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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
The objectives related to identification and access restrictions for RedCap UEs in the WID are as follows [1]:
	· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early identification in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early identification to be configurable by the network. [RAN2, RAN1]
· [bookmark: _Hlk67648184][bookmark: _Hlk67650013]Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1] 


In this paper, we’d like to share our views on early identification and SI enhancement for RedCap UEs. In addition, an LS about UAC has been received from SA1[2]. Based on the LS, our suggestions on UAC enhancement for Redcap are also provided in this paper.
2. Discussion
2.1. [bookmark: OLE_LINK1]Early Identification for RedCap Devices
Early identification in Msg1
RAN1 has made the following agreements on early identification [3]:
	Agreement
Confirm the following working assumption with the modifications in red:
· For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.
· The early indication in Msg1 can be configured to be enabled/disabled via SIB
· FFS how to support enable/disable the early indication
· FFS details e.g.: From RAN1 perspective, the following methods can be used for early indication both for shared initial UL BWP and separate initial UL BWP (if supported)
· separate PRACH resource
· PRACH preamble partitioning
· FFS: whether/how to address RA-RNTI overlapping issue
· FFS the possibility of supporting Msg3 for the early indication 
Whether/how to support early indication of RedCap UEs in Msg3 in Rel-17 is up to RAN2.


[bookmark: _Hlk84865488]And RAN2 has made the following agreement on early identification in Msg1[3]:
	Agreements:
1. Msg1 identification which can be configured to be enabled/disabled can be specified from RAN2 point of view.


Based on the agreements, it can be observed that for early identification in Msg1, both RAN1 and RAN2 agree it can be configured to be enabled/disabled. And RAN1 has determined the schemes of early identification in Msg1 for RedCap should be specified in Rel-17, i.e. via separate initial UL BWP, separate PRACH resource, PRACH preamble partitioning. Considering no matter which scheme(s) will be used, the corresponding configuration should be included in SIB1, there is no need to introduce explicit indications to enable/disable Msg1 early identification. If SIB1 contains the configuration then Msg1 early identification is enabled. Otherwise, Msg1 early identification is disabled.
[bookmark: _Hlk85800301]Proposal 1: RedCap UE, if support, applies Msg1 based early identification when RedCap specific PRACH resource or preamble are configured via SIB1.
Early identification in Msg3
In MAC running CR for RedCap [4], two FFS issues have been identified:
Editor’s NOTE:	FFS how many LCID(s) would be used for Msg.3 based early identification. (e.g. whether to support resume for RedCap UE)
Editor’s NOTE:	FFS how to support Msg.3 based early identification based on dedicated LCID. E.g. what information should be included in Msg.3 represented by LCID(s). 
And we will analyse the two issues. In current specification, MAC subheader has defined two LCIDs for UL CCCH, one is “0” for 64 bits RRC message and another is “52” for 48 bits RRC message. 
[bookmark: OLE_LINK3]The 48 bits RRC message includes rrcSetupRequest, rrcResumeRequest, rrcReestablishmentRequest and rrcSystemInfoRequest. For RedCap UE, rrcSetupRequest message should be used for early identification based on Msg3 since Network can’t judge whether a UE is RedCap UE or not during RACH in this case. And rrcResumeRequest and rrcReestablishmentRequest should also be considered for RedCap UE, since there are some cases that the serving gNB fails to get the UE CONTEXT, e.g. the UE CONTEXT is not available, in this case the Network can’t know the UE type during RACH. Therefore, RAN2 should introduce new UL-CCCH LCID for 48-bits RRC messages for RedCap UE. Besides, we don’t see the technical necessities for RedCap UE using dedicated LCID for SI request, however, for rrcSystemInfoRequest we suggest it also uses the new dedicated LCID for RedCap UE to keep alignment. 
The 64 bits RRC message includes rrcResumeRequest1. Samely, rrcResumeRequest1 should also be considered for early identification for RedCap UE to promise the Network can identify RedCap UEs in the cases that UE centext not available. Hence, RAN2 should also introduce a new LCID to RedCap UEs for 64-bits RRC messages.
