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1. Introduction
In RAN2#123 meetings, the following agreements were reached regarding the access restriction.

RAN2 agreements 

1 Add a new value “enhRedCap-r18” in FeatureCombination-r17. 
2 Additional (on top of RedCap) early indication in MsgA PRACH is not supported. 
3 A eRedCap UE considers the contention resolution not successful and stop the ra-ContentionResolutionTimer, when the UE detects a PDCCH transmission addressed to its TEMPORARY_C-RNTI with a DCI that schedules a Msg4 PDSCH transmission with a larger bandwidth than it can receive or process, i.e. option 1 is adopted. 
4 Network should ensure the target gNB supports/allows eRedcap UE, in the handover of eRedCap UE.
In this contribution, we’d like to share our views on the remaining issues of access restriction for Rel-18 eRedCap.
2. Discussion

2.1 Cell bar

In RAN2#123 meeting, it was agreed that:

	· Working assumption: No need to have separate cell barring for “eRedCap UE capable of 20MHz + PR1” and “eRedCap UE capable of BW3/PR3+ PR1”.


In RAN#99 meeting [1], it was agreed that Rel-18 eRedCap UE capable of 20MHz + PR1 and Rel-18 eRedCap UE capable of BW3/PR3 + PR1 are designed/targeted to same peak data rate, i.e., 10Mbps and have the same initial access procedure. So, there is no motivation to introduce separate cell bar IEs to differentiate them considering the same peak data rate and the same initial access procedure. It is different from the case for 1Rx and 2Rx, the rate of 1Rx and 2Rx are different and 1Rx’s rate is lower, which will influence the throughput of network. Network will tend to bar UE with 1Rx influencing throughput of network, especially when the network capacity is limited. Therefore, separate cell bar IEs for Rel-18 eRedCap with 1Rx and Rel-18 eRedCap with 2Rx are needed. But there is no such motivation for Rel-18 eRedCap UE capable of 20MHz + PR1 and Rel-18 eRedCap UE capable of BW3/PR3 + PR1.

Besides, separate cell bar IEs for Rel-18 eRedCap UEs with BW3+PR1 and Rel-18 eRedCap UEs with PR1 only will lead to the situation that part of Rel-18 eRedCap UEs (e.g., with BW3+PR1) are barred and another part of Rel-18 eRedCap UEs (e.g., with PR1 only) are not barred. In this way, only one kind of Rel-18 eRedCap UE can initiate the initial access procedure, which violates the principle of the same initial access procedure agreed in RAN#99 meeting. Thus, we think there is no need/reason to introduce separate cell bar IEs for Rel-18 eRedCap UEs with BW3+PR1 and Rel-18 eRedCap UEs with PR1 only. 

Proposal 1: Confirm the working assumption that no need to have separate cell barring for “eRedCap UE capable of 20MHz + PR1” and “eRedCap UE capable of BW3/PR3+ PR1”.

2.2 RACH partitioning
In RAN2#123 meeting, the Msg1 early indication for eRedCap was discussed. But there are still some open issues need to be decided. In [Post123][756] email discussion [2], the detailed solution is related to the feature priority of eRedCap. 
In Rel-17, an IE featurePriorities has been introduced to indicate priorities for features, such as RedCap, Slicing, SDT and MSG3-Repetitions for Coverage Enhancements. These priorities are used to determine which FeatureCombinationPreambles the UE shall use when a feature maps to more than one FeatureCombinationPreambles. 

For Rel-18 eRedCap, we need to determine whether to introduce a new feature priority or reuse the legacy feature priority for Rel-17 RedCap. In order to keep the flexibility of configuration and deployment, e.g. Rel-18 eRedCap and Rel-17 RedCap may have different priorities, it is better to introduce a separate feature priority for Rel-18 eRedCap. Besides, it has been agreed in RAN1 to introduce additional separate early indication in Msg.1 for Rel-18 eRedCap to differentiate Rel-18 eRedCap UEs from R17 RedCap UEs. Thus, it is more reasonable to introduce a separate feature priority for Rel-18 eRedCap, e.g. eRedCapPriority-r18. 

