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1	Introduction
The Rel-16 Work Item Descriptions for LTE-M [1] and NB-IoT [1] contain a common objective on enhancing the wake-up signal (WUS) that was introduced in Rel-15:
	
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]




So far the following GWUS RAN1 agreements have been made that are relevant for RAN2:
	
Agreement
UE-group WUSs are only multiplexed in the same NB/carrier as associated PO
· FFS TDM/[FDM]/CDM for UE-group (M/N)WUS multiplexing
 
Agreement 
· UE-group (M/N)WUS is supported based on eNB’s and UE’s capability.
· Whether the network supports UE-group (M/N)WUS is done by higher layer signalling.
· FFS: The number of UE groups is configured by SIB.
· Note that the UE-group (M/N)WUS is UE optional

Agreement
UE grouping is based on at least UE ID or some function of UE ID

Agreement
Configuration of group WUS is at least signaled in SI

Agreement
A Rel-16 group WUS capable UE shall also be capable of Rel-15 legacy WUS

Agreement 
The number of UE groups is configurable and broadcasted in SIB.
· FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO


Agreement
UE group ID is used as a parameter to generate WUS UE group sequence(s).

Agreement
· A UE is required to monitor WUS(s) in only one WUS (time/frequency) resource location.

Agreement
If configured, a common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.
· FFS: Whether the above is also applicable for Rel-15 WUS UEs
· FFS: Whether to additionally support the feature of waking up a subset of all WUS UE groups

[bookmark: _Toc5719908][bookmark: _Ref5352343]Agreement [NB-IoT]
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.

[bookmark: _Toc5719912]Agreement [NB-IoT]
Group WUS location in relation to legacy WUS may be configured such that:
· [bookmark: _Toc5719913][bookmark: _Hlk5352570]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,
· [bookmark: _Toc5719914]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.

[bookmark: _Toc5811409]Agreement
· Per default, all gaps use the same group WUS configuration regarding number of groups and group WUS resource allocation.
· Optionally, eDRX gap(s) may be configured individually if separate from the DRX gap.

Agreement [LTE-M]
Rel-15 WUS and Rel-16 WUS can be configured on the same legacy WUS resource via SI
· FFS explicitly or implicitly
· Same WUS parameters are assumed for both Rel-15 and Rel-16 WUS in case both are on the same legacy WUS resource

Agreement  [LTE-M]
If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, a common WUS for all the group WUS UEs in the same WUS resource can be configured to be legacy WUS or a non-legacy WUS.




So far the following GWUS RAN2 agreements have been made:
	
RAN2#103bis agreements:
The aim of UE grouping for WUS is reducing the false alarm probability.
At least UE_ID based grouping is supported for UE-Group based WUS. This doesn’t exclude other options.
Further discuss whether the following are supported:
· Service based grouping 
· DRX/eDRX based grouping 
· Gap based grouping. 
· Coverage based grouping

RAN2#104 agreements:
Further discuss the benefit and feasibility of using service based parameters for grouping in addition to UE-ID.
Can discuss group distribution further, including Rel-15/16 mechanism interaction, once we know more about number of groups and more about the grouping solution (e.g. service based parameters).
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#105bis agreements:
Additional grouping based on DRX/eDRX is not supported
Coverage based grouping is not supported
Additional grouping based on gap is not supported
· FFS whether number of groups can depend on gap duration.




In this contribution we discuss RAN2 related general aspects of WUS groups related to service based groups. 
[bookmark: _Ref178064866]2	Discussion
2.1	Service based WUS grouping
It has already been agreed that the WUS UE-grouping should be based on at least UE_ID. (We cover the WUS group mapping based on UE_ID in a separate paper). Further, service-based grouping was a topic in the RAN2 email discussion 104#42 where it was agreed that the service-based WUS groups can be further discussed for either paging probability and/or mobility:
Feasibility of the solution based on the following attributes for deriving the service-type for GWUS can be studied further:
· Paging Probability
· Mobility.

The difficult part is to show a practical solution for these cases where there would be obvious gains to motive the added complexity. This is what remains to be sorted out in RAN2 and unless the gains are clear compared to “random” grouping based on UE_ID none of these solutions should be supported.

