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Introduction

At RAN3#119bis meeting, RAN3 got time units for the first time to now proceed with the work according to the NR Redcap Enhancement WID agreed in RP-223544 [6]:
Power saving/energy efficiency enhancements

· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]

The meeting was quite productive with the following agreements made for NGAP:
· Introduce a new CN-based MT communication handling IE ENUMERATED (Supported,…) in the Core Network Assistance Information for RRC INACTIVE IE in NGAP
· Introduce a new class 1 MT Communication Handling procedure in NGAP for RAN requesting CN to perform data buffering and for notifying of UE RRC state transition. The procedure contains the following messages: MT COMMUNICATION HANDLING REQUEST, MT COMMUNICATION HANDLING RESPONSE, MT COMMUNICATION HANDLING FAILURE.
· The MT COMMUNICATION HANDLING REQUEST message contains:
· AMF UE NGAP ID (M), RAN UE NGAP ID (M)
· FFS on RRC state (M) as defined in 9.3.1.92
· NR Paging eDRX Cycle for RRC INACTIVE (conditionally present if RRC state is set to ‘inactive’) encoded as ENUMERATED (hfquarter, hfhalf, hf1, hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024, …).
· FFS on any other information (pending on RAN2/SA2 progress or SDT)
· Introduce a new DL DATA NOTIFICATION class 2 message for AMF requesting RAN Paging 
And the following agreements made for XnAP and F1AP:

· Extend the NR Paging eDRX Information for RRC INACTIVE IE :

· Add new codepoints in the NR Paging eDRX Cycle Inactive IE: ENUMERATED (hfquarter, hfhalf, hf1, …,hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024) 

· add the NR Paging Time Window IE ENUMERATED (s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s11, s12, s13, s14, s15, s16, s17, s18, s19, s20, s21, s22, s23, s24, s25, s26, s27, s28, s29, s30, s31, s32,…)

This paper addresses the remaining questions based on the earlier agreements listed above. In particular the remaining points remain to be addressed, among some others:  
· 1) The addition of the PPI/ARP/5QI/PDU Session ID in the DL MT DATA NOTIFICATION message based on CT4 LS to be discussed next meeting after SA2 spec update.

· 2) The discussion on support of SDT and long eDRX>10.24 seconds is postponed to next meeting pending any updates from SA2 (e.g. inclusion of MT-SDT Data Size in NG message) and RAN3 progress on the signalling to support the CN Based MT Communication handling in RAN3 specifications.

· 3) PTW info over NGAP?

· 4) FFS how to differentiate in the MT Communication Handling procedure whether the request message is sent to indicate connection resume or to apply MT communication handling. The presence of the NR Paging eDRX Cycle for RRC INACTIVE IE is FFS.

· 5) ASN.1 in F1AP and XnAP: FFS if the NRPaging-time-Window defined in ASN.1 can be re-used instead of a new d NRPaging-Time-Window-Inactive.

The paper concentrates on the NG aspects and proposes corresponding TPs.
Addition of PPI/ARP/5QI in DL Data Notification
There are two possible options: 

· Option 1: similar to CM-idle state, when AMF receives the PPI/ARP/5QI it can translate into a Paging Priority. Then only a new Paging Priority IE is needed in the NGAP DL Data Notification. gNB considers the paging priority as per AMF decision. Advantage: AMF behavior same as CM-idle.

· Option 2:  when AMF receives the PPI/ARP/5QI it transfers them to the gNB. gNB handles them like for current RRC_Inactive i.e. the gNB derives itself the paging priority and sends it in RAN Paging message.
Both options can work. No strong view but a slight preference for option 1 to minimize AMF impact.
Proposal 1: select between one of the two options above. Option 1 is preferred.

How to differentiate in the MT Communication Handling procedure whether the request message is sent to indicate connection resume or to apply MT communication handling

At RAN3#119bis, it was agreed to reuse the same new class 1 procedure to notify the 5GC when the UE gets connected again. Actually what matters here is not to send the RRC state of the UE to the 5GC, but to disable the CN based comm handling due to UE becoming RRC connected.
There, in our view the MT Communication handling request should contain an IE to either “enable” or “disable” the CN based comm handling.