Based on theses, we propose:
[bookmark: _Hlk85800325]Proposal 2: 2 LCIDs are allocated to RedCap for Msg3 based early identification. One for 48 bits RRC message including rrcSetupRequest, rrcResumeRequest, rrcReestablishmentRequest and rrcSystemInfoRequest, the other for 64 bits RRC message including rrcResumeRequest1. 
The cooperation between Msg1 identification and Msg3 identification
Though RAN2 has agreed to specify both Msg1 and Msg3 based early identification, it’s too limited to make all RedCap UE mandatorily support both. For example, some RedCap UEs which need transmission enhancement from msg2, it can only support msg1 based early identification; while other RedCap UEs which need transmission enhancement from msg4, it can only support msg3 based early identification. 
Proposal 3: Msg1 and Msg3 based early identification shouldn’t be both mandatory for RedCap UE.
In last meeting, companies have discussed whether specify Msg3 indication when Msg1 indication is spcified. The main argument of the supporting companies is that Msg1 early identification may be disabled by Network when there is no enough RA resource. Considering Msg1 early identification covers more scenarios and Msg3 can only get limit benefits, there is no additional benefits applying Msg 3 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 propose: 
Proposal 4: For RedCap UE supporting both msg1 and msg3 early identification, only applies Msg3 based early identification when configuration for Msg1 early identification isn’t included in SIB1.
In [4], it proposed that:
Editor’s NOTE:	FFS how/whether to co-exist with Msg.1 and Msg.3 based early identification. 
Regarding this issue and proposal 3, if RedCap UE supports both Msg1 and Msg3 based early identification and Msg1 early identification is enabled, then Msg 3 won’t be used for early identification. Considering the new LCID(s) for RedCap UEs has been introduced and using it bring no extra overheads, it’s desirable that making use of the dedicated LCID(s) for RedCap UE to carry additional information. 
Proposal 5: In case of msg1 based early identification is reported, RedCap UE can use different CCCH LCIDs (i.e. for RedCap and non-RedCap) to indicate NW about additional UE information (e.g. capability), details are FFS. 
Early identification in MsgA
In the last RAN2 meeting, the following agreements have been made on 2-step RACH for RedCap[5]:
	Agreement:
2.	Solution for early identification for 2-step RACH will be specified.


And during RAN1#105-e meeting, it has the agreement on 2-step RACH as following:
	[bookmark: _Hlk82705681]Agreement:
· Support 2-step RACH for RedCap UEs as an optional feature
· FFS details of early indication in MsgA, e.g.:
· Separation of 2-step RACH resources or MsgA preambles
· Separation of initial UL BWP
· Using a new indication in MsgA PUSCH part
· Note: Discussion on 4-step RACH for early indication should be prioritised


Per our understanding, the early identification for 2-step should be similar to 4-step. Hence, we proposed:
Proposal 6: For 2-step RACH, support the early indication of RedCap UEs in MsgA.The following methods can be used for early indication：
· Separation of 2-step RACH resources or MsgA preambles both for shared initial UL BWP and separate initial UL BWP (if supported)
· Using MsgA PUSCH part with Redcap dedicated LCID 
Proposal 7: The early indication based on separate initial UL BWP, separate RACH resources, MsgA preamble in MsgA can be configured to be enabled/disabled via SIB.
2.2. [bookmark: OLE_LINK4]SI Enhancement for RedCap Devices
On intra-frequency reselection indicator:
In last meeting, we have agreed that for RedCap specific IFRI [5]:
	Agreement:
If RedCap-specific IFRI is absent from broadcast SI, the UE considers the cell does not support RedCap.


When 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 indicates whether CapRed UE is allowed to perform intra-frequency re-selection, the operator is required to reconfigure a gNB for RedCap even the gNB doesn’t support RedCap. We prefer to avoid such dependence of parameters, which is easy to cause mistakes in the field.
Proposal 8: If RedCap-specific IFRI is absent from broadcast SI, the legacy IFRI in MIB won’t be applied by RedCap UE.
Restrictions on paging to RedCap IE:
In the LS to RAN3[6], RAN2 indicates 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 these cells have to receive the paging message to RedCap). Therefore,
[bookmark: _Ref78723157]Proposal 9: Paging to RedCap UE should not be sent in cells barring (or not support) RedCap. Detailed can be discussed further and may involve RAN3.
