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1. Introduction
Support of reduced capability (RedCap) NR devices is introduced to Rel-17. The related study item has been concluded in TR 38.875 and work has been started according to WID in RP-210918 [1]. The following agreements are made in last RAN3 meeting.  
	Encode the Idle eDRX Cycle sent in NGAP Paging message with one of the following 3 solutions (still FFS also dependent on SA2 outcome):
Introduce one new Redcap eDRX Cycle IE for eDRX < 10.24s and one new Redcap eDRX Cycle IE for eDRX > 10.24s
Extend the existing Paging eDRX Cycle IE in TS 38.413 section 9.3.1.154.
Introduce only one new Redcap eDRX Cycle IE (for both > 10.24s and < 10.24s).



In this contribution, we will discuss the potential RAN3 impacts considering the agreements made in RAN2 so far (part is provided in the Annex).
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
2.1. eDRX cycle 
As discussed in [2], the lower bound of eDRX cycle is 2.56s, while the maximum of eDRX cycle for RRC_IDLE is 10485.76s, and that for RRC_INACTIVE is 10.24s in Release 17. It is proposed in [2] to extend the existing Paging eDRX Cycle IE to encode the IDLE eDRX Cycle sent in NGAP Paging message.
As for Xn interface, the existing Paging eDRX Cycle IE in TS 38.423 section 9.2.3.142 shall also be extended, which indicates the Paging eDRX cycle for RRC_IDLE.
Proposal 1: Over Xn, extend the existing Paging eDRX Cycle IE to encode the IDLE eDRX Cycle with new values in RAN Paging message. 

In current XnAP protocol, the RAN PAGING message includes Paging DRX Information IE. If the extended DRX for RRC_INACTIVE is introduced, there are two possible options as follows. 
· Option 1: Introduce a new eDRX Information dedicated for RRC_INACTIVE.
For this option, a new IE can be included in the RAN PAGING message to provide Paging eDRX Information for RRC_INACTIVE. Then the last serving NG-RAN node can send the new eDRX Information dedicated for RRC_INACTIVE, and existing eDRX information for RRC_IDLE to the serving NG-RAN node if available. Then the serving NG-RAN node uses it to page the UE. 
· Option 2: Reuse the existing Paging DRX IE
For this option, the existing Paging DRX IE is reused for INACTIVE eDRX, which is up to 10.24 for now. However, if values >10.24 are agreed for INACTIVE eDRX in future, this option may be infeasible. Moreover, as agreed in RAN2#115 e-meeting, an additional new IE for INACTIVE eDRX is introduced to contain all values of INACTIVE eDRX cycles (also include values >10.24, if agreed in future). 
Since option 1 is simple and more future-proof, and keep the eDRX information for RRC-INACTIVE and IDLE separate, it is preferred. 
Proposal 2: Over Xn, introduce a new eDRX information dedicated for RRC INACTIVE in RAN Paging Message. 

In current F1AP, the Paging DRX is sent by the gNB-CU and is used to request the gNB-DU to page UEs. No eDRX information is supported. Hence, the Paging eDRX information for RRC_IDLE is needed. 
For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is no longer than 10.24s, outside CN PTW, T is determined by INACTIVE eDRX cycle, as agreed in RAN2 #115 e-meeting. Hence, the Paging eDRX information for RRC_INACTIVE is also needed. 
Besides, for RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, following options are discussed in RAN2 for paging monitoring:
· Option 1: T is determined by the shortest of RAN paging cycle and default paging cycle. 
· Option 2: T is determined by RAN paging cycle.
Thus, the RAN paging DRX cycle shall be provided when determine the paging monitoring cycle T. However, the current Paging DRX is defined as the minimum of the RAN UE Paging DRX and CN UE Paging DRX. When CN UE Paging DRX (e.g., 0.32s) is smaller than RAN UE Paging DRX (e.g. 0.64s), the gNB-DU would receive a Paging DRX with 0.32s. Without additional RAN UE Paging DRX provided, the gNB-DU would transmit the Paging messages with T= 0.32s. However, the INACITVE UE monitors the PO with a larger T=0.64s outside CN PTW, which implies a waste on the radio resource. Thus, additional RAN UE Paging DRX shall be provided.
Proposal 3: Over F1, introduce the eDRX information for RRC IDLE in Paging Message. 
Proposal 4: Over F1, introduce the eDRX information and RAN UE paging DRX for RRC INACTIVE in Paging Message. 