Proposal 2: add a comm handling status ENUMERATED (enable/disable) in the MT Communication Handling request message.

Assuming proposal 2 is agreed, there is no more strong need to signal the actual RRC state to the 5GC. When UE gets RRC connected, 5GC receives the request to apply CN based comm handling and that is enough.

One advantage of this RRC state agnostic solution (encoding) is that it is future-proof for the discussion on SDT support (see below) in which the UE may remain RRC_INACTIVE, and this RRC state status can remain not visible to 5GC.
Proposal 3: it is not needed to include the RRC state in the MT Comm handling request message.

Support of MO-SDT

The SDT feature is NG-RAN internal and may not be visible to 5GC. However, it cannot work well if 5GC has been configured with CN based comm handling.
MO-SDT Traffic

For MO-SDT traffic, uplink packets can reach the CU-UP and be sent to UPF. The UPF may send any received uplink traffic if the feature is to be supported (as it can guess that it is SDT related). 

However, even for MO-SDT it is possible that downlink data is to be sent to this UE over SDT bearers during the MO-SDT transaction even though the UE is to remain in RRC_INACTIVE state. This means that the gNB should disable the CN based comm handling during the duration of the MO SDT transaction for the traffic corresponding to SDT bearers. 

Proposal 4: for MO-SDT the gNB should be able to disable the CN based comm handling only on the SDT bearers during the MO-SDT transaction.
Non MO-SDT Traffic

At the same time, if some non-SDT traffic is being buffered in 5GC this one should remain buffered in 5GC waiting for the end of eDRX cycle. At end of eDRX cycle, the NGAP DL Data Notification will be sent to page the UE into RRC connected.
However, the 5GC has no idea of which downlink traffic correspond to bearers configured for SDT in order to discriminate the handling between SDT traffic and non-SDT traffic as described above, unless the gNB has tells 5GC at the time of disabling which PDU session IDs and QFIs are involved. 
Proposal 5: Include in the MT Comm handling Disable IE an optional list of PDU Session and QFIs.

Support of MT-SDT

MT-SDT traffic

If UE supports MT-SDT feature, similarly the 5GC (and UPF) should be configured to let UPF transfer the incoming packets for those QoS flows which map to SDT bearers. Then if those packets reach the CU UP, it will trigger E1 DL Data Notification and the MT-SDT NG-RAN procedure can kick-in. In order to do this, similarly, the list of PDU session IDs and QFIs corresponding to the SDT bearers should be included at the time of enabling CN based comm handling in order to make an exception for those QFIs. 
Non-MT SDT traffic

For incoming non-SDT traffic, if it arrives during long eDRX period, it is kept buffered at UPF. If it arrives during active window, the UPF inform the AMF and the AMF uses the new NGAP DL Data Notification. 

Proposal 6: Include in the MT Comm handling Enable IE an optional list of PDU Session and QFIs.
PTW over NGAP 

The length of the CN PTW can be different than the length of the RAN PTW, therefore the length of the RAN PTW is currently unknown to the 5GC. If 5GC doesn’t know the length of Ran PTW it cannot calculate to send the paging message adequately just before the RAN PTW start or during the RAN PTW. The PTW can range up to around 40 seconds which is much bigger than the tolerated loose synchronization of 1 or 2 seconds. If the 5GC sends the Paging after the PTW end, the paging gets lost.
Presence of eDRX cycle in MT Communication request

The presence should be mandatory when the request is to enable, and not needed when the request is to disable the CN based comm handling.