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. But it is still helpful if RedCap UEs are allowed to receive the ETWS/CMAS SIBs, 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: 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 handover and cell reselection for RedCap UE:
From the reply LS [7], RAN3 asked RAN2 to confirm RedCap UEs should not attempt to camp/access in legacy cells or to be handed over to such cells. And RAN3 wants us to explain how access control will work for legacy gNBs. 
[bookmark: _Hlk85622817]Per our understanding, whether neighbouring cell supports RedCap UEs and whether neighbouring cell allows RedCap UE to camp is different. For the issue that whether neighbouring cell supports RedCap UEs we can judge it via whether IFRI is included in the SIB1 according to the conculsion in last meeting:
If RedCap-specific IFRI is absent from broadcast SI, the UE considers the cell does not support RedCap.
And for the issue that whehter neighbouring cell allows RedCap UE camp, we think if the cells not supporting RedCap UE, it will not allow it to camp in normal cases. Besides, for the cells supporting RedCap UE, whether it allows 1Rx RedCap UEs and 2Rx RedCap UEs to camp is determined by cellBarred for 1Rx RedCap UE and 2Rx RedCap UE seperately. RAN2 has discussed whether system information provides information on whether neighbouring cells accept RedCap UE access in the email discussion of last meeting [8]. However, companies didn’t reach consensus on this issue. The opponents have two concerns, first is issue on SI change overhead since the neighbouring cells may dynamically accept RedCap UE access and the SI update overhead may be huge, besides some companies think network should has same capability（e.g. supporting RedCap）in a large area. 
For the last concern, we think whether operators will configure supporting RedCap UE at a large area is indeterminate, and we should not make such resumption with limitation on the configuration of operator. 
As for the first concern, since RAN3 has discussed some options on how to support RedCap UE cell access restriction:
1. OAM setting
1. Rejection by the target with a suitable cause and relying on existing XnAP and F1AP procedures
1. Explicit signalling of RedCap capability of the cell (e.g, only support 1RX, only support 2RX, support both, support none) During Xn setup / configuration update procedures
1. Other options…
Among these options, some require serving gNB obtains the RedCap relevant information of neighbouring gNBs, i.e. 1) and 3) while others don’t require, i.e. 2). From our perspective, the serving gNB should anyway obtain the RedCap relevant information of neighbouring gNBs i.e. we think 1) or 3) is more sensible. 
Based on the above assumption, if the relevant information on neighbouring cells only contains whether this cell support RedCap UE, the first concern won’t exist since this information is a static information. In this case, the serving gNB should provide the information to UEs to avoid unecessary measurement on neighbouring cells not supporting RedCap UE. However, since in this case not considering whether supporting cells allow (1 Rx/ 2 Rx/ 1 Rx and 2 Rx) RedCap UE camp, the power saving gain is limited. 
On the other hand, if the information also includes the dynamic information, i.e. whether the neighbouring cell bar 1rx RedCap UE or 2 rx RedCap UE, the power saving gain is substantial since the all the unnessenary measurements have been avoid in this case. However, the first concern should be considered carefully. 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.
We think the at least the static information should be provided to UE in SI. And it is feasible and straightforward to use black cell list and white cell list to indicate whether neighbouring cell is suitable for RedCap UE to camp.
[bookmark: _Hlk85120673]Proposal 11: For idle mode camping, gNB also need to use blacklist/whitelist to indicate whether neighbouring cell is suitable for redcap UEs to camp. What information on neighbouring cell the serving gNB provides to UE is ffs. 
And it is RAN3 responsibility to decide the methods on how the source gNB obtains the information of a target gNBs which have direct Xn interface with it. As for the target gNBs which don’t have Xn interface, 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.
Besides, for another question from RAN3:
[bookmark: _Hlk85626656]“Can RAN2 confirm whether a legacy gNB can detect via the (RedCap) UE Radio Capabilities (e.g. at Handover preparation) that it cannot configure or serve the RedCap UE”
We think the legacy gNB can’t understand the RedCap UE Radio Capabilities. It may ignore the capabilities and think the UE is a normal UE to accept the handover, which is not expected.
