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1	Introduction
We here provide further discussion on
· Paging in restricted area of a cell: 
· Cell DTX/DRX: We here provide discussion following initial agreements taken by RAN1 and RAN2.

2	Paging in restricted area of a cell
RAN3 has received reply LS from SA2 [1] containing SA2’s assumption relative to handling of paging escalation in case of failed paging in restricted area of cell, as well as 2 questions to RAN3. SA2’s assumption for paging escalation is:
“If the initial paging attempt using the potential new parameter of "List of recommended beams" fails, how paging escalation happen will be controlled by the AMF based on existing procedures.”

RAN3 included the following description for CN-initiated paging in restricted area in LS to RAN2/SA2 sent at last meeting in [2]:

1) The signalling procedure of the paging enhancement for UEs in RRC_IDLE state is given as follows: 
a) The last serving gNB reports a list of recommended beams (e.g., last few served SSBs) of the gNB to the AMF in UE CONTEXT RELEASE COMPLETE message over NGAP
b) The AMF stores the list of recommended beams while UE is in RRC_IDLE state
c) During idle mode paging, the AMF sends the stored recommended beams back to the last serving gNB in the NGAP Paging message. 
2) To assist in NGAP Paging, it is expected that the gNB shall provide the list of recommended beams to the CN only for UEs that are known to be stationary, but it is up to gNB’s implementation to decide to which UEs the paging enhancement technique is applied. 
3) RAN3 assumes that the list of recommended beams will be transparent to AMF. 
The legacy mechanism for optimization of CN-initiated paging includes (TS 23.502):
The AMF and the (R)AN may support further paging optimisations in order to reduce the signalling load and the network resources used to successfully page a UE by one or several of the following means:
-	by the AMF implementing specific paging strategies (e.g. the N2 Paging message is sent to the (R)AN nodes that served the UE last);
-	by the AMF considering Information On Recommended Cells And NG-RAN nodes provided by the (R)AN at transition to CM-IDLE state. The AMF takes the (R)AN nodes related part of this information into account to determine the (R)AN nodes to be paged and provides the information on recommended cells within the N2 Paging message to each of these (R)AN nodes;
-	by the (R)AN considering the Paging Attempt Count Information provided by the AMF at paging.
	If the UE Radio Capability for Paging Information is available in the AMF, the AMF adds the UE Radio Capability for Paging Information in the N2 Paging message to the (R)AN nodes.
	If the Information On Recommended Cells And (R)AN nodes For Paging is available in the AMF, the AMF shall take that information into account to determine the (R)AN nodes for paging and, when paging a (R)AN node, the AMF may transparently convey the information on recommended cells to the (R)AN node.
	The AMF may include in the N2 Paging message(s) the paging attempt count information. The paging attempt count information shall be the same for all (R)AN nodes selected by the AMF for paging.
	If the AMF has Paging Assistance Data for CE capable UE stored in the UE Context in AMF and Enhanced Coverage is not restricted for the UE then the AMF shall include Paging Assistance Data for CE capable UE in the N2 paging message for all NG-RAN nodes selected by the AMF for paging.


Optimization of CN-initiated paging is further described in TS 38.300:
Paging optimization for UEs in CM_IDLE: at UE context release, the NG-RAN node may provide the AMF with a list of recommended cells and NG-RAN nodes as assistance info for subsequent paging. The AMF may also provide Paging Attempt Information consisting of a Paging Attempt Count and the Intended Number of Paging Attempts and may include the Next Paging Area Scope. If Paging Attempt Information is included in the Paging message, each paged NG-RAN node receives the same information during a paging attempt. The Paging Attempt Count shall be increased by one at each new paging attempt. The Next Paging Area Scope, when present, indicates whether the AMF plans to modify the paging area currently selected at next paging attempt. If the UE has changed its state to CM CONNECTED the Paging Attempt Count is reset.

