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1 Introduction
Rel-16 WIDs item on additional enhancements for NB-IoT and eMTC were approved at RAN#80 and revised at RAN#81, RAN#82, RAN#83 and RAN#84 [1], [2]. One of the objectives in these two WIDs is to improve UE power consumption by specifying support for group based wake-up signal:
For NB-IoT:

Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

For eMTC:
Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify quality report in MSG3 at least for EDT [RAN1, RAN2]

· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

In the previous RAN2 meetings, paging assistance information based grouping for wake-up signal was discussed and the following agreements were made for both NB-IoT and eMTC [3]:

	RAN2#103bis agreements:
· The aim of UE grouping for WUS is reducing the false alarm probability.
RAN2#104 agreements:
· Further discuss the benefit and feasibility of using service based parameters for grouping in addition to UE-ID

· RAN2 will decide on the UE to WUS group mapping
RAN2#105 agreements:
· Feasibility of the solution based on the following attributes for deriving the service-type for GWUS can be studied further:

· Paging Probability

· Mobility
RAN2#106 agreements:

· WUS grouping based on paging probability is beneficial for improving false wake-up probability for UEs which are not frequently paged, but may increase false wake-up probability for UEs which are frequently paged.

· Send an LS to SA2, cc RAN3, CT1, to ask about the feasibility and impact for the MME to provide information on UE paging probability.




In RAN2#106 meeting, an LS was sent to ask SA2 the feasibility for the MME to provide information on how often the UE is paged [4].

SA2 has replied the LS to confirm the feasibility to provide such information. Two questions need to be answered by RAN2 for further discussion in SA2. The reply LS [5] can be found in annex.

This document discusses the two questions asked by SA2 in the reply LS.
2 Discussion
In the reply LS from SA2, the feasibility for the MME to provide information on paging probability has been confirmed. RAN2 was asked to provide feedback on the following two questions:

· Question 1: More details about the WUS grouping feature, including how the UE would be configured to support WUS grouping (SA2 assumes this could be done via NAS signalling).

· Question 2: Whether and how using the WUS may affect MME paging strategies.
The two questions are discussed in the following sections separately.

2.1 Question 1 on details about WUS grouping
In general, we think three aspects on WUS grouping feature need to be reply to SA2:

· What kind of information is needed?

· How to signal the information?

· How to map the information to WUS groups?
2.1.1 Which information needs to be provided?
As mentioned in the previous RAN2 LS [4], from RAN2 point of view, WUS grouping based on paging assistance information is beneficial for improving false wake-up probability for UEs which are not frequently paged. Thus, the benefit is for the UEs with low paging probability. We think the paging assistance information in this feature is mainly used to identify the UEs with low paging probability. From this point of view, based on companies’ contributions and online discussion, the following information can be considered:
· Paging probability indicator, i.e. the probability for the UE being paged

· Paging frequency information, i.e. number of times the UE is paged during a certain duration

We think the final decision should be made by SA2. Above examples can be replied to SA2 for reference.
Proposal 1: From RAN2 point of view, paging probability indicator and paging frequency information can be used to reflect whether the UE is paged infrequently, the final decision is up to SA2.
2.1.2 How to signal the information?
In our understanding, the paging assistance information of UEs is transparent to the eNB. Only the UE and the CN have such information. SA2 has confirmed that it is possible for the MME to provide paging assistance information. Thus, we think this information should be exchanged between the UE and the CN via NAS signalling. Either the UE negotiates with MME (similarly to the use of eDRX) or the MME configures the information to the UE directly based on subscription information or observation of the UE paging pattern. Thus, the UE and the MME are aligned on the paging assistance information.
We think the general handling of WUS grouping based on paging assistance information can be very similar to handling of eDRX:

· The UE and the MME negotiate the paging assistance information via NAS signalling (similarly to the negotiation of the eDRX parameters).

· The eNB broadcast the mapping relation between the paging assistance information and the WUS groups.

· The MME provides the paging assistance information of the UE to the eNB in the S1 paging message 

· The UE and the eNB determine the WUS groups used for paging over the Uu interface based on the broadcasted mapping relation and the paging assistance information of the UE.

The details of the 2nd and 4th bullets are discussed in the next section. The above description can be included in the reply to SA2 for their information.
Proposal 2: Include an overview, similar to the above, of the handling of WUS grouping based on paging assistance information in the reply to SA2 for their information.

2.1.3 How to map paging assistance information to WUS groups?
As mentioned in the previous section, the mapping relation between the paging assistance information and WUS groups needs to be configured by the eNB via system information. 
In the following, we describe a solution to provide the mapping between the paging assistance information and the WUS groups. The concept is similar to the determination of the CE level before a random access procedure.

