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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In RAN#92e meeting, the WID for RedCap have been revised and approved in [1]. The identification and access restrictions for RedCap UEs have been extensively discussed in past RAN1 and RAN2 meetings. 
Besides, separate initial BWP has been discussed in RAN1. In RAN1#106bis-e meeting, an LS on use of NCD-SSB instead of CD-SSB for RedCap UE has been approved to RAN2 and RAN4 in [2]. In the LS [2], RAN1 provided two options for separate initial DL BWP, and asked lots of questions on the functionality feasibility, performance/coexistence, and specification/implementation impacts for NCD SSB. RAN2 has discussed these issues in the LS and provided a reply LS in [3] in RAN2#116e meeting. In RAN1 #107-e meeting, a further LS [4] from RAN1 was sent to RAN2 and RAN4 to request the feedback on whether the highlighted working assumptions are acceptable from RAN2 and RAN4 perspectives, respectively. In RAN#94e meeting, some conclusions on NCD SSB were also made in [5]
In this contribution, we’d like to share our views on RAN2 impacts on NCD-SSB. Besides, other remaining issues on early identification, SI enhancement for RedCap UEs are also included in this contribution.
2. Discussion
2.1. RAN2 impacts on NCD SSB
The LS [4] from RAN1 is as below:
	Agreement:
· 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 based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· 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

Agreement:
· For FR2,
· 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 based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: For SSB and CORESET#0 multiplexing pattern 1, if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· 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
RAN1 respectfully requests RAN2 and RAN4 to provide feedback on whether the above highlighted working assumptions are acceptable from RAN2 and RAN4 perspectives, respectively.



In RAN#94, the modeling on NCD-SSB has been discussed in [5], and following conclusions are made:
	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
2. RAN2 should work on the assumption that the cell reselection measurements and cell ranking are performed based on measurements on the CD-SSB. This applies for intra- and inter-frequency measurements, and for IDLE and INACTIVE states.


During the discussion in RAN#94, companies confirm that this conclusion doesn’t impact on RRC connected mode. 
2.1.1. RRC_Idle/Inactive mode
Regarding the first working assumption in idle/inactive mode, RAN conclusion in [5] has already covered. considering the timeline for Rel-17, which is close to the end of RedCap WI. Thus, RAN2 needs to follow the conclusion from RAN#94. 
Proposal 1: RAN2 to confirm the conclusion in RAN#94:
· UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB (i.e. not in a separate initial BWP associated with NCD-SSB).
· RAN2 assumes that the cell reselection measurements and cell ranking are performed based on measurements on the CD-SSB (i.e. not NCD-SSB). This applies for intra- and inter-frequency measurements.
In idle/inactive mode, RAN1 [4] agreed that separate initial DL BWP associated with NCD-SSB could be configured for random access, and RedCap UEs performing random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0. In this way, RedCap UEs donot need to retune between initial BWP and separate initial BWP during RACH. 
According to current specification TS 38.321, RACH resource is selected based on the measured SSB, and the initial UL BWP shall include the RO selected by the UE. RAN1 has agreed “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.”. In this way, if UEs perform random access in the separate initial BWP, the measurement on CD-SSB should be used for RACH resource selection.
Proposal 2: If random access is performed in the separate initial BWP, the measurement on CD-SSB should be used for RACH resource selection.

2.1.2. RRC_Connected mode
Regarding the second work assumption in connected mode, 
	A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.


This question is relevant to the Q6 in [2]:
	Question 6 [RAN2/4] if CD-SSB is not transmitted in the non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation


In RAN2#116e meeting, this question was discussed. RAN2 thinks use of CSI-RS for cell and beam RLM and measurements is already supported from RAN2 signaling standpoint. Use of CSI-RS for such measurements is optional UE capability. However, it is worth noting that when only CSI-RS is transmitted for UE in the non-initial BWP, CSI-RS based functionalities (e.g. RRM measurement) cannot work alone, as SSB is still required for the UE to meet the timing requirements. That is to say, an SSB should be anyway associated with this CSI-RS transmitter in the non-initial BWP. When there is no SSB on this non-initial BWP, then, it could be defined to associate with the SSB on initial BWP. 
In this way, many un-expected retuning between initial BWP and non-initial BWP will be introduced for the timing of CSI-RS on non-initial BWP in order to maintain the timing, which will have impact on UE performance (e.g. latency or interruption) and power consumption. Thus, we don’t think a RedCap UE can in addition optionally support relevant operation based on CSI-RS and/or FG 6-1a by reporting optional capabilities, when there is no NCD-SSB. 
Proposal 3: From RAN2 perspective, the working assumption “Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS” is not acceptable considering that CSI-RS can’t work alone without SSB. 
From signal structure point of view, the signal structure including PSS/SSS/MIB/DMRS of the NCD-SSB is identical as that of CD-SSB except for the different meaning carried by physical bits at MIB part. For all measurements depends on the detection of the signal strength, there should be no difference to obtain signal strength for different purpose (e.g. RRM, RLM, BFD, link recovery) and mobility by using either NCD-SSB or CD-SSB from UE perspective. Thus, there is no any problem to use NCD-SSB for serving and non-serving cell measurements for connected mode.
In RRC connected mode, based on current specification, one issue is that serving cell related measurement (e.g. RLM/BFD for connected mode) should use CD-SSB and cannot be performed by using NCD-SSB. It is reasonable and straightforward for Rel-15/16 non-RedCap UEs to use CD-SSB since their initial/non-initial BWP will always contain the CD-SSB and the maximum bandwidth that can be supported by non-RedCap UEs for both RF and baseband is mandated to be 100MHz in FR1. However, it is not the case for Rel-17 RedCap UEs given its maximum supported bandwidth is 20MHz and this barrier could be easily overcomed by defining the relevant measurement on NCD-SSB. That is, RAN2 needs to provide the related signaling design to enable the use of NCD-SSB for RLM/BFD for connected mode. Besides, RAN1 also agreed 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 [4]. Thus, from RAN2 point of view, after UE retunes to the separate initial BWP associated NCD-SSB, NCD-SSB should be used for the measurement for RLM/BFD and RRM in connected mode, while the detailed requirements for NCD-SSB measurement could be discussed and determined in RAN4. 
Proposal 4: From RAN2 perspective, NCD-SSB should be used for the measurement for RLM/BFD and RRM in connected mode if the active BWP doesn’t include CD-SSB. The corresponding requirements for NCD-SSB measurement should be discussed and determined in RAN4. 

2.2. Early identification
Precondition for Msg3 early identification
In RAN2#116e meeting, following agreement was made:
	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”.



In our understanding, Msg1 early identification covers more scenarios than Msg3, therefore, no additional benefits can be expected applying Msg3 early identification when Msg1 early identification is enabled for RedCap UE, i.e. the configuration for Msg1 early identification is included in SIB1. Hence, we think RedCap UE needs to use the dedicated LCID for Msg3 early identification only when Msg1 early identification is not configured. 
Proposal 5: For RedCap UEs supporting Msg3 early identification, apply Msg3 based early identification only when the configuration for Msg1 early identification isn’t included in SIB1.

UE supporting Msg3 early identification
RAN2 has agreed to specify both Msg1 and Msg3 based early identification, however, we thin, there is no need to make all RedCap UE mandatorily support both, which is duplicated from UE point of view, as both features (Msg1 and Msg3 based early identification) have same function of early identification. For example, some RedCap UEs which need transmission enhancement from msg2, it can only support msg1 based early identification. Thus, there is no need for RedCap UEs to mandatorily support both Msg1 and Msg3 based early identification. Considering RAN1 already agreed that Msg1 based early identification is one of the features to define RedCap type:
	Agreement
FG 28-1 is kept as “RedCap UE” as follows.
	28. NR_redcap
	28-1
	RedCap UE
	1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
2. Maximum FR2 RedCap UE bandwidth is 100 MHz.
3. Early indication of RedCap UE in Msg.1 for 4-step RACH
FFS whether to add any other basic features for RedCap UE


 


In this way, we think Msg3 based early identification should not be mandatorily supported for all RedCap UEs.
Proposal 6: Msg3 based early identification is optional supported by RedCap UE.

Msg1 and Msg3 early identification
In cases that the network enables Msg1 early identification, then dedicated RedCap LCID won’t be used for early identification. Considering the new LCID(s) for RedCap UEs has been already introduced and using it bring no extra overheads for RedCap UEs supporting Msg3 based early identification, it’s desirable that making use of the dedicated LCID(s) for RedCap UEs to carry additional information (e.g. other capability). Details could be further discussed in RAN2.
Proposal 7: In case of Msg1 based early identification is enabled, UE can use different CCCH LCIDs (i.e. the dedicated LCID) to indicate additional UE information (e.g. other capability) to network, details are FFS. 
2.3. [bookmark: OLE_LINK4]SI Enhancement for RedCap UEs
On intra-frequency reselection indicator:
In RAN2#116e meeting, we have agreed that for RedCap specific IFRI:
	Agreement:
in case the cell is barred due to not supporting RedCap, UE behaviour for intra-frequency cell reselection is FFS