RAN3’s guidance to SA2 in [2] did not take into account whether and how specific handling of the list of recommended beams should be considered by the AMF in case of paging escalation (paging in wider area if the UE doesn’t respond to the paging). We believe that if the AMF always includes the list of recommended beams also in case of paging escalation, the paging message received by the gNB becomes ambiguous.

However, the case of paging escalation in case of initial paging in restricted area of a cell was not so far discussed in RAN3 (neither in study item nor in work item). Resulting stage 2 and stage 3 impacts will be different for RAN-initiated paging and CN-initiated paging (agreements not yet taken by RAN3 for CN-initiated paging). But before looking into these specification details and proceeding with potential agreements for CN-initiated paging, we suggest that RAN3 first agrees on the main principles for such paging escalation, considering that also paging escalation is a potential source of energy consumption. Points to clarify would in our view be e.g.:
· if paging attempt 1 takes place in a limited area of a cell (one or more SSB beams), should next paging attempt always take place in all beams of the same cell? This may result in 2 additional paging attempts compared to legacy paging, with corresponding impact on latency. And if a flexible strategy is desired, which node (gNB or AMF) shall decide the next paging scope?
· whether paging escalation shall always result in paging in full cell(s), and not only in part of cells?

Observation 1: In order to be able to confirm SA2’s assumption on paging escalation, RAN3 needs to discuss and clarify principles for paging scope in case of paging escalation when initial paging happened in restricted area of a cell.

SA2 also has two questions:
Q1: SA2 understands that the beam-based paging is most efficient towards low mobility and static UEs. How is the gNB expected to determine whether the UE is static or not across multiple RRC connections from the same UE considering TS 33.501 contains requirements on 5G-S-TMSI reallocation? 
Our understanding is that the RAN will need assistance from the CN to determine whether the UE is static or not across multiple RRC connections. So far, RAN3 had focus on RAN-initiated paging, where the UE context is kept in the RAN for a long period of time due to RRC inactive state, and the RAN therefore could determine the mobility pattern. The situation is different for CN-initiated paging, and CN assistance to the RAN seems needed in this case.
Observation 2: CN assistance to the RAN seems needed to enable the gNB to determine whether a UE is static or not across multiple RRC connections.
Q2: SA2 would like to ask about the validity condition of the potential “List of recommended beams” container that is stored in the AMF. What is the AMF condition to delete the stored "List of recommended beams"? 

RAN3 so far didn’t discuss any mechanism to delete the stored list of recommended beams. A first question would therefore be whether the list of beams as such is handled separately by the AMF, or included in existing IEs for paging assistance (and hence transparent to the AMF). More discussions relative to stage 3 details are therefore needed in order to reply to Q2 from SA2.

Observation 3: Answer to Q2 from SA2 requires further agreements in RAN3 on stage 3 details.

The reply LS from SA2, although indicating there is no show-stopper from SA2’s perspective for CN-initiated paging, also shows the high complexity of this feature. In this context we would also like to remind about simulation results presented at last RAN3 meeting [3], concluding that insignificant potential energy saving gains can be expected from paging in restricted area of a cell [3].

Observation 4: Insignificant potential energy saving gains can be expected from paging in restricted area of a cell.

Due to the high complexity and insignificant energy saving gains, we propose that CN-initiated paging in restricted area of a cell is not introduced in Rel-18.

Proposal 1: CN-initiated paging in restricted area of a cell is not introduced in Rel-18.


3	Cell DTX/DRX 
3.1	RAN1/RAN2 
The last RAN1 and RAN2 meetings in May resulted in the following main agreements:
RAN1:
RAN1 supports the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback​.
· Send an LS to RAN2 to consider the additional support of a MAC CE based indication. ​
· Subject to UE capability​.
​
Agreement ​
Confirmation of WA from previous meeting with removal of the two sub-bullets.​
Working Assumption​
· Support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration is feasible (e.g., in terms of enabling/disenabling the feature) from RAN1 perspective.​
· This does not imply that L1 activation/deactivation is supported in Rel-18.
· Note: Reliability, overhead, and benefits are FFS.​
​
Final LS to RAN2 is in R1-2306246 including information on new DCI format 2_x​.