Proposal 2: A new feature priority is introduced for Rel-18 eRedCap, e.g. eRedCapPriority-r18.
2.3 eRedCap UEs behaviour without eRedCap RA-partition
In [Post123][756] email discussion, RAN2 discussed the eRedCap UEs behaviour without eRedCap RA-partition. Option A and Option B below are proposed to align the RAN1 agreement “When Msg1 indication for Rel-18 eRedCap UEs is not configured while Msg1 indication for Rel-17 RedCap UEs is configured, Rel-18 eRedCap UEs shall share the PRACH that is configured for Rel-17 RedCap UEs”. In our understanding, both Option A and Option B are aligned with the RAN1 agreement, but the final selected resources set would be different for Option A and Option B after feature prioritization in some cases as mentioned in the summary. 
	· Option A. For each set of configured RA resources, the UE considers the set of configured RA resources is available for R18 eRedCap if it is set to true for either R18 eRedCap or R17 RedCap.
· Option B. For each set of configured RA resources, the UE considers the set of configured RA resources is available for R18 eRedCap if it is set to true for R18 eRedCap. Among all sets of configured RA resources, if there no set of configured RA resources with R18 eRedCap set to true, the UE further considers the set of configured RA resources for which R17 RedCap is set to true.


On one hand, considering the UE complexity, i.e. Option A only needs one round of availability check in subclause 5.1.1c of TS38.321 [3] for all sets of RA resources, while Option B needs two rounds of availability check as in subclause 5.1.1c to check whether there is any set of configured RA resources with R18 eRedCap set to true. Thus, Option A has less UE complexity.
On the other hand, in most cases, e.g. reasonable network configuration that eRedCap has higher priority than RedCap, Option A and Option B will select the same resource set finally. While in some cases, Option A has better performance than Option B, e.g. there are three partitions: Partition 1: eRedCap, Partition 2: RedCap + SDT, Partition 3: SDT. The configured feature priority is: SDT > eRedCap > RedCap. In case RACH is performed by eRedCap with SDT, Option A will lead the result: Partition2 [RedCap + SDT] is selected, while Option B will lead the results: Partition 3 [SDT] will be selected. In this case, eRedCap will impact the SDT RACH for normal UEs, which is not the intended behaviour, considering network already configured two partitions for (e)RedCap.
Thus, according to the above analysis, we prefer Option A. 
Proposal 3: Option A is adopted, i.e. for each set of configured RA resources, the UE considers the set of configured RA resources is available for R18 eRedCap if it is set to true for either R18 eRedCap or R17 RedCap.

Besides, one issue is raised during the email discussion, i.e., “RAN2 discuss and decides whether it should be possible for a UE to select a set of RA resources with ‘RedCap + other feature’ even when there is at least one set of RA resources with ‘eRedCap’.” From our perspective, it should be possible for a UE to select a set of RA resources with ‘RedCap + other feature’ even when there is at least one set of RA resources with ‘eRedCap’, due to the below reason:
No problem will be identified if a UE selects a set of RA resources with ‘RedCap + other feature’ even when there is at least one set of RA resources with ‘eRedCap’. This is applicable for the case that eRedCap UE perform other feature, in this case, the network will guarantee that the scheduled UL resource won’t exceed UE capability due to eRedCap and RedCap may trigger the RA procedure. Details are following:
· Case 1: RedCap’s feature priority<eRedCap feature’s priority<X feature (X feature is a feature other than eRedCap, e.g. SDT)’s priority: if the network configures Rel-18 eRedCap-specific PRACH resources and Random Access resources with ‘X feature’ + RedCap, for a UE selects Random Access resources with ‘X feature’ + RedCap, the network can not determine that this UE is an eRedCap UE or not, as the UE selects Random Access resource with higher priority than eRedCap-specific PRACH resource. As a result, the gNB has to schedule a UL resource not exceeding 5MHz. 

