only on UE supported NR frequency bands. UE’s Rx capability can also be utilized for specific paging scheme. It is agreed that SIB1 indicates cell barring for 1 Rx branch and 2 Rx branches separately for RedCap UEs. With cellBarredRedCap1Rx (or cellBarredRedCap2Rx) indicated in SIB1, RedCap UEs with 1 Rx branch (or 2 Rx branches) are not allowed to camp in the cell. Correspondingly, the gNB may not perform paging in the cell if paging messages for UEs with above Rx capability are received. Thus, as assistance information for specific paging scheme, the Rx branches of UE should be included in above UERadioPagingInformation message.
Observation 1: Based on the RX branches capability, gNB can only send paging message to the specific UEs (e.g. if the paging message is for 1RX UE but the cell bars all 1RX RedCap UEs, gNB can choose not to send paging message.).
Proposal 8: The Rx branches capability should be included in the UERadioPagingInformation inter-node message.
2.6. NCD-SSB related issue
RRC CONNECTED state: general
RAN1#107b-e Agreement:
Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
	Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB
As NCD-SSB is mainly introduced for RedCap UEs to perform procedures like RACH and RRM/RLM measurements, and so on. It is not required to be used totally instead of CD-SSB which is responsible for more procedures such as initial cell selection. Thus configuration of periodicity should not be less than that of CD-SSB, which can save much power consumption and relieve the overload of network. Here, we want to confirm the RAN1 agreement: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB.
Proposal 9: RAN2 confirm that periodicity of NCD-SSB shall be not less than periodicity of CD-SSB.
As stated in the replied LS, in the current RRC specification, PCIs indicated by other SSB and CD-SSB may be either the same or different if both other SSB and CD-SSB are transmitted on the serving cell. To make a simple and low signaling overhead design, we propose that PCIs indicated by the NCD-SSB and CD-SSB should be configured as same if both of them transmitted in the serving cell. 
Proposal 10: RAN2 confirm the PCIs indicated by NCD-SSB and CD-SSB should be configured as same.
Considering procedures like RRM measurements and RO selection can also be supported based on NCD-SSB, it is better to assume that TX powers/ssb-PositionsInBurst of NCD-SSB and CD-SSB are same. Otherwise there will be a large amount of work to do and increase the complexity of RedCap UEs. 
Proposal 11: RAN2 assume the ssb-PositionsInBurst of NCD-SSB and CD-SSB are same.
From RAN2 signaling point of view, it is feasible and simple way that using a NCD-SSB QCL’ed with the CD-SSB.  Then the SSB block index indicated by ssb-PositionsInBurst or inServingCellConfigCommon can be reused by NCD-SSB. In addition, the TCI states can keep unchanged during the BWP switches.
Proposal 12: RAN2 confirm it is feasible to use an NCD-SSB as QCL source and spatial relation.
If the above proposals are agreed, it is natural to implement the RLM/BFD/RO selection based on NCD-SSB. So far, we didn’t see any spec impact to support RLM/BFD/RO selection based on NCD-SSB.
Proposal 13: RLM/BFD/RO selection based on NCD-SSB can be supported, with no spec impact foreseen.
RRC CONNECTED state: measurement
Currently, RRM measurements on serving cell in RRC_connected is based on CD-SSB and UE may be always configured in a BWP which covers the CD-SSB. While for RedCap UEs, UE may mainly work on a BWP without CD-SSB. Thus NCD-SSB based RRM measurement in serving cell is proposed to support for RedCap UEs. RedCap UEs can directly evaluate the serving cell quality based on NCD-SSB when UE is served by an active BWP with NCD-SSB but without CD-SSB. By that way, RedCap UE doesn’t need to retuning to perform measurement based on CD-SSB under the measurement gap. 
Proposal 14: Support serving cell measurement based on NCD-SSB in connected state.