For example, assuming that a paging probability indicator 0..100 is provided by the MME and a threshold list including 2 paging probability thresholds is broadcast, the UE selects its WUS group(s) based on its paging probability indicator as described in the following table:

Table 1. Example of mapping between paging probability indicator and WUS group(s)
	Paging probability
	WUS group(s)

	Paging probability < Threshold 1
	WUS group 0

	Threshold 1 (e.g. 10%)

	Threshold 1 < Paging probability < Threshold 2
	WUS group 1

	Threshold 2 (e.g. 50%)

	Paging probability > Threshold 2
	WUS group 2


In addition, considering that RAN2 has agreed to support UE_ID based grouping (which is transparent to the MME), a 2-level mapping can be applied if more than one WUS group is associated to a priority level:
Table 2. Example of two level mapping (paging probability indicator and UE_ID) to WUS groups
	Paging probability
	UE_ID
	WUS group(s)

	Paging probability < Threshold 1
	
	WUS group 0

	Threshold 1 (e.g. 10%)

	Threshold 1 < Paging probability < Threshold 2
	UE_ID mode 2 = 0
	WUS group 1

	
	UE_ID mode 2 = 1
	WUS group 2

	Threshold 2 (e.g. 50%)

	Paging probability > Threshold 2
	UE_ID mode 2 = 0
	WUS group 3

	
	UE_ID mode 2 = 1
	WUS group 4


In the above example, for UEs with paging probability larger than 50% or 10%-50%, 2 UE_ID based groups are applied. For the UEs with paging probability smaller than 10%, no UE_ID based grouping is applied.

Since UE_ID based grouping is transparent to the MME, we think it is enough to include Table 1 in the reply LS to SA2 as example for reference.
Proposal 3: Include Table 1 as an example of usage in the reply LS to SA2.
2.2 Question 2 on paging strategy impact
For Rel-15 WUS
In Rel-15 WUS, in case of 1-to-N mapping between WUS and PO, there was discussion on whether the paging strategy in the MME was impacted. The main concern was that if there was only one WUS occasion per PTW, the paging latency would become unacceptable. Regarding this issue, it was RAN2 common understanding that in case 1-to-N mapping is configured, WUS does not cause the UE missing a paging attempt from the MME (see Discussion point 2 in [6]). This is achieved by appropriate setting of the WUS parameters, e.g. based on configuration co-ordination between the MME. Based on this understanding, there was agreement that WUS is transparent to the MME [7], the paging operation in the MME is independent from the use of WUS in RAN. 

· In Rel-15, MME is not aware of WUS.
The sentence has been captured in TS36.300 [8]:
	NB-IoT UEs, BL UEs or UEs in enhanced coverage can use WUS, when configured in the cell, to reduce the power consumption related to paging monitoring.

When WUS is used in idle mode, the following are applicable:

-
The WUS is used to indicate that the UE shall monitor MPDCCH or NPDCCH to receive paging in that cell;

-
For a UE not configured with extended DRX, the WUS is associated to one paging occasion (N = 1);

-
For a UE configured with extended DRX, the WUS can be associated to one or multiple paging occasion(s) (N ≥ 1) in a PTW;

-
If UE detects the WUS, the UE shall monitor the following N paging occasions unless it has received a paging message;

-
The paging operation in the MME is not aware of the use of the WUS in the eNB.


The sourcing companies has submitted a CR to further clarify the above intention in a NOTE [9]:
NOTE:
E-UTRAN configures WUS parameters (1-to-N mapping between WUS and POs) and gap duration so that it does not impact the MME paging operation, e.g., based on configuration co-ordination between the MME and the eNB.
Proposal 4: Indicate in the reply LS to SA2 that Rel-15 WUS has no impact on MME paging strategies and attach the CR [9], if agreed.
For Rel-16 WUS 
For Rel-16 WUS, only things needed from the MME are:
· Negotiate the paging assistance information with the UE via NAS signalling.
· Provide the paging assistance information in S1 paging message when paging the UE.

The use of paging assistance information based WUS grouping is decided and configured by the eNB. The MME does not need to be aware of the use of paging assistance information based WUS grouping in the eNB. From paging strategies point of view, Rel-16 WUS does not change the Rel-15 WUS concept. Thus, there is no impact on paging strategies in the MME also.
Proposal 5: Indicate in the reply LS to SA2 that Rel-16 WUS with paging assistance information based grouping has no impact on MME paging strategies.
3 Conclusion

This paper focused on the reply LS from SA2 on the feasibility for the MME to provide paging assistance information and further questions to RAN2. Corresponding observations and proposals are listed as below:
Proposal 1: From RAN2 point of view, paging probability indicator and paging frequency information can be used to reflect whether the UE is paged infrequently, the final decision is up to SA2.

Proposal 2: Include an overview, similar to the above, of the handling of WUS grouping based on paging assistance information in the reply to SA2 for their information.

Proposal 3: Include Table 1 as an example of usage in the reply LS to SA2.
Proposal 4: Indicate in the reply LS to SA2 that Rel-15 WUS has no impact on MME paging strategies and attach the CR [9], if agreed.
Proposal 5: Indicate in the reply LS to SA2 that Rel-16 WUS with paging assistance information based grouping has no impact on MME paging strategies.
The draft LS for proposals 1-5 is provided in [10].
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1
Overall description

SA2 thanks RAN2 for their LS on assistance indication for WUS grouping.

SA2 agreed that it is feasible for the MME to provide assistance information including paging probability information to the eNB. 

SA2 would like to ask:

· More details about the WUS grouping feature, including how the UE would be configured to support WUS grouping (SA2 assumes this could be done via NAS signalling).

· Whether and how using the WUS may affect MME paging strategies.

2
Actions

To RAN2:

ACTION: 
SA2 kindly ask RAN2 to take the above mentioned information into account and to reply to the related questions.

3
Dates of next TSG SA WG2 meetings
TSG SA WG2 Meeting #135
14 – 18 Oct 2019


Split, HR
TSG-SA WG2 Meeting #134 
18 – 22 November 2019

Reno, NV, USA
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