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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, RAN#84 and RAN#85 [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 last RAN2#107bis meeting, some details on WUS grouping configuration have been agreed for both NB-IoT and eMTC [3]:

	· Rel-16 WUS can be configured without Rel-15 WUS.

· If both R15 and R16 WUS are configured, then maximum duration, time offset for different gap types, and transmit power for WUS sequence need to be configured with the same values for both R15 and R16.

· FFS: numPOs
· The time locations of R16 WUS resources need to be known by the UE. Signalling details can be discussed as part of stage 3 CR.

· FFS: A WUS group cannot be mapped to both UEs using UE-ID based only and UEs using UE-ID + paging probability based grouping.

· If both Release 15 WUS and Release 16 WUS are configured then values configured for parameters in Release 15 WUS also apply to Release 16 WUS.

· If only Release 16 WUS is configured then values for the following parameters shall be configured: MaxDurationFactor, numPOs, FrequencyLocation (eMTC only), timeOffsetDRX, timeOffset-eDRX-short, timeOffset-eDRX-Long, numDRX-CyclesRelaxed.

· FFS: A different number of WUS resources can be configured for each gap type (DRX, eDRX short, eDRX long).

· FFS: When one or more R16 WUS resources are configured, the WUS Paging probability mapping to WUS group can be provided separately for each gap type (i.e. timeoffset-DRX, timeoffset-eDRX-short, timeoffset-eDRX-long).

· Same or different number of WUS groups can be configured for each R16 WUS resource.

· UE WUS group hopping between WUS resources is configured per cell.

· FFS how to configure the following agreed cases:

· When R15 WUS is configured then all R16 WUS resources are adjacent to R15 WUS in the time domain (for eMTC and NB-IoT) and in the frequency domain (for eMTC only).

· When only R16 WUS resources are configured, frequency location provided for the first R16 resource (i.e. FrequencyLocation). (for eMTC only).

· When only R16 WUS resources are configured, location in time provided for the first R16 resource for each gap type (i.e. timeOffset-DRX, timeOffset-eDRX-short, timeoffset-eDRX-Long). (for eMTC and NB-IoT).

· RAN2 assumes one or more UEs may not be configured at NAS with paging probability.

· If R16 WUS is configured, at least one WUS group will be assigned to UEs that are not configured with paging probability.

· FFS Mapping of paging probabilities to WUS group.

· R16 WUS can be supported on all or subset of the paging carriers/paging narrowbands.




Taking NB-IoT as an example, this document discusses the remaining issues for WUS grouping configuration, including both paging probability based WUS grouping and UE_ID based grouping. RAN1 agreements and parameter list are also taken into consideration.
2 Discussion
In general, we think there are two aspects to be discussed regarding WUS grouping configuration:

· PHY configuration: 

A UE should be aware of the following according to PHY configuration:

· Given a specific group index, how to monitor the WUS group associated with the group index, including the resource and the sequence of the WUS group.
· How to monitor common WUS, including the resource and the sequence of the common WUS group

· Mapping relation configuration:
A UE should be aware of the following according to mapping relation configuration:

· Which group index should be monitored
These two aspects are discussed in the following sections separately.

2.1 PHY configuration
Parameters list for Rel-16 NB-IoT has been agreed by RAN1 in [4]. WUS grouping related parameters have been copied as following:

	Parameter name in the spec
	Description
	Value range

	gWUS-resource-config-DRX
	Group WUS resource configuration. This indicates the number of configured resources and their location. 'gWUS resource configuration for DRX' may not be configured unless 'timeOffsetDRX' is configured.
	{LegacyResource, Non-legacyResource, Both}

	gWUS-resource-config-eDRX-short
	Group WUS resource configuration. This indicates the number of configured resources and their location.‘gWUS resource configuration short eDRX’ may not be configured unless 'timeOffset-eDRX-Short' is configured. Regarding group WUS configuration for different gap durations (DRX, short eDRX and long eDRX), the following applies:
- If eDRX short gap is configured but no group WUS configuration for that gap is provided, the DRX gap configuration shall be used.
	{LegacyResource, Non-legacyResource, Both}

	gWUS-resource-config-eDRX-long
	Group WUS resource configuration. This indicates the number of configured resources and their location. ‘gWUS resource configuration long eDRX ’ may not be configured unless 'timeOffset-eDRX-Long' is configured. Regarding group WUS configuration for different gap durations (DRX, short eDRX and long eDRX), the following applies:
- If eDRX long gap is configured but no group WUS configuration for that gap is provided, the eDRX short gap configuration shall be used if configured, otherwise the DRX configuration shall be used.
	{LegacyResource, Non-legacyResource, Both}

	gWUS-numGroups-DRX
	Number of UE groups per group WUS resource for DRX (default) gap. For group WUS resources sharing WUS gap, per default, the number of UE groups per resource is configured for all group WUS resources. Optionally, the number of UE groups for each WUS resource can be configured individually.
	[1,2,4,8]

	gWUS-numGroups-eDRX-short
	Number of UE groups per group WUS resource for short eDRX gap. Regarding group WUS configuration for different gap durations (DRX, short eDRX and long eDRX), the following applies:
- If eDRX short gap is configured but no group WUS configuration for that gap is provided, the DRX gap configuration shall be used. 
For group WUS resources sharing WUS gap, per default, the number of UE groups per resource is configured for all group WUS resources. Optionally, the number of UE groups for each WUS resource can be configured individually.
	[1,2,4,8]

	gWUS-numGroups-eDRX-long
	Number of UE groups per group WUS resource for long eDRX gap. Regarding group WUS configuration for different gap durations (DRX, short eDRX and long eDRX), the following applies:

If eDRX long gap is configured but no group WUS configuration for that gap is provided, the eDRX short gap configuration shall be used if configured, otherwise the DRX configuration shall be used. 