Legacy UEs also perform RRM measurements of neighbour cell based on CD-SSB in RRC connected. For RedCap UEs, even NCD-SSB can be used to perform RRM measurements of serving cell, it is not appropriate to use it for neighbour cells because there may be not enough neighbour cell configured with NCD-SSB, therefore RedCap UEs will anyway perform measurements based on CD-SSB from other non-serving cells. Besides, UE maybe work across different BWPs, it needs to maintain a complex intra-frequency cells list due to the changed SSB(i.e. CD-SSB and NCD-SSB). Thus, we propose to use legacy method to perform RRM measurements of neighbour cell based on CD-SSB in connected. 
Proposal 15: Do not support neighbor cell measurement based on NCD-SSB in connected state. 
To support serving cell measurement based on NCD-SSB for RedCap UEs, the dedicated configuration on NCD-SSB should be provided to the UEs, so the UEs can perform measurements accordingly. Herein, we propose that network should configure RedCap UEs with the ssbFrequency of each NCD-SSB to support serving cell measurement based on NCD-SSB.
Proposal 16a: For serving cell measurement based on NCD-SSB, UE should be configured with the ssbFrequency of each NCD-SSB.
How to configure the ssbFrequency for each NCD-SSB is another question to be discussed. For Non-RedCap UEs, as we discussed above, they perform measurements only based on the CD-SSB of the serving cell. The CD-SSB is linked to a MeasObjectId via servingCellMO configuration, thus UE can acquire its intra-frequency neighbor cell configuration by the MeasObjectId. While for RedCap UEs, when NCD-SSBs are used for RRM measurements, based on the current measurement configuration framework, there are 2 possible configuration method: 
Option 1: to configure MeasObjectId for each NCD-SSB, i.e. each NCD-SSB can be regarded as a measure object for serving cell measurement.
Option 2: to extend MeasObjectNR to include ssbFrequency for each NCD-SSB, i.e. NCD-SSBs share one MeasObjectId with CD-SSB of the serving cell.
Here we propose RAN2 to discuss which configuration method can be used to support serving cell measurement based on NCD-SSB.
Proposal 16b: For serving cell measurement based on NCD-SSB, RAN2 to discuss whether:
- Option 1: to configure MeasObjectId for each NCD-SSB, or
- Option 2: to extend MeasObjectNR to include ssbFrequency for each NCD-SSB.
Once NCD-SSB based RRM measurements in serving cell is supported, then RedCap UEs can perform measurements on both CD-SSB and NCD-SSB. However, UE is not needed to perform measurements based on all the SSBs, only one measurement result for the serving cell is sufficient. Thus a measurement rule shall be defined, that is, UE’s serving cell measurement object is the ssbFrequency associated with the SSB of its active BWP, the SSB can be CD-SSB or NCD-SSB. So even the UE switches among the BWPs, UE only perform measurement according to the active BWP related SSB. Then UE will not need to retune to CD-SSB to perform measurements when UE is served by a BWP without CD-SSB. It is power-efficient for RedCap UEs implementation. 
Proposal 16c: For serving cell measurement based on NCD-SSB, UE’s serving cell measurement object is the ssbFrequency associated with the NCD-SSB of its active BWP.
RRC IDLE/INACTIVE state
In RAN#94-e, it is agreed that RedCap UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB in Rel-17, and idle/inactive mobility is only based on measurements on the CD-SSB. These procedures in IDLE /INACTIVE are same as legacy ones. Therefore we do not see any spec impact on NCD-SSB for IDLE/INACTIVE state.
Proposal 17: RAN2 confirm not to support paging and measurement based on NCD-SSB in IDLE/INACTIVE.
2.7. Miss paging during initial access
As agreed in RAN1, if the separate initial DL BWP for RedCap UE is configured for random access while not for paging, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB. Thus in order to perform random access, the IDLE/INACTIVE UE may retune from initial BWP to separate initial BWP, which may lead to a miss of PO reception in initial BWP. This matters in PWS case, wherein the Short Messages are transmitted with etwsAndCmasIndication set to 1. Note that even the UE has received the Short Message, it may not complete the SIB6/7/8 acquisition due to prioritizing random access by some UE. Although delivery SIB6/7/8 to each CONNECTED UE can be a potential solution of gNB implementation, the dedicated signaling would consume lots of resource. It is better to identify which UEs have already obtained the SIB6/7/8, after the initial access for PWS case. It is proposed for PWS case, US should indicate whether it has already obtained the SIB6/7/8 in Msg5.