There are following cases when the cell is barred due to not supporting RedCap UEs:
· Case 1: the intraFreqReselectionRedCap is not present in SIB1
· Case 2: the cellBarred field in MIB is set to barred
· Case 3: UE unable to acquire the MIB
· Case 4: UE unable to acquire the SIB1
Regarding case 1, RedCap specific IFRI is absent in a cell, then the cell won’t support RedCap UE, e.g. gNB has not been upgraded to support RedCap. If the existing IFRI could also be used to indicate whether RedCap UE is allowed to perform intra-frequency re-selection, the operator is required to reconfigure a gNB for RedCap UEs even the gNB doesn’t support RedCap UEs. We prefer to avoid such dependence on parameters, which is easy to cause mistakes in the field. 
[bookmark: _Hlk92818879]Regarding case 2, whether the cell supporting RedCap UEs needs RedCap UEs to read SIB1 of this cell. In this case, even the cell bars Non-RedCap UEs and RedCap UEs, RedCap UE need to continue to read SIB1 of the barred cell to check whether the intraFreqReselectionRedCap is present in SIB1. And follow the IFRI in SIB1.
[bookmark: OLE_LINK1]Regarding case 3 and case 4, these cases are similar to the legacy case that UEs can’t acquire the MIB. Hence, same principle should be followed here, i.e., this cell is to be treated as if the cell status is barred, UE may exclude the barred cell as a candidate for cell selection/reselection for up to 300 seconds, and the IFRI should be treated as “allowed”. 
Proposal 8: UE behaviour for intra-frequency cell reselection when the cell is barred due to not supporting RedCap is:
· If RedCap-specific IFRI is absent in SIB1, RedCap UE doesn’t apply the legacy IFRI in MIB.
· If the cellBarred field in MIB is set to barred, RedCap UE continues to read SIB1 of the barred cell and follows the intraFreqReselectionRedCap indicated in SIB1.
· If RedCap UE is unable to acquire MIB or SIB1, the IFRI should be treated as “allowed” as legacy.

Restrictions on paging to RedCap IE:
It is possible that a cell supporting RedCap may have neighbours not supporting RedCap. If the cells supporting and not supporting RedCap are configured with the same TAC, paging message to RedCap UE will be sent in cells not supporting RedCap, which will cause radio resource waste, unnecessary interference and extra power consumption of non-RedCap (i.e. the non-RedCap UEs in the same PO with RedCap UEs in these cells have to receive the paging message to RedCap). 
To avoid this issue, gNB shouldn’t send paging target to RedCap UE in the cells not allow RedCap camping. Currently, there is no way for gNB to judge whether the paged UE is RedCap UE or not. Hence, we think the RedCap related radio capability (e.g. 1rx RedCap or 2rx RedCap) of the target UE should be delivered along with the Xn/NG paging message. We propose UERadioPagingInformation should be extended to include RedCap related radio capability (e.g. 1rx RedCap or 2rx RedCap) of target UE.  
[bookmark: _Ref78723157]Proposal 9: Paging to RedCap UE should be only sent in cells allowing the target RedCap UE camping. To enable one gNB to determine whether a target UE is RedCap or not, UERadioPagingInformation is extended to include RedCap related radio capability (e.g. 1rx RedCap or 2rx RedCap).

ETWS/CMAS reception to RedCap IE in non-supporting cells:
[bookmark: OLE_LINK6][bookmark: OLE_LINK5]When disaster (such as flood and earthquake) occurs, ground gNBs may fail due to reasons such as loss of power supply. Drone or HAPS can be used to provide emergency communication service in the situation. Usually, gNB carried by drone or HAPS will not support RedCap, hence unicast service is not available to RedCap UEs. But it is still helpful if RedCap UEs are allowed to receive the ETWS/CMAS SIBs in such case, which may indicate important information such as the nearest shelter. Hence, we suggest RAN2 to discuss whether to allow RedCap UEs to perform ETWS/CMAS reception in a cell not supporting RedCap.
[bookmark: _Ref78723160]Proposal 10: RAN2 to discuss whether to allow RedCap UEs to perform ETWS/CMAS reception in a cell barring (or not supporting) RedCap when disaster (such as flood and earthquake) occurs.
Enhancement for cell reselection for RedCap UE:
In RAN2#116e meeting, we have the following agreement:
	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)