2.2. [bookmark: OLE_LINK78][bookmark: OLE_LINK46][bookmark: OLE_LINK47]Early identification of RedCap UEs 
The mechanism to identify the Redcap UEs during the initial access procedure was discussed in RAN1 and RAN2 with the following agreements. With identifying the Redcap UEs, the network could configure proper physical layer and high layers resources for Redcap UEs at early stage. 
	RAN2#115-e agreements[5]: 
· 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.
· A Msg3 early identification based on dedicated LCID is supported (if SA3 confirms there is no problem)
RAN1 #106-e agreements[6]：
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
· 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
Whether/how to support early indication of RedCap UEs in Msg3 in Rel-17 is up to RAN2.



In terms of CU-DU split architecture, considering the current progress in RAN1 and RAN2, there are the following possibilities to identify the Redcap UEs during initial access procedure: 
· Solution 1 [RAN 1&2 agreement]: Msg1 is applied to identify Redcap UEs
· Solution 2 [RAN2 agreement]: Msg3 is applied to identify Redcap UEs based on dedicated LCID
However, for Solution 1 and Solution 2, only the DU is informed the identification information of Redcap UEs. In order to assist the CU to generate msg4 for Redcap UEs, the DU shall inform CU about the identification of Redcap UEs. The identification of Redcap UEs could be introduced to the existing INITIAL UL RRC MESSAGE TRANSFER message. 
Proposal 5: [bookmark: _Ref76657693]Over F1, RAN3 consider to introduce the identification information of RedCap UEs to the F1AP: INITIAL UL RRC MESSAGE TRANSFER message for Msg1 and Msg3 early identification. 

Correspondingly, we provide our CR for 38.473 in [3].
2.3. Access control information 
In NR, the network could also control the access of Redcap UEs using UAC mechanism. RAN2 is discussing how to design the UAC mechanism for Redcap UEs, i.e. reusing existing or introducing new parameters, etc. If new Redcap specific UAC access information is introduced, the corresponding information shall be carried to F1AP procedures, i.e. Network Access Rate Reduction procedure. Details would be depend on the progress in RAN2. In order to control the access of Redcap UEs with 1 Rx or 2Rx chains as agreed in RAN2, the CU could also provide cell-barring-like information (e.g. 1 Rx barring or 2Rx barring) to DU regarding the load or operating policies. 
Proposal 6: [bookmark: _Ref76657689]Over F1, cell-barring-like indication is introduced for RedCap UEs. 


4. Conclusion
Based on the discussion in this paper, we propose the following:
Proposal 1: [bookmark: _Toc423020280]Over Xn, extend the existing Paging eDRX Cycle IE to encode the IDLE eDRX Cycle with new values in RAN Paging message. 
Proposal 2: Over Xn, introduce a new eDRX information dedicated for RRC INACTIVE in RAN Paging Message. 
Proposal 3: Over F1, introduce the eDRX information for RRC IDLE in Paging Message. 
Proposal 4: Over F1, introduce the eDRX information and RAN UE paging DRX for RRC INACTIVE in Paging Message. 
Proposal 5: Over F1, RAN3 consider to introduce the identification information of RedCap UEs to the F1AP: INITIAL UL RRC MESSAGE TRANSFER message for Msg1 and Msg3 early identification. 
Proposal 6: Over F1, cell-barring-like indication is introduced for RedCap UEs. 
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6. Text proposal to TS 38.423