· Case 2: eRedCap feature’s priority>X feature’s feature>RedCap’s feature priority, or eRedCap feature’s priority> RedCap’s feature priority> X feature’s feature: if the network configures Rel-18 eRedCap-specific resources and a UE selects Random Access resources with ‘X feature’ + RedCap, the network will think this UE can’t be an eRedCap UE and schedule a UL resource exceeding 5MHz, as an eRedCap UE should select Rel-18 eRedCap-specific resources due to the higher feature priority of eRedCap than that of the X feature. 

Some companies may argue that it is not aligned with RAN1 agreement. But in our understanding, the following RAN1 agreement is only focused on RedCap and eRedCap, i.e., how the RA resource set with Rel-17 RedCap is considered available for the RA procedure for which Rel-18 eRedCap is applicable. This agreement doesn’t mean that as long as Msg1 indication for Rel-18 eRedCap UEs is configured, an eRedCap UE will always use Rel-18 eRedCap-specific resources no matter how many features apply to this RACH procedure. In other words, if there are several features applicable to this RACH procedure, the eRedCap UE will select the set of Random Access resources from several available sets based on feature prioritization. In this procedure the RA resource set with Rel-17 RedCap could be also considered as an available candidate. 
	RAN1

· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.

· When Msg1 indication for Rel-18 eRedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).

· When Msg1 indication for Rel-18 eRedCap UEs is not configured while Msg1 indication for Rel-17 RedCap UEs is configured, Rel-18 eRedCap UEs shall share the PRACH that is configured for Rel-17 RedCap UEs.

· Note: Rel-18 eRedCap UEs will be differentiated from Rel-17 RedCap UEs based on Msg3 of Rel-18 eRedCap UEs.

· Additional early indication in MsgA PRACH is not supported.


Based on the above analysis, we think it is possible for a UE to select a set of RA resources with ‘RedCap + other feature’ even when there is at least one set of RA resources with ‘eRedCap’.  

Proposal 4: RAN2 assume it is possible for a UE to select a set of RA resources with ‘RedCap + other feature’ even when there is at least one set of RA resources with ‘eRedCap’.
Another issue in the email discussion is: RAN2 discuss and decides whether and how, in selection of RA resource set based on feature prioritization, to consider RedCap also as applicable if eRedCap is applicable to the current RA procedure. This issue is related to the RA resource set selection procedure highlighted below in subclause 5.1.1d of MAC spec. 
	The MAC entity shall:

1>
among the available sets of Random Access resources for this Random Access procedure (as specified in clause 5.1.1c), identify those configured with a feature which has the highest priority assigned in featurePriorities among all the features applicable to this Random Access procedure as specified in TS 38.331.

1>
if a single set of Random Access resources is identified:

2>
select this set of Random Access resources.

1>
else if more than one set of Random Access resources is identified:

2>
repeat the procedure taking as an input the identified sets of Random Access resources and the feature applicable to the current Random Access procedure with the highest priority assigned in featurePriorities among all the features applicable to this Random Access procedure, except the features considered already.

1>
else (i.e. no set of Random Access resources is identified):

2>
repeat the procedure taking as an input the previous identified available sets of Random Access resources and the feature applicable to the current Random Access procedure with the highest priority assigned in featurePriorities among all the features applicable to this Random Access procedure, except the features considered already.


For example, eRedCap UE initiates the Random Access procedure for SDT, and both Rel-18 eRedCap-specific RA resource and Rel-17 RedCap-specific RA resource is configured (or only Rel-17 RedCap-specific RA resource is configured, while Rel-18 eRedCap-specific RA resource is not configured). With Option A above, Rel-17 RedCap-specific resource is also considered as available by eRedCap UE, then, the eRedCap UE can consider “all the features applicable to this Random Access procedure” in subclause 5.1.1d of MAC spec either includes RedCap, eRedCap, SDT, or only includes eRedCap and SDT. That means whether RedCap should be considered as one of the features applicable to this Random Access procedure. 
We are fine with either way, and slightly prefer to include RedCap as one of the features applicable to this Random Access procedure, as eRedCap UE could also consider the RedCap specific RA resource set as available. In this case, the priority of RedCap feature should be reasonable to be considered to impact the selection of the RedCap specific RA resource. If RedCap is not considered as one of the features applicable to this Random Access procedure in above case, it means the RA resource set configured with RedCap is implicitly indicating eRedCap is set to true for this RA resource set. 
Proposal 5: For the case that RedCap resource is available for eRedCap UE according to subclause 5.1.1c of MAC spec, eRedCap UE considers the features applicable to this RACH during resource set selection in subclause 5.1.1d of MAC spec include both RedCap and eRedCap.
2.4 Msg4 PDSCH transmission