[bookmark: _Toc7754233]Any service-type WUS grouping solution should be supported only if practical gains are clear.

2.1.1	Paging probability based WUS grouping
As stated in the beginning of Section 2.1, the gain of Rel-16 group WUS comes from reduced false paging probability (per PO). For a specific UE it is therefore of interest to lower the probability that the UE is woken up by a paging message intended for another UE. If no paging probability information is available for UEs, this can be achieved by having a UE sharing WUS group with as few other UEs as possible. This is essentially what is achieved by the already agreed uniform UE distribution in WUS groups based on UE_ID.

Having knowledge about paging probability per PO for all UEs could, in principle, help to further reduce the false paging probability. However, there is no way to determine a UE’s paging probability from existing information elements. That is, e.g., just because two UEs have the same eDRX cycle length it does not mean they have the same paging probability per PO and thus can be put in the same group. Even if the type of service was known, the same service can be used but with different frequency/intensity. 

[bookmark: _Toc7738097]Having paging probability based WUS grouping could in principle reduce false paging rate for UEs with low paging probability but requires a lot of complexity and new MME-eNB interaction to work.
Further, note that the paging probability cannot be determined from any ‘MO/MT service type indicator’ as proposed in R2-1903418. This since it is not certain that a MO service has lower paging probability than a MT service. For a MO service a longer eDRX would typically be used which increases the paging probability, and for an actuator with the requirement short DL latency but which is rarely used (e.g. turning a lamp on/off) the paging probability would be very small.

[bookmark: _Toc7738098]Paging probability cannot be deduced from whether the traffic is Mobile Originated or Mobile Terminated.
The paging probability can neither be deduced from the inter-arrival time (IAT) of the data as suggested in R2‑1903380. The argument given is that a UE with short IAT would be configured “accordingly” with a short eDRX. This is incorrect since the eDRX only depends on the requirements for DL reachability and has nothing to do with the periodicity of the uplink transmissions.

[bookmark: _Toc7738099]Paging probability cannot be deduced from the inter-arrival time of the data.
Further, there are many other things affecting the paging probability; the paging configuration, UE capabilities, the number of paging narrowbands/carriers, etc. For example, even if assuming the traffic and all configuration, such as eDRX, is exactly the same for two UEs, the false paging probability will still not be the same if e.g. one UE supports Rel-14 paging on non-anchor carriers but the other UE does not. Determining the paging probability would therefore require both existing information available in MME and in eNB, and hence new signaling to exchange this information somehow. Further, since any service information would likely not be exact but an estimation, the paging probability could also only be estimated at best). Some may argue that the information fields stored in CN, e.g. from Rel-15 ‘Subscription UE Differentiation Information’, could be used to estimate the paging probability of a UE. Even if such information is available and may be provided in subscription information the implementation of this Rel-15 feature should not be a pre-requisite for Rel-16 GWUS in our view. (A second problem is if such information could be trusted should there be different vendors for the eNB and CN).

[bookmark: _Toc7738100]Service type, i.e., Mo/MT originating traffic, eDRX configuration, etc. are not sufficient to derive paging probability per PO for a UE. 
[bookmark: _Toc7754234]Functionality to store subscription related information in the CN, e.g., Rel-15 ‘Subscription UE Differentiation Information’, should not be a pre-requisite for Rel-16 GWUS.
Any realistic solution could therefore not be based on blindly trusting CN information about the service type, but rather it would be left to MME implementation to sort UEs in different paging probability classes with the information it has available, and possibly observation of UEs traffic patterns. That is, an MME would unlikely dare to configure a UE with a paging probability based group from start and such mechanism would only be used later to override the default grouping based on UE_ID. This means that some WUS groups would have to be reserved for paging probability groups which cannot be used as UE_ID groups. Vice versa, all groups cannot be used for paging probability groups in case that new UEs arrive.

[bookmark: _Toc7738101]Probability based WUS grouping in combination with UE_ID based grouping would lead to fragmentation and possibly inefficient use of resources.
 