	[bookmark: _Toc20955186][bookmark: _Toc29991381][bookmark: _Toc36555781][bookmark: _Toc44497488][bookmark: _Toc45107876][bookmark: _Toc45901496][bookmark: _Toc51850575][bookmark: _Toc56693578][bookmark: _Toc64447121][bookmark: _Toc66286615][bookmark: _Toc74151310]Change Begins for TS 38.423


[bookmark: _Toc20955068][bookmark: _Toc29991255][bookmark: _Toc36555655][bookmark: _Toc44497318][bookmark: _Toc45107706][bookmark: _Toc45901326][bookmark: _Toc51850405][bookmark: _Toc56693408][bookmark: _Toc64446951][bookmark: _Toc66286445][bookmark: _Toc74151140]8.2.5	RAN Paging
[bookmark: _Toc20955069][bookmark: _Toc29991256][bookmark: _Toc36555656][bookmark: _Toc44497319][bookmark: _Toc45107707][bookmark: _Toc45901327][bookmark: _Toc51850406][bookmark: _Toc56693409][bookmark: _Toc64446952][bookmark: _Toc66286446][bookmark: _Toc74151141]8.2.5.1	General
The purpose of the RAN Paging procedure is to enable the NG-RAN node1 to request paging of a UE in the NG-RAN node2.
The procedure uses non UE-associated signalling.
[bookmark: _Toc20955070][bookmark: _Toc29991257][bookmark: _Toc36555657][bookmark: _Toc44497320][bookmark: _Toc45107708][bookmark: _Toc45901328][bookmark: _Toc51850407][bookmark: _Toc56693410][bookmark: _Toc64446953][bookmark: _Toc66286447][bookmark: _Toc74151142]8.2.5.2	Successful operation


Figure 8.2.5.2-1: RAN Paging: successful operation
The RAN Paging procedure is triggered by the NG-RAN node1 by sending the RAN PAGING message to the NG-RAN node2, in which the necessary information e.g. UE RAN Paging Identity should be provided.
If the Paging Priority IE is included in the RAN PAGING message, the NG-RAN node2 may use it to prioritize paging.
If the Assistance Data for RAN Paging IE is included in the RAN PAGING message, the NG-RAN node2 may use it according to TS 38.300 [9].
If the UE Radio Capability for Paging IE is included in the RAN PAGING message, the NG-RAN node2 may use it to apply specific paging schemes.
If the Extended UE Identity Index Value IE is included in the RAN PAGING message, the NG-RAN node2 may use it according to TS 36.304 [34]. When available, NG-RAN node1 may include the Extended UE Identity Index Value IE in the RAN PAGING message towards an ng-eNB (e.g. NG-RAN node2). 
When available, the NG-RAN node1 shall include the Paging eDRX Information IE in the RAN PAGING message towards the NG-RAN node2. If the Paging eDRX Information IE is included in the RAN PAGING message, the NG-RAN node2 shall, if supported, use it according to TS 36.304 [34].
When available, the NG-RAN node1 shall include the UE Specific DRX IE in the RAN PAGING message towards the NG-RAN node2. If the UE specific DRX IE is included in the RAN PAGING message, the NG-RAN node2 shall, if supported, use it according to TS 36.304 [34].
If the Paging eDRX Information for RRC INACTIVE IE is included in the PAGING message, the NG-RAN node2 shall, if supported, use it according to TS 38.304 [34].