In RAN2#123 meeting, RAN2 agreed that an eRedCap UE considers the contention resolution not successful and stop the ra-ContentionResolutionTimer, when the UE detects a PDCCH transmission addressed to its TEMPORARY_C-RNTI with a DCI that schedules a Msg4 PDSCH transmission with a larger bandwidth than it can receive or process. However, the cross-layer interaction with the approach of stopping the timer is still FFS. Two alternatives could be considered:

· Alt.1: Capture the condition and corresponding behaviour in MAC specification. 

e.g. the condition “the PDCCH schedules the PDSCH with a larger bandwidth than it can receive or process” could be captured in MAC. 
· Alt.2: Capture the condition in PHY specification and the corresponding behaviour in MAC specification upon the indication from PHY. 

e.g. the condition “the PDCCH schedules the PDSCH with a larger bandwidth than it can receive or process” could be captured in PHY. 

While the condition ““else if an indicator from lower layer [indicates the scheduled PDSCH is larger than 5MHz/eRedCap UE capability]” could be captured in MAC. As a result, an indication from PHY to MAC is introduced to stop the ongoing ra-ContentionResolutionTimer.
Both alternatives are workable and possible. Alt.1 is simpler and cleaner. But Alt.2 is more reasonable as the condition above is PHY behaviour, which should be captured in PHY specification. But we are open to discuss it in RAN2. 
Proposal 6: The indication from PHY to MAC is needed to stop ra-ContentionResolutionTimer, in case the scheduled Msg4 PDSCH transmission with a larger bandwidth than it can receive or process.
Besides, in MAC running CR [4], another issue is FFS on whether to restrict the case (i.e. when the scheduled Msg4 PDSCH transmission with a larger bandwidth than it can receive or process) just for “eRedCap UE” or generic for “all UEs”. In our understanding, this case can apply to at least RedCap UE. Currently RedCap UE will send Msg3-based early indication, so that the network can differentiate Rel-17 RedCap UE from Rel-18 eRedCap UE or from non-Redcap UE after Msg3 is received. In case the network identifies the Rel-17 RedCap UE, the network should schedule a Msg4 PDSCH transmission with a bandwidth not larger than 20MHz. In other words, if network schedules a Msg4 PDSCH transmission with a bandwidth larger than 20MHz, the Rel-17 RedCap UE can consider the scheduled Msg4 is not for it. 
While regarding normal UEs, i.e. non-(e)RedCap UEs, there is no such case. But considering future proof, it could be also reasonable to apply this case as generic for “all UEs”.
Proposal 7: The case that the scheduled Msg4 PDSCH transmission with a larger bandwidth than it can receive or process, is applicable for “all UE(s)”. Otherwise, it could be applicable at least for RedCap UEs.
2.5 Others – on Paging 
According to the current specification in TS 38.413 [5] and TS 38.423 [6], RedCap specific information (numberOfRxRedCap-r17 and halfDuplexFDD-TypeA-RedCap-r17) is introduced in UERadioPagingInformation message which may be included in UE Radio Capability for Paging IE of Xn or NG PAGING message. If the UE Radio Capability for Paging IE is included in the Xn or NG PAGING message, the NG-RAN node may use it to apply specific paging schemes. For example, the receiving NG-RAN node won’t send the paging message in the cells which don’t allow the RedCap UE to camp. In our understanding, this mechanism can avoid meaningless paging transmission and save resource. Considering eRedCap specific cell bar indications have been introduced, eRedCap specific information can be also introduced in the UERadioPagingInformation message to avoid invalid Uu paging messages target to eRedCap UEs, e.g., numberOfRx-eRedCap-r18, halfDuplexFDD-TypeA-eRedCap-r18. Therefore, we have the following proposal,

Proposal 8: eRedCap specific information is introduced in the UERadioPagingInformation message, e.g. numberOfRx-eRedCap-r18, halfDuplexFDD-TypeA-eRedCap-r18.

