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1 Introduction

In RAN2#103bis meeting, RAN2 has agreed UE_ID based grouping would be supported for UE-Group based WUS. With cooperation of SA2, RAN2 has agreed to support paging probability based WUS grouping. [3, 6] (LS in and LS out) [6, 7] (RAN2 minutes). 
At RAN2#107 [7], the following agreements were made; 

	Agreements

· Paging probability information is negotiated between the UE and MME via NAS signalling

· This paging probability information needs to be provided by S1 paging 

· eNB configures, via broadcast, the relation between this paging probability information and WUS group on Uu interface.



Furthermore, configuration details of UE-ID and paging probability based WUS groups (ZTE), [10] over an email discussion, [107#57][NB-IoT/eMTC R16], was agreed . The prupose of the email discussion is to agree on further impact and design details to be concluded at the next RAN2#107bis meeting.
And last the following reply LS to SA2 was agreed [8].

· For the second question
· After discussion at RAN2#107, it was observed that if the MME is not aware that the UE is being paged using WUS, then the MME may have a wrong understanding on when the UE will actually be paged.

In R16, RAN1[9] has agreed that up to 2 time-multiplexed WUS resources may be configured for NB-IoT and up to 4 orthogonal WUS resources for eMTC. The related agreements for NB-IoT and MTC are as follows:
NB-IoT

	RAN1#96bis agreement:

Up to 2 time-multiplexed WUS resources, for both legacy WUS and group WUS, may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.
Group WUS location in relation to legacy WUS may be configured such that:

· If one group WUS resource is configured, that group WUS resource may be configured to coincide with the legacy WUS resource or to occur immediately before the legacy WUS resource, and,

· If two group WUS resources are configured, the first group WUS resource coincides with the legacy WUS resource and the second group WUS resource occurs immediately before the first group WUS resource.
RAN1#98 agreement:

The maximum number of UE groups per WUS resource is 8.


MTC:
	RAN1#98 agreement:

Both options can be configured simultaneously to have up to 4 orthogonal WUS resources including legacy WUS resource

· Up to 2 orthogonal resources including legacy WUS resource may be configured in time domain

· Up to 2 orthogonal resources may be configured in frequency domain

Note: The two orthogonal resources do not necessarily include the legacy WUS resource.
RAN1#98 agreement:

The maximum number of UE groups per WUS resource is 8.

The specification supports configurability to enable UE group to be changed among WUS resources.

FFS: Details including implicit/explict signalling


At RAN2#107bis, the following agreements were made [11]; 

	Agreements:

· 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.


In this contribution, we discuss some aspects on supporting the operation of UE-group WUS for MTC related to MME awarness and involvement in WUS grouping.
2 Discussion
Subgrouping of UEs within a WUS allows only a subgroup of UEs to be woken up by the WUS for a paging occasion (PO). The UE subgrouping operation will reduce the number of UEs having to wake up unnecessarily to detect MPDCCH and decode PDSCH. Thus, it reduces UE power consumption for such UEs. In this document we address mapping of UE groups into potential WUS resources and its configurability. 
2.1 WUS group and WUS resource
In the on-going NB-IoT/MTC Rel.16, the WUS in Rel.-15 is referred to as legacy WUS (L-WUS) to make it distinguishable from the Rel-16 WUS, i.e., common WUS (C-WUS) and WUS group (G-WUS). 
· UE group wake-up signal (G-WUS) is used  to wake up a certain UE group
· Legacy wake-up signal (L-WUS) is transmitted  for waking up UEs supporting Rel.15 (previous release).
· Common wake-up signal (C-WUS) is used  to wake-up all UEs that have been assigned to monitor the same WUS resource.

Furthermore, WUS resource used for WUS transmission can either be shared between in Rel 15 and Rel 16 or a separate resource used for each of them. 
Observation 1: Considering there are multiple WUS transmissions at the same time, the eNB needs to map those WUS to the physical resources (WUS resource) and makes the UE be aware of that mapping.

It has also been agreed that a WUS resource can support up to 8 WUS groups. Hence, up to 32 WUS groups for MTC and up to 16 WUS groups for NB-IoT can be supported in case all WUS resources are activated. The eNB assigns the number of WUS groups in a WUS resource. Considering multiple WUS resources are available, the eNB may distribute the number of supported WUS groups in all of those WUS resources. The number of groups can be equally distributed in each WUS resources. It can also be unequally distributed, such as one WUS resource has more groups than the others or one WUS resource is a shared WUS resource (support both rel.15 and rel.16 UEs). Example scenarios for MTC are illustrated in Figure 2. There are 8 WUS groups as illustrated in (a)-(c). In (a), the WUS groups are equally distributed so that each WUS resource supports 2 WUS groups. In (b), the WUS groups are unequally distributed. In (c), it is almost similar as (a) however it is with 1 WUS shared resource (group L is legacy UE rel.15). In (d) the UE WUS groups are equally distributed and there is also a dedicated WUS resource for legacy (L) UE rel.15. Similar approach or example can be used for NB-IoT.


Figure 1: Group WUS distribution in multiple resources
Observation 2: On multiple WUS resources, the number of UE groups can be equally/unequally distributed to those WUS resources, which is in line with agreements [11].
Considering many UE groups can be supported on multiple WUS resources, the WUS grouping assignment to a WUS resource should be based on certain criteria or objective. One of the objectives is to support fairness in paging performance such that blocking is avoided/minimized, reduced false wake-up and low UE power consumption. For example, for fairness, assuming there are two TDM-ed WUS resources each with 3 WUS groups as illustrated in Figure 3. In this example, if being paged, UE in group 4-6 will always “wake-up” earlier than the UE in group 1-3 and lead in increasing power consumption, since the gap between the PO and the WUS is larger.