Proposal 13: Legacy gNB can’t detect via the RedCap UE Radio Capabilities (e.g. at Handover preparation).
2.3. UAC Enhancement for RedCap Devices
An LS on UAC enhancement for RedCap was received from SA1[2], it said: 
SA1 has considered the potential extension of UAC in relation to RedCap devices and concluded that no new UAC Access Category or Access Identity is required:
· Current UAC can apply also to RedCap UEs, based on Access Category or Access Identity
· Further UAC extensions to Access Category or Access Identity are not considered necessary or suitable, given that UAC Access Categories and Access Identities are not intended to differentiate UEs based on device radio capabilities.
According to the LS, for the same type of service, no differentiation between normal UE and Redcap UE is applied in UAC. We think the LS reflects the principle that consistent quality should be provided for same service to different user. But one thing should be considered is to provide same quality of service, RedCap UE will require more radio resource than non-RedCap due to RedCap UE’s low capability. Hence, it is natural for the operator the reject more access attempt from RedCap than from non-RedCap, in order to serve more users when congestion occurs. Without RedCap specific AC/AI in UAC, the operator can either bar the RedCap UE via SIB1 or reject an access request from RedCap after UAC is performed, e.g. during RRC connection setup procedure. In our understanding, the former is overkilled, while the latter leads to radio resource waste comparing to block UE via UAC. Hence, RedCap specific AC/AI in UAC bring benefit when radio resource is exhausted. 
[bookmark: _Ref71534805][bookmark: _Ref78831037]Proposal 14: RedCap specific AC/AI is defined to allow the network to serve more users by blocking more RedCap than non-RedCap when radio resource is exhausted.
3. Conclusion
In this contribution, we provide our views on early identification, SI enhancement and UAC enhancement for RedCap UEs. The proposals are following: 
Proposal 1: RedCap UE, if support, applies Msg1 based early identification when RedCap specific PRACH resource or preamble are configured via SIB1.
Proposal 2: 2 LCIDs are allocated to RedCap for Msg3 based early identification. One for 48 bits RRC message including rrcSetupRequest, rrcResumeRequest, rrcReestablishmentRequest and rrcSystemInfoRequest, the other for 64 bits RRC message including rrcResumeRequest1. 
Proposal 3: Msg1 and Msg3 based early identification shouldn’t be both mandatory for RedCap UE.
Proposal 4: For RedCap UE supporting both msg1 and msg3 early identification, only applies Msg3 based early identification when configuration for Msg1 early identification isn’t included in SIB1.
Proposal 5: In case of msg1 based early identification is reported, RedCap UE can use different CCCH LCIDs (i.e. for RedCap and non-RedCap) to indicate NW about additional UE information (e.g. capability), details are FFS. 
Proposal 6: For 2-step RACH, support the early indication of RedCap UEs in MsgA.The following methods can be used for early indication：
· Separation of 2-step RACH resources or MsgA preambles both for shared initial UL BWP and separate initial UL BWP (if supported)
· Using MsgA PUSCH part with Redcap dedicated LCID 
Proposal 7: The early indication based on separate initial UL BWP, separate RACH resources, MsgA preamble in MsgA can be configured to be enabled/disabled via SIB.
Proposal 8: If RedCap-specific IFRI is absent from broadcast SI, the legacy IFRI in MIB won’t be applied by RedCap UE.
Proposal 9: Paging to RedCap UE should not be sent in cells barring (or not support) RedCap. Detailed can be discussed further and may involve RAN3.
Proposal 10: 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: For idle mode camping, gNB also need to use blacklist/whitelist to indicate whether neighbouring cell is suitable for redcap UEs to camp. What information on neighbouring cell the serving gNB provides to UE is ffs. 
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.
Proposal 13: Legacy gNB can’t detect via the (RedCap) UE Radio Capabilities (e.g. at Handover preparation) that it cannot configure or serve the RedCap UE.
Proposal 14: RedCap specific AC/AI is defined to allow the network to serve more users by blocking more RedCap than non-RedCap when radio resource is exhausted.
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