Agreement ​
DCI format for group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation (down select just one among alternatives):​
· Alt 1) DCI Format 2_6 (power saving information outside DRX Active Time)​
· FFS: Monitoring within DRX active time​.
· FFS: Field content​.
· Alt 2) Based on new DCI format 2_X​
· Field content format​
· Block number 1, block number 2, …, block number N​
· For each block should at least support the following:​
· DTX configuration activation/deactivation​
· DRX configuration activation/deactivation​
· FFS: other field details, mapping of UE and each blocks​
· DCI size indicated by higher layers​.
· FFS: RNTI​
· FFS: application delay, timers for activation/deactivation​.
· FFS: handling of multiple cells including when UE supports different number of cells​.
· FFS: details on PDCCH monitoring aspects, including but not limited to:​
· Search Space​
· PDCCH monitoring occasion​.
· slots to monitor (during cell DTX/DRX non-active periods, and active periods)​
· BD/CE aspects​
· FFS: UE behavior upon reception of the group common PDCCH (during cell DTX/DRX non-active periods, and active periods), including fallback behavior (if any)​
​
Agreement ​
For the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation:​
· Alt 2) Based on new DCI format 2_X​
· DCI size budget is not increased​
· Number of required BDs is not increased​
· FFS: PDCCH monitoring configuration for the new DCI format is identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats​
· FFS: New RNTI is used


RAN2:
· UE monitors PDCCH for RAR during Cell DTX non-active time. The ra-ResponseWindow could be started as legacy.​
· UE monitors PDCCH for msg4 during Cell DTX non-active time. The ra-ContentionResolutionTimer could be started as legacy.​
· Working assumption:  When the retransmission timer is running (if C-DRX is configured), the UE is expected to monitor PDCCH, like in legacy.  It is up to the network whether it schedules retransmissions out of the Cell DTX active period, i.e., when the DRX retransmission timer is running, the UE should monitor PDCCH regardless of the Cell DTX. ​
· Once gNB recognizes there is an emergency call or public safety related service (e.g. MPS/MCS), the NW should ensure there is no impact to the emergency call (e.g. may deactivate Cell DTX/DRX).  The behavior is captured in stage 2 spec​
· When an DG grant is received, by the gNB during cell DRX/DTX, the UE follows the grant assignment (i.e. like in legacy).  This includes DL HARQ feedback. 