RAN2 has discussed this issue in the email discussion in RAN2#115e meeting [6], however, companies didn’t reach a consensus on this issue. The opponents have two concerns on using SI to provide information on which cells accept RedCap UE access, first is the SI change overhead since they think the neighbouring cells may dynamically accept RedCap UE access and the SI update overhead may be huge, the second concern is some companies think network should have same capability (e.g. supporting RedCap) in a large area. 
Regarding the first concern, in our view, whether a cell bar (1 Rx/ 2 Rx/ 1 Rx and 2 Rx) RedCap UE won’t change frequently hence the issue isn’t severe. Regarding the second concern, we think whether operators will configure supporting RedCap UE at a large area is indeterminate, and we should not make such assumption with limitations on the configuration of the operator. 
Furthermore, it is feasible and straightforward to use a black cell list and white cell list to indicate whether neighbouring cell is suitable for RedCap UE to camp. In this way, using system information provides a black cell list then RedCap UE won’t perform cell reselection on these cells, and if system information provides a white cell list, then RedCap UE will only perform cell reselection on these cells, which can avoid unnecessary power consumption.
[bookmark: _Hlk85120673]Proposal 11: Using system information to provide a blacklist/whitelist to indicate whether neighbouring cell is suitable for redcap UEs to camp.  

Obtain the information of neighbouring gNBs by ANR mechanism
And it is RAN3 responsibility to decide the methods on how the source gNB obtains the information of neighbouring gNBs which have direct Xn interface with it. And when the neighbouring gNBs which don’t have Xn interface with the source gNB, the enhanced ANR mechanism can be considered.
Proposal 12: ANR mechanism can be enhanced for the serving cell to acquire RedCap capability of its neighbouring cell when Xn interface between the serving and neighbouring gNBs is not exist.
3. Conclusion
In this contribution, we provided our views on NCD SSB, early identification, SI enhancement for RedCap UEs. The following proposals are achieved: 
Regarding NCD-SSB:
Proposal 1: RAN2 to confirm the conclusion in RAN#94:
· UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB (i.e. not in a separate initial BWP associated with NCD-SSB).
· RAN2 assumes that the cell reselection measurements and cell ranking are performed based on measurements on the CD-SSB (i.e. not NCD-SSB). This applies for intra- and inter-frequency measurements.
Proposal 2: If random access is performed in the separate initial BWP, the measurement on CD-SSB should be used for RACH resource selection.
Proposal 3: From RAN2 perspective, the working assumption “Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS” is not acceptable considering that CSI-RS can’t work alone without SSB. 
Proposal 4: From RAN2 perspective, NCD-SSB should be used for the measurement for RLM/BFD and RRM in connected mode if the active BWP doesn’t include CD-SSB. The corresponding requirements for NCD-SSB measurement should be discussed and determined in RAN4. 

Regarding Early identification:
Proposal 5: For RedCap UEs supporting Msg3 early identification, apply Msg3 based early identification only when the configuration for Msg1 early identification isn’t included in SIB1.
Proposal 6: Msg3 based early identification is optional supported by RedCap UE.
Proposal 7: In case of Msg1 based early identification is enabled, UE can use different CCCH LCIDs (i.e. the dedicated LCID) to indicate additional UE information (e.g. other capability) to network, details are FFS. 

Regarding SI enhancement for RedCap UEs:
Proposal 8: UE behaviour for intra-frequency cell reselection when the cell is barred due to not supporting RedCap is:
· If RedCap-specific IFRI is absent in SIB1, RedCap UE doesn’t apply the legacy IFRI in MIB.
· If the cellBarred field in MIB is set to barred, RedCap UE continues to read SIB1 of the barred cell and follows the intraFreqReselectionRedCap indicated in SIB1.
· If RedCap UE is unable to acquire MIB or SIB1, the IFRI should be treated as “allowed” as legacy.
Proposal 9: Paging to RedCap UE should be only sent in cells allowing the target RedCap UE camping. To enable one gNB to determine whether a target UE is RedCap or not, UERadioPagingInformation is extended to include RedCap related radio capability (e.g. 1rx RedCap or 2rx RedCap).
Proposal 10: RAN2 to discuss whether to allow RedCap UEs to perform ETWS/CMAS reception in a cell barring (or not supporting) RedCap when disaster (such as flood and earthquake) occurs.
Proposal 11: Using system information to provide a blacklist/whitelist to indicate whether neighbouring cell is suitable for redcap UEs to camp.  
Proposal 12: ANR mechanism can be enhanced for the serving cell to acquire RedCap capability of its neighbouring cell when Xn interface between the serving and neighbouring gNBs is not exist.
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