Proposal 18: For PWS notification, UE can indicate to gNB on whether it has obtained the SIB6/7/8 in Msg5.
3. Conclusion
The contribution focuses on UE identification and access restriction for RedCap UEs. Corresponding observations and proposals are listed as below: 
Observation 1: Based on the RX branches capability, gNB can only send paging message to the specific UEs (e.g. if the paging message is for 1RX UE but the cell bars all 1RX RedCap UEs, gNB can choose not to send paging message.).
[bookmark: _GoBack]Proposal 1: When the Msg3 includes the CCCH data, RAN2 to discuss whether Msg3 early identification requires no other precondition, or the precondition as “when Msg3 early identification is enabled by NW”.
Proposal 2: For Cell barring of RedCap, use two mandatory sub-IEs with {barred, notBarred} values included in one optional parent IE cellBarredRedCap-r17.
Proposal 3a: In case the cell is barred due to not supporting RedCap, intra-frequency cell reselection is considered by RedCap UE as “allowed”.
Proposal 3b: As in legacy, in case the cell is barred due to being unable to acquire the MIB, intra-frequency cell reselection is considered by RedCap UE as “allowed”.
Proposal 3c: In case the cell is barred due to being unable to acquire the SIB1, intra-frequency cell reselection is considered by RedCap UE as “allowed”.
Proposal 4: RAN2 to discuss the enhancement to configure the time in SIB1 that RedCap UE shall exclude the barred cell as a candidate for cell selection/reselection (rather than fixed as 300s).
Proposal 5: Support the RedCap specific cell (re)selection parameters.
Proposal 6: System information should provide information on which cells/frequencies accept RedCap UE access (e.g. by considering whether supporting RedCap).
Proposal 7: To save SIB1 size, the RedCap-specific initial BWP configurations (introduced by RAN1) should be only configured with the delta parameters compared to the legacy one.( i.e. use the same value as legacy if absent).
Proposal 8: The Rx branches capability should be included in the UERadioPagingInformation inter-node message.
Proposal 9: RAN2 confirm that periodicity of NCD-SSB shall be not less than periodicity of CD-SSB.
Proposal 10: RAN2 confirm the PCIs indicated by NCD-SSB and CD-SSB should be configured as same.
Proposal 11: RAN2 assume the ssb-PositionsInBurst of NCD-SSB and CD-SSB are same.
Proposal 12: RAN2 confirm it is feasible to use an NCD-SSB as QCL source and spatial relation.
Proposal 13: RLM/BFD/RO selection based on NCD-SSB can be supported, with no spec impact foreseen.
Proposal 14: Support serving cell measurement based on NCD-SSB in connected state.
Proposal 15: Do not support neighbor cell measurement based on NCD-SSB in connected state. 
Proposal 16a: For serving cell measurement based on NCD-SSB, UE should be configured with the ssbFrequency of each NCD-SSB.
Proposal 16b: For serving cell measurement based on NCD-SSB, RAN2 to discuss whether:
- Option 1: to configure MeasObjectId for each NCD-SSB, or
- Option 2: to extend MeasObjectNR to include ssbFrequency for each NCD-SSB.
Proposal 16c: For serving cell measurement based on NCD-SSB, UE’s serving cell measurement object is the ssbFrequency associated with the NCD-SSB of its active BWP.
Proposal 17: RAN2 confirm not to support paging and measurement based on NCD-SSB in IDLE/INACTIVE.
Proposal 18: For PWS notification, UE can indicate to gNB on whether it has obtained the SIB6/7/8 in Msg5.
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