<Unchanged Text Omitted>

9.1.1.7	RAN PAGING
This message is sent by the NG-RAN node1 to NG-RAN node2 to page a UE.
Direction: NG-RAN node1  NG-RAN node2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	CHOICE UE Identity Index Value
	M
	
	
	
	YES
	reject

	>Length-10
	
	
	
	
	
	

	>>Index Length-10
	M
	
	BIT STRING (SIZE(10))
	Coded as specified in TS 38.304 [33] and TS 36.304 [34].
	–
	

	UE RAN Paging Identity
	M
	
	9.2.3.43
	
	YES
	ignore

	Paging DRX
	M
	
	9.2.3.66
	Includes the RAN paging cycle as defined in TS 36.304 [34] and 38.304 [33].
	YES
	ignore

	RAN Paging Area
	M
	
	9.2.3.38
	
	YES
	reject

	Paging Priority
	O
	
	9.2.3.44
	
	YES
	ignore

	Assistance Data for RAN Paging
	O
	
	9.2.3.41
	
	YES
	ignore

	UE Radio Capability for Paging
	O
	
	9.2.3.91
	
	YES
	ignore

	Extended UE Identity Index Value
	O
	
	9.2.3.141
	Coded as specified in TS 36.304 [34].

	YES
	ignore

	Paging eDRX Information
	O
	
	9.2.3.142
	
	YES
	ignore

	UE specific DRX
	O
	
	9.2.3.143
	Includes the UE specific paging cycle as defined in TS 36.304 [34] and 38.304 [33].
	YES
	Ignore

	Paging eDRX Information for RRC INACTIVE
	O
	
	9.2.3.aaa
	
	YES
	ignore



[bookmark: _Toc81322233]9.2.3.142	Paging eDRX Information
This IE indicates the Paging eDRX parameters for RRC_IDLE as defined in TS 36.304 [33], if configured by higher layers.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Paging eDRX Cycle
	M
	
	ENUMERATED (hfhalf, hf1, hf2, hf4, hf6, hf8, hf10, hf12, hf14, hf16, hf32, hf64, hf128, hf256, …, hf1/4, hf512, hf1024)
	TeDRX defined in TS 36.304 [34]. Unit: [number of hyperframes].
FFS: other specific values of the eDRX cycle. 

	Paging Time Window
	O
	
	ENUMERATED 
(s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s11, s12, s13, s14, s15, s16, …)
	Unit: [1.28 second].



<Unchanged Text Omitted>
[bookmark: _Toc74151625]9.2.3.aaa	Paging eDRX Information for RRC INACTIVE
This IE indicates the Paging eDRX parameters for RRC_INACTIVE as defined in TS 38.304 [33], if configured by higher layers.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Paging eDRX Cycle for RRC INACTIVE
	M
	
	ENUMERATED (hf1/4, hfhalf, hf1, …)
	TeDRX defined in TS 36.304 [34]. Unit: [number of hyperframes].
FFS: other specific values of the eDRX cycle. 




<Maybe ASN.1 can be added>

	Change Ends for TS 38.423



7. Appendix

	Agreements in RAN2-113bis-e:
1. RAN decides and configures eDRX via RRC for RRC_INACTIVE (FFS on the need and details of coordination with the CN)
2. At least for eDRX cycle, the configurations of the eDRX for RRC_IDLE and RRC_INACTIVE can be different (FFS for PTW, e.g. length and starting point, when eDRX cycles are longer than 10.24s)
Agreements - via email (from offline [101]):
1. RAN2 assumes that CN provides necessary assistance information on eDRX config. for RRC_IDLE to RAN (e.g. reusing eDRX config. defined in “CN Assistance Information for RRC INACTIVE IE” for E-UTRA/5GC).
2. eDRX feature, including the related parameters (i.e. PH, PTW. H-SFN) and corresponding paging operation defined for E-UTRA/5GC is used as baseline to enable eDRX >10.24sec for both RRC_IDLE and RRC_INACTIVE in NR/5GC
3. RAN2 confirms that CN paging and RAN paging use the same paging frame offset and first PDCCH monitoring occasion in PO, which are configured by RAN without involvement of CN.
4. RAN2 confirms that SI modification mechanism from LTE is used as a baseline for SI change (other than ETWS and CMAS), i.e. by using an eDRX acquisition period and a flag to indicate SI modification for eDRX in Short Message (e.g. systemInfoModification-eDRX)