Figure 2: Illustration of TDM-ed 2 WUS resources
Observation 3: Some of UE-groups may have better mapping than the others. (e.g the UE groups assigned in a non shared WUS resource). 
The WUS grouping assignment to WUS resources should target to support fairness in paging performance such that blocking is avoided, reduced false wake-up, and low UE power consumption.

An example of the configurability is shown in  Figure 3. Here, there are 8 UE groups distributed equally and a shared WUS resource. UE groups are rotated across different WUS/PO occasion.



Figure 3: Rotation of UE groups between WUS resources at different POs
Observation 4: To support fairness, the WUS group can be rotated between different WUS resources, which is in line with agreements [11].

We consider configurability options to provide fairness among WUS groups in multiple WUS resources. If the groups can switch from one WUS resource to another then fairness issue as shown in Figure 3 can be achieved.

Observation 5: Configurability mechanism to enable UE group to be changed among WUS resources can result in achieving the aforementioned target.
The discussion above shows the configuration/mapping procedure of WUS and its resources strongly influence the possible energy saving and paging latency.

Furthermore, various base-stations in a network could be configured differently and UE can move from one base-station to another, via cell re-selection. Hence, a UE needs to be aware of the cell-specific WUS configuration prior to the WUS reception. 

Observation 6: On supporting configurability to enable UE groups to be changed among WUS resources, consideration is needed for the case when the UE moves between different cells, i.e. the mapping between WUS group and WUS resource needs to be understandable by the UE when moving between cells in Idle/Inactive mode.
For the remaining open issue, FFS: A different number of WUS resources can be configured for each gap type (DRX, eDRX short, eDRX long, we think that this should be configurable and upto network preference, so that both the gap length between the WUS resources and PO can vary depending on the gap type, as well as the number of WUS resources for the different gap types.

Observation 7: The number of WUS resources may vary depending on gap type, which is in line with agreements [12].
For the remaining open issue; FFS Mapping of paging probabilities to WUS group, this open issue was a bit unclear, since in our understanding the mapping of a specific paging probability to a certain UE is up to the MME, and then it is up to the gNB to map the paging probability to a WUS group and/or WUS resources, as per earlier agreements.
Proposal 1: The mapping of a specific paging probability to a certain UE is up to the MME, and it is up to the gNB to map the paging probability to a WUS group, as per earlier agreements.
An eNB must be configured with the number of supported groups and the number of WUS resources allocation as described earlier. In practice, it could be the case that all eNBs within an area have the same number of supported groups but with different numbers of WUS resources depending on the cell load or cell planning. In terms of UE operation, firstly the UE needs to know which group it belongs to, particularly if the grouping is based on paging probability. Secondly, the UE needs to know which WUS resource the UE needs to monitor and which WUS sequence is to be used. It has been agreed that a UE only needs to monitor one WUS resource. Hence, the UE needs to monitor one out of up to 4 WUS resources at a time. In order to support UEs with group WUS operation, both implicit and explicit parameters are required, particularly to support dynamic mapping to enable UE group to be changed among WUS resources as agreed in RAN1 #98. Implicit parameters shall be defined to minimize the number of bits required for explicit parameters between eNB and UE. Explicit parameters related to the dynamic mapping can be gWUS resource-config and gWUS numGroups, that have been agreed in RAN1#98bis.

There are up to 4 possible WUS resources in eMTC and configurability means the groups can be changed among WUS resources. To support the dynamic mapping, a WUS resource and WUS resource numbering must be defined. This can be used as a reference/initial WUS resource index. The WUS resource (R1) as shown in 2 can be considered as WUS reference. In practice, this can be where WUS resource for a legacy UE is defined. 

An example of the configurability is shown in Figure 3 above. Here, there are 8 UE groups distributed equally and 4 shared WUS resources. UE groups are rotated across different WUS resources for each WUS/PO occasion and/or as function of SFN number. In the first occasion UE WUS group1 (g1) monitors WUS resource index #0, in the subsequent occasion UE WUS group1 (g1) monitors WUS resource index #1, and so on.

Proposal 2: The dynamic mapping of a WUS resource for a WUS group should be based on the initial WUS resource index (reference) and time reference number (e.g. SFN, DRX cycle).  

3 Conclusions

In this contribution, the following observations and proposals are made:
Observation 1: Considering there are multiple WUS transmissions at the same time, the eNB needs to map those WUS to the physical resources (WUS resource) and makes the UE be aware of that mapping.
Observation 2: On multiple WUS resources, the number of UE groups can be equally/unequally distributed to those WUS resources. However, we prefer equally distributed one, which is in line with agreements [11].
Observation 3: Some of UE-groups may have better mapping than the others. (e.g the UE groups assigned in a non shared WUS resource). 

Observation 4: To support fairness, the WUS group can be rotated between different WUS resources, which is in line with agreements [11].

Observation 5: Configurability mechanism to enable UE group to be changed among WUS resources can result in achieving the aforementioned target.
Observation 6: On supporting configurability to enable UE groups to be changed among WUS resources, consideration is needed for the case when the UE moves between different cells, i.e. the mapping between WUS group and WUS resource needs to be understandable by the UE when moving between cells in Idle/Inactive mode.
Observation 7: The number of WUS resources may vary depending on gap type which is in line with agreements [12]
Proposal 1: The mapping of a specific paging probability to a certain UE is up to the MME, and the it is up to the gNB to map the paging probability to a WUS group, as per earlier agreements.

Proposal 2: The dynamic mapping of a WUS resource for a WUS group should be based on the initial WUS resource index (reference), and time reference number (e.g. SFN, DRX cycle).
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