3.2	Cell DTX/DRX information exchange between neighbour nodes
Based on the latest 3GPP agreements described in section 3.1, a periodic cell DTX/DRX pattern like the one currently being discussed in RAN1 and RAN2 will be beneficial to save energy by creating sleep opportunities for the gNB transceiver when the traffic conditions allow. When this feature is activated, the transmission will be mainly within the DTX/DRX active time. Furthermore, some transmissions could also happen in the cell non-active period.  This result in an increase of the inter-cell interference level (down-link in case of cell DTX, uplink in case of cell DRX) beyond the level experienced without activation of the cell DTX/DRX feature. 
We assume that the NG-RAN node may use one or more cell DTX/DRX patterns for each cell, where the pattern to activate at a given time may depend on different conditions (cell load, UE distribution within the cell, mobility conditions, time of the day, traffic type, etc). When using cell DTX/DRX, if the cell DTX or the cell DRX active periods of neighbouring interfering cells are not partially or completely coordinated, inter-cell interference issues may arise, even for low or moderate traffic loads due to concentration of the traffic in the active periods. Inter-cell interference in the downlink could happen because of overlapping DTX active times in interfering cells. Inter-cell interference in the uplink could happen because of overlapping DRX active times in interfering cells. This reduces the cell capacity and/or increases energy consumption due to need for retransmissions and could possibly also result in increased transmission power to overcome neighbour cell interference. 
Observation 1: Neighbouring interfering cells that use Cell DTX/DRX feature could experience an increased inter-cell interference due to concentration of traffic in the active periods and partial/complete intersection of the active times of their Cell DTX/DRX used patterns.
In anticipation of further agreements in RAN1 and RAN2, we here assume information to be exchanged between neighbour nodes will include the cell DTX and/or the cell DRX configuration: periodicity, start slot/offset and the on-duration. In addition, at RAN1#113, it was agreed that a cell DTX/DRX pattern can be activated/deactivated using a new group-common DCI. This means that the pattern(s) can be more dynamically (de)-activated as compared to the RRC-based cell DTX/DRX reconfiguration.
Observation 2: RAN1’s agreement to use L1 signalling for cell DTX/DRX activation and deactivation facilitates the switch between the different cell DTX/DRX patterns.
Based on RAN1’s agreement, it is therefore possible that an NG-RAN node may dynamically perform cell DTX/DRX activation and deactivation, e.g. triggered by rapid changes in the load situation and traffic distribution. We believe this dynamic mechanism enabled at L1 needs to be taken into account in the design of the network signalling solution. 
If a gNB sends the DTX/DRX type of operation to its neighbours every time it is updated, this would possibly incur a very high amount of communication overhead. On the other hand, also not sending this information is not optimal from operational point of view. If a gNB provides a pattern with certainty to its neighbours, then it means that it would need to update it every time the pattern changes. When it comes to different options to evaluate in this work, it therefore seems clear that a requirement to inform neighbour nodes in near real-time would incur heavy network signalling load, even if based on class 2 message exchange, which as such will consume processing capacity and energy. 
We therefore believe that RAN3 should further work on a signalling solution that can avoid heavy network signalling load while still helping to avoid the inter-cell interference issue (UL, DL) described above.
Proposal 1: RAN3 to work on solution taking into account dynamic cell DTX/DRX activation and deactivation enabled at L1, while avoiding heavy network signalling load.
We believe that as part of this work, it should be evaluated whether the precise real-time cell DTX/DRX information needs to be communicated, or whether e.g. it would be sufficient to provide e.g. more statistical information. We expect that, in any case, neighbour cells in practice can’t fully avoid inter-cell interference by applying completely orthogonal cell DTX/DRX patterns. In that case, exchange of statistical information about resource usage at e.g. subframe or slot level could be sufficient. Such information would presumably have longer validity and hence reduce the amount of network signalling.  
Proposal 2: To reduce the signalling load for cell DTX/DRX, RAN3 to discuss options for RAN3 to support the exchange of statistical information about the use of Cell DTX/DRX pattern between neighbours.
A conflict case between two or more interfering adjacent cells can happen if the transmissions of those adjacent interfering cells are aligned. For example, if the active times of the cell DTX/DRX configurations of neighbour nodes overlap. In this case, inter-cell interference increases, and this may lead to a degradation in the service. 
Observation 3: A conflict can happen if the transmissions of two or more interfering adjacent cells overlap (for example, in case that the cell DTX or cell DRX active times are aligned), which increases inter-cell interference and degrades the service.
A coordination procedure between neighbour nodes in case of cell DTX or cell DRX configuration conflict occur therefore seems beneficial.
Proposal 3: RAN3 to work further on signalling solution for mitigation of conflicting cell DTX/DRX patterns.

4	Conclusion
We have made the following observations and proposals:
Paging in restricted area of cell:
Observation 1.1: In order to be able to confirm SA2’s assumption on paging escalation, RAN3 needs to discuss and clarify principles for paging scope in case of paging escalation when initial paging happened in restricted area of a cell.

Observation 1.2: CN assistance to the RAN seems needed to enable the gNB to determine whether a UE is static or not across multiple RRC connections.
Observation 1.3: Answer to Q2 from SA2 requires further agreements in RAN3 on stage 3 details.

