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1. Introduction
Several papers were submitted for Rel-15 WUS last meeting [1 ~ 4], during online discussion and offline email discussion CB # 99bis_WUS, different views of several aspects were provided by companies. RAN3 sent a Reply LS to SA2 to inform that RAN3 detected some issues:

· It is assumed by many companies that the MME is not able to interpret the UE Radio Capability for Paging IE as it is encoded as RRC container.

· There is no agreement in RAN3 to inform the eNB WUS supporting to MME in S1 SETUP REQUEST and ENB CONFIGURATION UPDATE messages.

· The Assistance Data for Recommended Cells is now defined as transparent to EPC, besides this information, the MME is also able to get the last cell info from the received User Location Information IE and the Cell Identifier and Coverage Enhancement Level IE.
In this contribution, we further discuss the Rel-15 WUS related issues and solutions.

2. Discussion
There are three issues related to Rel-15 WUS were discussed together in the discussion between RAN2 and SA2, in this section we try to provide our analyses of them separately.
2.1 Issue 1: Mobile UE using WUS

The previous discussion between SA2 and RAN2:

· SA2 would like to ask RAN2 whether additional assistance information is required and/or MME needs to NOT send WUS Assistance Information in S1 Paging message for highly mobile UEs that will be interpreted by RAN to not use WUS

· RAN2 recognize the issue created by a mobile UE using WUS but RAN2 has not yet concluded on a solution.

· RAN2 re-discussed “whether and how using WUS may affect MME paging strategies” in R15 and concluded that with some MME paging strategies, e.g. always paging a UE in the entire TA list, this may lead to increased power consumption for UEs using WUS. Therefore, RAN2 asks SA2 to take this into consideration from Release 15 so that benefit of WUS can be realised.
Potential Solution of Issue 1:

From our understanding, the SA2 solution to only use WUS in the last used cell is beneficial to reduce the false wake up of the other UEs due to paging in multiple cells following paging escalation, the solution could be::

· the eNB provides the WUS capable info of the UE in UE Radio Capability for Paging to the MME in S1AP: UE CAPABILITY INFO INDICATION message;

· the MME provides the UE Radio Capability for Paging, and the last used cell of the UE (e.g. by reusing the Recommended Cells for Paging IE, and Cell Identifier and Coverage Enhancement Level IE) in S1AP Paging message;

· the eNB only use WUS for the UE in the last used cell, based on the received WUS capable info of the UE, and the last used cell info;
Potential RAN3 impact: 

· this solution has already been supported by current stage 3 specifications, except that if it is required for the MME to create a Recommended Cell list to the eNB in some scenario (e.g. the eNB did not provide the information to the MME at UE context Release complete), it will be needed to remove the statement that the Recommended Cells for Paging IE is transparent to the EPC in S1AP spec.

Proposal 1: if it is required for the MME to create a Recommended Cell list to the eNB in some scenario, it will be needed to remove the statement that the Recommended Cells for Paging IE is transparent to the EPC in S1AP spec.
2.2 Issue 2: 2000ms wakeUpSignalMinGap-eDRX
For eDRX, as we know that the MME will provide the Paging Time Window (PTW) to the UE via NAS and to the eNB via S1AP Paging message. The UE is assumed reachable for paging within the PTW, and after the PTW, the MME considers the UE unreachable for paging until the next Paging Hyperfame.
In TS 23.682, it is also assumed that eNodeBs and MMEs are able to use the same H-SFN value with accuracy in the order of legacy DRX cycle lengths, e.g. 1 to 2 seconds.

For Rel-15 WUS, there is a wakeUpSignalMinGap-eDRX which indicates the minimum gap the UE supports between WUS and associated PO for eDRX, and the maximum value is 2000ms. Therefore the MME has to provide the Paging message to the eNB 2 seconds prior to the PO.
During the previous RAN2 and SA2 discussion, many companies think that it could be solved by proper network implementation.
Potential Solution of Issue 2:
· Could be solved up to network implementation.
Potential RAN3 impact: 
· None

2.3 Issue 3: Paging strategies issue in case of WUS 1: N mapping
For a UE with eDRX configuration, one WUS can be mapped to N consecutive POs, N is cell specific configuration in SIB2, value from {1, 2, 4}. If UE detects the WUS, the UE shall monitor the following N paging occasions unless it is paged.
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This Paging strategies issue in case of WUS 1: N mapping was discussed in RAN2, but it was not clearly elaborated in the reply LS, the discussion digested from RAN2 chairman notes:

	R2-1909224    Concerns on MME Being Unaware of WUS in Rel-15       NTT DOCOMO INC.      discussion       NB_IOTenh2-Core

· HW agree that there is an issue and MME would have to be aware of the 1:N mapping in order to determine when the next paging occasion is. If we can’t change Rel-15 MME behaviour then we would potentially have to disable 1:N mapping in Rel-15.
· QC think that we don’t know the MME implementation, e.g. how long it will wait before trying, but believe it would be useful for MME to be aware at least of WUS support in the UE.

· Ericsson think we might be overcomplicating things, and this may just be a corner case. Even if it happens the MME can take care of it as it would today for e.g. missing paging in an eDRX cycle. Nokia agree, and it can be mitigated by configuration of 1:N accordingly.

· Intel think it would be useful to make MME aware.