For group WUS resources sharing WUS gap, per default, the number of UE groups per resource is configured for all group WUS resources. Optionally, the number of UE groups for each WUS resource can be configured individually.
	[1,2,4,8]

	gWUS-commonWUS-sequence
	If set to LegacyWUS, the common group WUS is legacy WUS in a resource shared with legacy WUS.
	LegacyWUS, GroupWUS


According to the parameter list, for each WUS gap, two information need to be known by the UE:

· Which resource(s) are used for WUS grouping (legacy only, new only or both)

· How many WUS groups on each WUS resource (1, 2, 4, or 8)

In addition, RAN1 has agreed the following about WUS group alternating:
· Design pre-defined method to allow alternating UE group to monitor different WUS resources at different POs implicitly.

RAN1 has agreed that WUS group alternating is configurable. In our view, WUS group alternating is beneficial for the fairness among UEs associated to different WUS groups when there are two WUS resources. From RAN2 point of view, we think this should always be used and there is no need to make it configurable:
· From the network point of view, WUS group alternating will not cause additional network resource. Thus, if it is beneficial for fairness, there is no reason for the network to disable it.

· From the UE complexity point of view, even WUS group alternating is configurable, it still needs to be implemented and tested. Thus, there is no additional complexity to use WUS group alternating always.

Proposal 1 WUS group alternating is always used when two WUS resources are configured without explicit enabling.
According to the parameters list and the following RAN1 agreement:

· G = 132 and g = 14*(UE_group_index+1), 0 ≤ UE_group_index ≤ 7

· The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS (working assumption)

we can observe that:

· On the new WUS resource, the common WUS sequence is always generated by g=126 which is in additional to WUS groups 0 to 7.

· On the legacy WUS resource, the common WUS sequence is either Rel-15 WUS sequence or new WUS sequence generated by g=126, which is indicated by gWUS-commonWUS-sequence.

The same rule can apply for all gaps and only one bit indication is needed. 
Proposal 2 One bit indication, gWUS-commonWUS-sequence, is provided to indicate which common WUS sequence is used on the legacy resource.
RAN1 has agreed to allow configuration of different number of groups per WUS resource and per WUS gap. They have also defined default configuration rules when the parameter is not signalled.

From RAN2 point of view, we are concerned about the signalling complexity and overhead that this flexibility will require. It should be noted that this will also impact the amount of signalling that we be required to indicate the mapping relation between the UE probability and the group WUS, that will needs to be signalled per gap as well.
We also think that the default configuration rules defined by RAN1 are too complicated and may not save any signalling, e.g.:

· Without default configuration rules: 
· 2 resources * 3 gaps * no. groups = 12 bits

· With default configuration rules:
· 2 resources * 3 gaps * optionality bit = 6 bits

· 2 resource * DRX gap * no. groups = 4 bits

In total, 2 bits can be saved if all gaps have the same number of groups. Zero bit is saved if one gap has a different configuration and extra bits are needed if two or more gaps have different configuration.
Proposal 3 RAN2 to discuss which flexibility is really needed considering the signalling complexity and overhead. 

2.2 Mapping relation configuration
SA2 has agreed to provide paging probability information. Thus the mapping relation between the paging probability information and the 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 probability 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.

Proposal 4 The mapping relationship between probability information and WUS group is configured by a probability threshold list (size FFS) and a list of corresponding WUS groups for each probability level.
Proposal 5 The mapping relationship between UE identity and WUS group is signalled by a list of WUS groups.
Proposal 6 2-level mapping is supported and paging probability grouping is the primary level.
If RAN2 agrees on having different number of groups for different gaps, RAN2 needs to discuss ways (e.g. implicit rules, ratio rather than explicit list of groups) to avoid signalling the mapping relationship per gap.
Proposal 7 If different number of groups for different gaps is supported, RAN2 to discuss ways to reduce the associated signalling.

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 8 WUS group alternating is always used when two WUS resources are configured without explicit enabling.

Proposal 9 One bit indication, gWUS-commonWUS-sequence, is provided to indicate which common WUS sequence is used on the legacy resource

Proposal 10 RAN2 to discuss which flexibility is really needed considering the signalling complexity and overhead. 

Proposal 11 The mapping relationship between probability information and WUS group is configured by a probability threshold list (size FFS) and a list of corresponding WUS groups for each probability level.

Proposal 12 The mapping relationship between UE identity and WUS group is signalled by a list of WUS groups.

Proposal 13 2-level mapping is supported and paging probability grouping is the primary level.

Proposal 14 If different number of groups for different gaps is supported, RAN2 to discuss ways to reduce the associated signalling.
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