Agreements via email in RAN2-114-e:
5. Lower bound for eDRX configuration in RRC_IDLE and RRC_INACTIVE is 2.56 seconds. Inform SA2/CT1 and check if there is any concern.
6. It is up to RAN to configure the length for PTW for RAN paging, the RAN PTW length can be different from the CN PTW length.
7. When RAN and CN paging coincide in the same PH, the PTW starting locations are the same. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.
Agreements online:
1. Continue in the next meeting the discussion on how UE is expected to monitor RAN and CN PTW, e.g. whether UE in RRC_INACTIVE monitors for only RAN PTW or both CN and RAN PTW when they overlap

	Agreements in RAN2-115-e:
1. When IDLE eDRX cycle is longer than 10.24s, PH calculation formula defined in LTE is re-used, i.e. 
PH_CN:  H-SFN mod TeDRX,_CN,H= (UE_ID_H mod TeDRX_CN,H)
-  where TeDRX_CN,H is equal to IDLE eDRX cycle.
2. When IDLE eDRX cycle is longer than 10.24s, CN PTW_end calculation formula defined in LTE is re-used, i.e. 
PTW_end is radio frame satisfying SFN = (PTW_start + L*100 - 1) mod 1024, 
- where L is PTW length configured by upper layers.
3. For RRC_IDLE UE, when eDRX cycle is no longer than 10.24s, T is determined by IDLE eDRX cycle. When eDRX cycle is longer than 10.24s, during the CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, and default paging cycle.
4. For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and Inactive eDRX cycle is not configured, during CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, RAN paging cycle and default paging cycle.
5. For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and Inactive eDRX cycle is no longer than 10.24s, outside CN PTW, T is determined by INACTIVE eDRX cycle.

Agreements via email - from offline 105 second round:
1. RAN2 considers the configuration as an invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured. FFS whether to capture this restriction in RAN2 spec.
2. RAN2 considers the configuration as invalid case, where INACTIVE eDRX cycle is longer than IDLE eDRX cycle. FFS whether to capture this restriction in RAN2 spec.
3. The maximum PTW length is 40.96s when IDLE eDRX cycle is longer than 10.24s.
4. The minimum PTW length is 1.28s and the step length/granularity of PTW length is 1.28 when IDLE eDRX cycle is longer than 10.24s.
5. Introduce an additional new IE for INACTIVE eDRX to contain all values of INACTIVE eDRX cycles (also include values >10.24, if agreed in future).
6. For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is no longer than 10.24s, T is determined by the shortest of IDLE eDRX cycle and INACTIVE eDRX cycle.
7. For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is no longer than 10.24s, during CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, INACTIVE eDRX cycle and default paging cycle.
8. eDRX feature is optional for any UE (including RedCap and non-RedCap UEs).
	
Agreements via email - from offline 105 third round 
1. eDRX is optional for any gNB (either supporting RedCap or not), which means it is up to gNB implementation whether to support eDRX
Working Assumption:
2. When IDLE eDRX cycle is longer than 10.24s, CN PTW_start calculation formula defined in LTE is re-used as the baseline, as below. FFS whether CN PTW_start position could be configurable by network and in case which node decides the N value. Note: this formula would be revisited if INACTIVE eDRX cycle can be above 10.24s
PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
SFN = 1024/N* ieDRX, where
ieDRX = floor(UE_ID_H /TeDRX,H) mod N
FFS N = 4 or 8, FFS if N can take other values


Agreements online:
1. For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, FFS which option below is adopted for paging monitoring:
Option 1: T is determined by the shortest of RAN paging cycle, IDLE eDRX cycle, and default paging cycle.
Option 2: T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.
2. For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, FFS which option below is adopted for paging monitoring:
Option 1: T is determined by the shortest of RAN paging cycle and default paging cycle. Option 2: T is determined by RAN paging cycle.
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