· QC think there is an impact to the system performance if we rely on 1:N configuration only, and if the changes are limited to NW side impact only then Rel-15 should be possible.

· Can indicate in an LS to SA2 and RAN3.

· Check whether to have a separate LS or include in the reply LS for Rel-16 WUS

Offline discussion #304 (DoCoMo) Prepare LS text and discuss whether to send separately or combine with the Rel-16 LS.

R2-1911584 [Draft] LS on MME Being Unaware of WUS in Rel-15  LS out    Rel-15     NB_IOTenh2-Core, LTE_eMTC4-Core       To:SA2   Cc:CT1, RAN3

· Ericsson thinks we should not say that it would be useful for MME to be aware, but just tell them the problem that may occur. 

· Will merge and refine the LS text along with the REl-16 reply LS in R2-1911580


To discuss this aspects, it is better for us to firstly understand Paging retransmission strategy of the MME:

	TS 23.682:

	4.5.13.3.3
MME paging and paging retransmission strategy

NOTE:
This clause applies for extended DRX cycle lengths of 10.24s or longer.

When the MME receives trigger for paging and the UE is reachable for paging, the MME sends the paging request. If the UE is not reachable for paging, then the MME pages the UE just before the next paging occasion.
The MME determines the Paging Time Window length based on paging retransmission strategy, and uses it to execute the retransmission scheme.
If the UE is unreachable for paging, then MME may follow clause 4.5.7 "High latency communication" for functionality related to Mobile Terminated communication with high latency.


Based on these paging strategy, it is understood that the MME may page the UE within the PTW, e.g. in case there are still one or multiple Paging DRX cycle (one or multiple available POs). 
There are two unexpected cases if CN is not aware of WUS 1: N mapping:
Case A: missed paging in case it is triggered after the last WUS
In case the CN triggers the paging after the last WUS, the paging will be missed, as there was no WUS detected and the POs (after CN paging) will be skipped by the UE.
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Observation: if the CN is not aware of WUS 1 to N mapping, the paging triggered after the last WUS during the PTW will be missed.
Case B: unnecessary re-page before the UE response
As shown in the figure below, if the CN re-paging timer is set to T1, but after receiving WUS the UE will access, and then the paging response will be provided after T2, but the CN will re-page the UE at T1 and probably within a bigger area, which is costly and unnecessarily.
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Observation: if the CN is not aware of using WUS 1 to N mapping, if re-paging Timer is set to smaller than N*DRX cycle, unnecessary CN re-paging may happen.
Potential Solution of Issue 3:
· In order to help the CN to set proper paging strategy, it is needed to make the CN be aware of using WUS by the UE, and make the CN be aware of WUS 1: N Mapping.

Potential RAN3 impact: 
· inform the following information to the MME:

· Value of N ((the number of consecutive POs mapped to one WUS)) used by the eNB

· UE capability of supporting WUS/group WUS
Proposal 2: the eNB provides the number of consecutive POs mapped to one WUS to the MME in S1 SETUP REQUEST and ENB CONFIGURATION UPDATE messages;

Proposal 3: the eNB provides a new IE to indicate the UE capability of supporting WUS to the MME in S1AP: UE CAPABILITY INFO INDICATION message;

3. Proposal
In this contribution, we discuss the the CN awareness of WUS, in order to help the CN to set proper paging strategy to avoid potential issues in case of 1 to N mapping WUS, it is proposed to:

Proposal 1: if it is required for the MME to create a Recommended Cell list to eNB in some scenario, it will be needed to remove the statement that the Recommended Cells for Paging IE is transparent to the EPC in S1AP spec.
Proposal 2: the eNB provides the number of consecutive POs mapped to one WUS to the MME in S1 SETUP REQUEST and ENB CONFIGURATION UPDATE messages;

Proposal 3: the eNB provides a new IE to indicate the UE capability of supporting WUS to the MME in S1AP: UE CAPABILITY INFO INDICATION message;

The S1AP CR is provided in [8] and [9], the reply LS is provided in [10].
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5. Annex--The maximum PO numbers within the PTW

As it was also discussed in [7], in case of eDRX, the Paging Time Window (PTW) could be configured as 1 to 16 times of 1.28s for LTE/eMTC, and 1 to 16 times of 2.56s for NB-IoT, as the UE will monitor the POs during the PTW or until a paging message including the UE's NAS identity is received for the UE during the PTW, whichever is earlier. The paging cycle of LTE/eMTC UEs could be 0.32, 0.64, 1.28, or 2.56 seconds, NB-IoT UEs could be 1.28, 2.56, 5.12, or 10.24 seconds. 

The maximum PO numbers within the PTW for a UE is shown in the table:

	Max PO numbers within the PTW
	Paging Time Window (PTW) (seconds)

	
	1.28
	2.56
	5.12
	10.24
	20.48
	40.96

	paging DRX cycle (seconds)
	0.32
	4
	8
	16
	32
	64
	128

	
	0.64
	2
	4
	8
	16
	32
	64

	
	1.28
	1
	2
	4
	8
	16
	32

	
	2.56
	\
	1
	2
	4
	8
	16

	
	5.12
	\
	\
	1
	2
	4
	8

	
	10.24
	\
	\
	\
	1
	2
	4


3GPP