Observation 1.4: Insignificant potential energy saving gains can be expected from paging in restricted area of a cell.

Proposal 1.1: CN-initiated paging in restricted area of a cell is not introduced in Rel-18.

Cell DTX/DRX:
Observation 2.1: Neighbouring interfering cells that use Cell DTX/DRX feature could experience an increased inter-cell interference due to concentration of traffic in the active periods and partial/complete intersection of the active times of their Cell DTX/DRX used patterns.
Observation 2.2: RAN1’s agreement to use L1 signalling for cell DTX/DRX activation and deactivation facilitates the switch between the different cell DTX/DRX patterns.
Observation 2.3: A conflict can happen if the transmissions of two or more interfering adjacent cells overlap (for example, in case that the cell DTX or cell DRX active times are aligned), which increases inter-cell interference and degrades the service.
Proposal 2.1: RAN3 to work on solution taking into account dynamic cell DTX/DRX activation and deactivation enabled at L1, while avoiding heavy network signalling load.
Proposal 2.2: To reduce the signalling load for cell DTX/DRX, RAN3 to discuss options for RAN3 to support the exchange of statistical information about the use of Cell DTX/DRX pattern between neighbours.
Proposal 2.3: RAN3 to work further on signalling solution for mitigation of conflicting cell DTX/DRX patterns.
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This message is sent by a NG-RAN node to a neighbouring NG-RAN node to transfer updated information for an Xn-C interface instance.
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

	TAI Support List
	O
	
	9.2.3.20
	List of supported TAs and associated characteristics.
	GLOBAL
	reject

	CHOICE Initiating NodeType
	M
	
	
	
	YES
	ignore

	>gNB
	
	
	
	
	
	

	>>Served Cells To Update NR
	O
	
	9.2.2.15
	
	YES
	ignore

	>>Cell Assistance Information NR
	O
	
	9.2.2.17
	
	YES
	ignore

	>>Cell Assistance Information E-UTRA
	O
	
	9.2.2.43
	
	YES
	ignore

	>>Served Cell Specific Info Request
	O
	
	9.2.2.102
	
	YES
	ignore

	>ng-eNB
	
	
	
	
	
	

	>>Served Cells to Update E-UTRA
	[bookmark: OLE_LINK357]O
	
	9.2.2.16
	
	YES
	ignore

	>>Cell Assistance Information NR
	O
	
	9.2.2.17
	
	YES
	ignore

	>>Cell Assistance Information E-UTRA
	O
	
	9.2.2.43
	
	YES
	ignore

	TNLA To Add List 
	
	0..1
	
	
	YES
	ignore

	>TNLA To Add Item
	
	1..<maxnoofTNLAssociations>
	
	
	–
	

	>>TNLA Transport Layer Information
	M
	
	CP Transport Layer Information
9.2.3.31
	CP Transport Layer Information of NG-RAN node1
	–
	

	>> TNL Association Usage
	M
	
	9.2.3.84
	
	–
	

	TNLA To Update List 
	
	0..1
	
	
	YES
	ignore

	>TNLA To Update Item
	
	1..<maxnoofTNLAssociations>
	
	
	–
	

	>>TNLA Transport Layer Information
	M
	
	CP Transport Layer Information
9.2.3.31
	CP Transport Layer Information of NG-RAN node1
	–
	

	>> TNL Association Usage
	O
	
	9.2.3.84
	
	–
	

	TNLA To Remove List 
	
	0..1
	
	
	YES
	ignore

	>TNLA To Remove Item
	
	1..<maxnoofTNLAssociations>
	
	
	–
	

	>>TNLA Transport Layer Information
	M
	
	CP Transport Layer Information
9.2.3.31
	CP Transport Layer Information of NG-RAN node1
	–
	

