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1. Background 
During RAN2#106, following agreements were made
Agreements:

- RRC-INACTIVE state in NB-IoT connected to 5GC is  not supported.
- RRC-INACTIVE state with short eDRX cycles is optionally supported for eMTC connected to 5GC with capability signalling.
In this paper, we discuss about access stratum changes required to support PTW for RRC_INACTIVE with short eDRX cycle functionality for eMTC connected to 5GC. 
2. eDRX for CM-CONNECTED, RRC-INACTIVE state  
With Idle-eDRX (I-eDRX), the PTW can ranges from 1.28s – 20.48s for WB-S1 [6]. Assuming Inactive-eDRX (IA-eDRX) cycle length is up to 10.24 sec, it is safe to assume PTW used for Inactive-eDRX (IA-eDRX) would be of the orders of few seconds (i.e. significantly shorter than IA-eDRX cycle length).  Table below shows for most cases more than one PO opportunity possible with different combinations of PTW duration and DRX cycle, especially if IA-eDRX is 10.24 sec.
Table 1 Number of POs within short PTW for different Dx cycles.

	
	DRX cycle

	
	320
	640
	1.28
	2.56

	PTW duration
	1.28
	4
	2
	1
	N/A

	
	2.56
	8
	4
	2
	1

	
	3.84
	12
	6
	3
	1

	
	5.12
	16
	8
	4
	2


Reminder that PTW is used to increase the reliability of reaching the UE in I-eDRX because (a) UE may not be able to receive the first paging message upon wake-up due to radio conditions or (b) first paging occasion may be overloaded. Without PTW there could be significant delay in reaching the UE, especially with longer eDRX cycles.

Above reasons are equally applicable for need of PTW for the eMTC UE operating in RRC_INACTIVE state with short eDRX cycles.

Observation 1. Usage of PTW for RRC_INACTIVE state with short eDRX cycles up to 10.24 sec will help to increase the reliability of reaching the UE in short eDRX because (a) UE may not be able to receive the first and only paging message upon wake-up due to radio conditions or (b) first and only paging occasion may be overloaded.   
Figure 1 depicts one I-eDRx configuration and three possible IA-eDRX configurations, one with 0 length PTW (i.e. UE only monitors one PO every IA-eDRX), second and third with non-zero PTW length. To maximise power saving while supporting CN and RAN based paging it is highly desirable that POs monitored for AI-eDRX are at least subset of the POs monitored during I-eDRX PTW, or vice versa. The POs for CN paging and RAN paging should coincide given that the possible DRX values for RAN and CN paging have the same set and all combinations are integer multiple of the other. Duration of I-eDRX PTW is not important to ensure the POs during the two eDRX wake-up periods overlap. But PTW information for I-eDRX can be useful in NG-RAN to determine configuration of PTW for IA-eDRX. 


[image: image1.emf]I-eDRX PO

IA-eDRX PO

(Case 1)

I-eDRX PTW

IA-eDRX PO

(Case 2)

IA-eDRX 

PTW

IA-eDRX PO

(Case 3)

IA-eDRX 

PTW

Case 1: IA-eDRX with no PTW (i.e. only one PO attempted at each IA-eDRX).

Case 2: IA-eDRX with PTW equivalent to 2 POs, DRX cycle during IA-eDRX same as DRX cycle during I-eDRX.

Case 3: IA-eDRX with PTW equivalent to 3 POs, DRX cycle during IA-eDRX shorter than DRX cycle during I-eDRX.

Case 4: IA-eDRX with PTW equivalent to 2 POs, DRX cycle during IA-eDRX longer than DRX cycle during I-eDRX.
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Figure 1 Interaction of I-eDRX PTW with IA-eDRX PTW
From TS 23.501 v16.2.0, Section 5.31.7.2 [4],
For RAT types that support extended DRX for CM-CONNECTED with RRC Inactive state, the AMF passes the UE's accepted idle mode eDRX cycle length value to NG-RAN. If the UE supports eDRX in RRC inactive, based on its UE radio capabilities, NG-RAN configures the UE with an eDRX cycle in RRC-INACTIVE up to the value for the UE's idle mode eDRX cycle as provided by the AMF in "RRC Inactive Assistance Information" as defined in clause 5.3.3.2.5 or up to 10.24 seconds (whichever is lower).