Conclusion and Proposals
This paper has provided analysis of the remaining open issues related to CN based MT communication handling for long eDRX which is to be used for eDRX cycles longer than 10.24 seconds with the following proposals:
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Annex A : TP for TS 38.413
8.3.X
MT Communication Handling

8.3.X.1
General

The purpose of the MT Communication Handling procedure is to request the AMF to activate or deactivate the CN based MT Communication handling for a UE in RRC_INACTIVE state with extended DRX beyond 10.24 seconds as specified in TS 23.501 [9]. The procedure uses UE-associated signalling.

8.3.X.2
Successful Operation
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Figure 8.3.X.2-1: MT Communication Handling procedure. Successful operation.

The NG-RAN node initiates the procedure by sending the MT COMMUNICATION HANDLING REQUEST message to the AMF.


If the NR Paging eDRX Cycle for RRC INACTIVE IE is included in the MT COMMUNICATION HANDLING REQUEST message, the AMF shall, if supported, take it into account when applying MT communication handling as specified in TS 38.304 [12] and TS 23.501 [9].



If the Enable MTCH IE is included in the MT COMMUNICATION HANDLING REQUEST message, the AMF shall, if supported, take it into account and apply MT communication handling to all downlink traffic if the Buffer All IE is included or on some particular listed QoS Flows if the Applied SDT-related QFI List IE is included.

If the Disable MTCH IE is included in the MT COMMUNICATION HANDLING REQUEST message, the AMF shall, if supported, take it into account and disable MT communication handling to all downlink traffic if the Disable All IE is included or disable MT communication handling to all downlink traffic except on listed QoS Flows if the Exempted SDT-related QFI List IE is included.
Not modified 

9.2.2.X1
MT COMMUNICATION HANDLING REQUEST
This message is sent by the NG-RAN node to the AMF to request CN based MT communication handling for UEs in RRC_INACTIVE state with long eDRX beyond 10.24 seconds as specified in TS 23.501 [9].
Direction: NG-RAN node ( AMF

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	
	
	
	
	
	
	

	Enable MTCH
	O
	
	
	Enables the MT Communication Handling
	YES
	reject

	>NR Paging eDRX Cycle for RRC INACTIVE
	M
	
	ENUMERATED (hfquarter, hfhalf, hf1, hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024, …)
	
	YES
	reject

	>NR Paging Time Window
	M
	
	ENUMERATED (s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s11, s12, s13, s14, s15, s16, …, s17, s18, s19, s20, s21, s22, s23, s24, s25, s26, s27, s28, s29, s30, s31, s32)
	
	YES
	reject

	>CHOICE Handling Scope
	M
	
	
	
	
	

	>>Full NG-U
	
	
	
	
	
	

	>>>Buffer All
	M
	
	ENUMERATED (Buffer all, …)
	
	-
	

	>>Part NG-U
	
	
	
	
	
	

	>>>Applied SDT-related QFI List
	M
	
	SDT-related QFI List

9.3.1.x
	
	-
	

	Disable MTCH
	O
	
	
	Disables the MT Communication Handling
	
	

	>CHOICE Handling Scope
	M
	
	
	
	YES
	reject

	>>Full NG-U
	
	
	
	
	
	

	>>>Disable All
	M
	
	ENUMERATED (Disable all, …)
	
	-
	

	>>Part NG-U
	
	
	
	
	
	

	>>>Exempted SDT-related QFI List
	M
	
	SDT-related QFI List

9.3.1.x
	
	-
	

	FFS
	
	
	
	
	
	




9.3.1.x
SDT-related QFI List

This IE indicates the list of qos flows related to SDT bearers.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	SDT-related Item
	
	1..<maxnoofPDUSessions>
	
	

	>PDU Session ID
	M
	
	9.3.1.50
	

	>SDT-related QFI List
	M
	
	
	

	  >>SDT-related QFI Item
	
	1..<maxnoofQoSFlows>
	
	

	   >>>QoS Flow Identifier
	
	
	9.3.1.51
	

	
	
	
	
	


	Range bound
	Explanation

	maxnoofQoSFlows
	Maximum no. of QoS flows allowed within one PDU session. Value is 64.



- 2 -