	Global NG-RAN Node ID
	O
	
	9.2.2.3
	
	YES
	reject

	AMF Region Information To Add
	O
	
	AMF Region Information 9.2.3.83
	List of all added AMF Regions to which the NG-RAN node belongs.
	YES
	reject

	AMF Region Information To Delete
	O
	
	AMF Region Information 9.2.3.83
	List of all deleted AMF Regions to which the NG-RAN node belongs.
	YES
	reject

	Interface Instance Indication
	O
	
	9.2.2.39
	
	YES
	reject

	TNL Configuration Info
	O
	
	9.2.3.96
	
	YES
	ignore

	Coverage Modification List
	
	0 .. 1
	
	List of cells with modified coverage.
	GLOBAL
	reject

	>Coverage Modification Item
	
	0 .. <maxnoofCellsinNG-RAN node>
	
	
	–
	

	>>Global NG-RAN Cell Identity
	M
	
	Global NG-RAN Cell Identity
9.2.2.27
	NG-RAN Cell Global Identifier of the cell to be modified.
	–
	

	>>Cell Coverage State
	M
	
	INTEGER (0..63, …)
	Value '0' indicates that the cell is inactive. Other values Indicates that the cell is active and also indicates the coverage configuration of the concerned cell.
	–
	

	>>Cell Deployment Status Indicator
	O
	
	ENUMERATED(pre-change-notification, ...)
	Indicates the Cell Coverage State is planned to be used at the next reconfiguration.
	–
	

	>>Cell Replacing Info
	C-ifCellDeploymentStatusIndicatorPresent
	
	
	
	–
	

	>>>Replacing Cells
	
	0 .. <maxnoofCellsinNG-RAN node>
	
	
	–
	

	>>>>Global NG-RAN Cell Identity
	
	
	Global NG-RAN Cell Identity
9.2.2.27
	NG-RAN Cell Global Identifier of a cell that may replace all or part of the coverage of the cell to be modified.
	–
	

	>>SSB Coverage Modification List
	
	0.. 1
	
	List of SSB beams with modified coverage.
	–
	

	>>>SSB Coverage Modification Item
	
	0..<maxnoofSSBAreas>
	
	
	–
	

	>>>>SSB Index
	M
	
	INTEGER (0..63)
	Identifier of the SSB beam to be modified.
	–
	

	>>>>SSB Coverage State
	M
	
	INTEGER (0..15, …)
	Value '0' indicates that the SSB beam is inactive. Other values Indicates that the SSB beam is active and also indicates the coverage configuration of the concerned SSB beam.
	–
	

	>>Coverage Modification Cause
	O
	
	ENUMERATED (coverage, cell edge capacity, ..., energy saving)
	Indicates the reason for the coverage modification in NG-RAN node1.
	YES
	ignore

	Local NG-RAN Node Identifier
	O
	
	9.2.2.101
	
	YES
	ignore

	Neighbour NG-RAN Node List
	
	0..<maxnoofNeighbourNG-RAN nodes>
	
	
	YES
	ignore

	>Global NG-RAN Node ID
	M
	
	9.2.2.3
	
	–
	

	>Local NG-RAN Node Identifier
	M
	
	9.2.2.101
	
	–
	

	Local NG-RAN Node Identifier Removal
	O
	
	Local NG-RAN Node Identifier
9.2.2.101
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofTNLAssociations
	Maximum numbers of TNL Associations between the NG RAN nodes. Value is 32.

	maxnoofCellsinNG-RAN node
	Maximum no. cells that can be served by a NG-RAN node. Value is 16384.

	maxnoofSSBAreas
	Maximum no. SSB Areas that can be served by a cell. Value is 64.

	maxnoofNeighbourNG-RAN nodes
	Maximum no. of neighbour NG-RAN nodes. Value is 256.



	Condition
	Explanation

	ifCellDeploymentStatusIndicatorPresent
	This IE shall be present if the Cell Deployment Status Indicator IE is present.
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