If eDRX cycle is applied in RRC-INACTIVE, the RAN buffers DL packets up to the duration of the eDRX cycle chosen by NG-RAN.
2.1 Discussion: 

Based on above discussion, it is clear that when eMTC UE is transitioned into RRC_INACTIVE state through RRC Connection Release message, ng-eNB has to configure UE with both ran-Paging cycle and Paging Time Window (PTW). During PTW, UE monitors RAN and CN pages based on shortest of the ran-PagingCycle (if configured), the (UE specific) paging cycle (if indicated by upper layers), and the defaultPagingCycle included in the radioResourceConfigCommon. PH and PTW_start are calculated by eMTC UE and AMF (same as specified in 36.304 procedures.
Values supported for RAN Paging Cycle and Default Paging Cycle for LTE are given below

ran-PagingCycle-r15


ENUMERATED {rf32, rf64, rf128, rf256}

defaultPagingCycle



ENUMERATED {rf32, rf64, rf128, rf256}.
Example: For eMTC connected to 5GC, if RRC_INACTIVE state is configured with Short eDRX cycle of 10.24 Sec, RAN paging cycle of 320 ms, PTW = 1.28 Sec, then during every paging time window of 1.28 Sec , eMTC UE wakes up every 320 ms (4 times).
For eMTC/5GC RRC_INACTIVE state with short eDRX cycles, it is sufficient to allow only limited short values for PTW. i.e 1.28, 2.54, 3.84 Sec.
Observation 2. NG-RAN configures the eMTC UE with short eDRX cycle in RRC-INACTIVE up to the value for the eMTC UE's idle mode eDRX cycle as provided by the AMF in “RRC Inactive Assistance Information” or up to 10.24 seconds (whichever is lower).  

Observation 3. When eMTC UE is in RRC_INACTIVE state, UE monitors paging during PTW based on configured shortest of the ran-PagingCycle (if configured), the (UE specific) paging cycle (if indicated by upper layers), and the defaultPagingCycle included in the radioResourceConfigCommon.

Observation 4. PH and PTW_start are calculated by eMTC UE and AMF (same as specified in 36.304 procedures for EPC)

Proposal 1.  Introduce pagingTimeWindow IE in RRC Connection Release message to specify short eDRX operation in CM-CONNECTED, RRC_INACTIVE state.
Proposal 2. During PTW of RRC_INACTIVE with short eDRX cycle, UE can wake up multiple times as function of short ran-PagingCycle values.
Proposal 3. PTW values of 1.28, 2.56, 3.84 Sec to be supported for RRC_INACTIVE with short eDRX cycles
3. Conclusion

In this contribution, we discussed proposals for supporting RRC_INACTIVE state with extended DRX feature for eMTC connected to 5GC.  
Observation 1.
Usage of PTW for RRC_INACTIVE state with short eDRX cycles upto 10.24 sec will help to increase the reliability of reaching the UE in short eDRX because (a) UE may not be able to receive the first and only paging message upon wake-up due to radio conditions or (b) first and only paging occasion may be overloaded.
Observation 2.
NG-RAN configures the eMTC UE with short eDRX cycle in RRC-INACTIVE up to the value for the eMTC UE's idle mode eDRX cycle as provided by the AMF in “RRC Inactive Assistance Information” or up to 10.24 seconds (whichever is lower).
Observation 3.
When eMTC UE is in RRC_INACTIVE state, UE monitors paging during PTW based on configured shortest of the ran-PagingCycle (if configured), the (UE specific) paging cycle (if indicated by upper layers), and the defaultPagingCycle included in the radioResourceConfigCommon.
Observation 4.
PH and PTW_start are calculated by eMTC UE and AMF (same as specified in 36.304 procedures for EPC)

Proposal 1.
Introduce pagingTimeWindow IE in RRC Connection Release message to specify short eDRX operation in CM-CONNECTED, RRC_INACTIVE state.
Proposal 2.
During PTW of RRC_INACTIVE with short eDRX cycle, UE can wake up multiple times as function of short ran-PagingCycle values.
Proposal 3.
PTW values of 1.28, 2.56, 3.84 Sec to be supported for RRC_INACTIVE with short eDRX cycles
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