In fact, if all cells of a gNB don’t support/allow Rel-18 eRedCap UE,  the Xn RAN paging message towards Rel-18 eRedCap UE is meaningless for the gNB. Because the gNB won’t send the Uu paging towards Rel-18 eRedCap UE in any cell. What’s more, in RAN2#123 meeting, RAN2 agreed that the network should ensure the target gNB supports/allows eRedCap UE in the handover of eRedCap UE, e.g. by extending the RedCap Broadcast Information IE defined in 38.423. So the anchor gNB of RRC_INACTIVE Rel-18 eRedCap UE can clearly know whether neighbor gNBs support/allow Rel-18 eRedCap UE or not by Rel-18 eRedCap specific Broadcast Information IE. In our understanding, to achieve higher efficiency, the anchor gNB can use Rel-18 eRedCap specific Broadcast Information from neighboring gNB to select target gNBs of Xn RAN paging message. That is, anchor gNB sends the Xn paging message involving eRedCap to one gNB only if at least one of the gNB’s cells allows Rel-18 eRedCap UE to camp. So, we propose, 

Proposal 9: eRedCap specific broadcast information may be used by the anchor gNB for Xn RAN paging optimization, e.g. Xn paging message involving eRedCap is not sent to the neighboring gNB if none of the gNB’s cells allows Rel-18 eRedCap UE to camp.

Considering that UE Radio Capability for Paging IE is also related to RAN3. So when RAN2 reaches a consensus on them, LS to RAN3 is needed to trigger the discussion on paging enhancement for Rel-18 eRedCap.

Proposal 10: In case P8 or P9 is agreeable, send an LS to RAN3 to trigger the discussion on paging enhancements for Rel-18 eRedCap.
3. Conclusion

In this contribution, we discuss access restriction for Rel-18 eRedCap. Based on the discussion, we have the following proposals:
Cell bar：
Proposal 1: Confirm the working assumption that no need to have separate cell barring for “eRedCap UE capable of 20MHz + PR1” and “eRedCap UE capable of BW3/PR3+ PR1”.

RACH partitioning：
Proposal 2: A new feature priority is introduced for Rel-18 eRedCap, e.g. eRedCapPriority-r18.
Proposal 3: Option A is adopted, i.e. for each set of configured RA resources, the UE considers the set of configured RA resources is available for R18 eRedCap if it is set to true for either R18 eRedCap or R17 RedCap.

Proposal 4: RAN2 assume it is possible for a UE to select a set of RA resources with ‘RedCap + other feature’ even when there is at least one set of RA resources with ‘eRedCap’.
Proposal 5: For the case that RedCap resource is available for eRedCap UE according to subclause 5.1.1c of MAC spec, eRedCap UE considers the features applicable to this RACH during resource set selection in subclause 5.1.1d of MAC spec include both RedCap and eRedCap.
Msg4 PDSCH transmission：
Proposal 6: The indication from PHY to MAC is needed to stop ra-ContentionResolutionTimer, in case the scheduled Msg4 PDSCH transmission with a larger bandwidth than it can receive or process.
Proposal 7: The case that the scheduled Msg4 PDSCH transmission with a larger bandwidth than it can receive or process, is applicable for “all UE(s)”. Otherwise, it could be applicable at least for RedCap UEs.
Paging：
Proposal 8: eRedCap specific information is introduced in the UERadioPagingInformation message, e.g. numberOfRx-eRedCap-r18, halfDuplexFDD-TypeA-eRedCap-r18.

Proposal 9: eRedCap specific broadcast information may be used by the anchor gNB for Xn RAN paging optimization, e.g. Xn paging message involving eRedCap is not sent to the neighboring gNB if none of the gNB’s cells allows Rel-18 eRedCap UE to camp.

Proposal 10: In case P8 or P9 is agreeable, send an LS to RAN3 to trigger the discussion on paging enhancements for Rel-18 eRedCap.
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