To make things more concrete for the discussion’s sake, a practical solution could be outlined as follows (step 1 and 2 is just UE_ID based grouping):
1. A new UE enters system and would upon initial Attach inform the MME about its GWUS capability. 
2. Later upon paging, the GWUS paging UE capability is appended to eNB and from a specified equation it would be clear to both UE and eNB in which WUS group the UE should be paged given the number of WUS groups configured in the cell.
3. After observation of the UEs traffic, and/or possibly input from subscription information, the MME would over NAS configure the UE with a paging probability class. E.g. PP-Low, PP-Med, PP-High.
4. Upon paging, from another specified equation the paging probability classes would be mapped to the number of configured WUS groups for paging probability based group WUS to make it clear to both UE and eNB in which WUS group the UE would be paged.

The solution quickly gets complex and any gains would have to be rather large to motivate it. That is, if for example RAN1 agrees that 16 code sequences can be used for GWUS, 12 WUS groups may be configured for the UE_ID based grouping, a first expression/equation must be specified to distribute UEs in these groups from their UE_ID, and a second expression/equation must be specified to map the three paging probability classes to the remaining 4 WUS groups.

Even worse, note that paging probability class in step 3 is just an indication based on the MME’s knowledge and not the full paging probability, this since eNB parameters affecting the paging probability. That is, any paging configuration which is the same for all UEs (e.g. defaultPagingCycle, nB, etc.) would affect the paging probability but in the same way for all UEs and hence the relative paging probability of classes PP-Low, PP-Med, and PP-High would be conserved. However, any UE-specific capabilities would not conserve the relative paging probability and hence the PP-Low, PP-Med, and PP-High classes would no longer be valid. For example, assume based on service type and eDRX configuration a UE is labelled as PP-Low by the MME, and the UE supports Rel-14 non-anchor paging (IE multiCarrierPaging). This UE may then monitor paging on a non-anchor carrier where the paging probability is in fact low (~PP-Low), or it may be unfortunate and end up monitoring paging on the anchor carrier where there are several UEs not capable of non-anchor paging and hence the paging probability is rather corresponding to PP-High than to the intended PP-Low. Other UE-specific paging parameters would in the same way complicate the mapping to paging probability, such as mixedOperationMode-r15 and wakeUpSignalMinGap-eDRX-r15, and result in an unfair distribution among UEs since the PP classes are no longer valid.

In principle the eNB could inform the MME about the paging related configuration what would impact the paging probability. However, it is not a feasible solution that all eNBs in a Tracking Area inform the MME about the number of paging carriers, the mixed operation mode, and WUS eDRX gaps used for the MME to be able to more accurately estimate the paging probability classes of UEs. 
Yet another aspect to consider it the characteristics of the paging probability, it may not be so simple that the paging probability is uniform of all the UEs POs. Any variance would further complicate matters.

[bookmark: _Toc7738102]UE-specific paging capabilities and the associated eNB paging configuration makes it impossible for the MME to determine the paging probability in practice.
[bookmark: _Toc7754235]Service based WUS grouping based on paging probability is not supported in Rel-16.

2.1.2	Mobility based WUS grouping
There will be unnecessarily high power consumption for a UE which is rarely paged (low paging probability) if it is sharing WUS UE-group with a UE that is paged often. A UE with high paging probability will unnecessarily wake up other UEs with low paging probability sharing the same PO. However, if a UE is mobile and cannot be reached by the NW in the last-known cell, the paging will be escalated and the paging area will be extended in order to reach the UE. Therefore, instead of only increasing the probability of false paging for UEs in the same cell, a mobile UE can increase the probability of false paging for all UEs in a larger set of cells, sometimes even the entire Tracking Area.
[bookmark: _Toc7738103]A mobile UE may increase the false paging rate not only in one cell but in the entire Tracking Area.
In our corresponding RAN1 contribution the impact of the number of WUS groups on the false paging rate is studied, but also the impact due to mobile UEs. When dashed lines are compared to solid lines in Figure 1 it can be observed that false paging rate caused by a mobile UE can be up to two orders of magnitude higher than that from a stationary UE assuming a Tracking area of 100 eNBs (i.e., roughly corresponding to the number of cells in a Tracking Area). 
[image: ]
[bookmark: _Ref448830]Figure 1: False paging rate for the stationary case (solid lines) and mobile case (dashed lines) as a function of the UE paging rate.
Therefore, there would be clear gains from having separate treatment for mobile UEs. As for a practical solution, one WUS group could be configured to be reserved for mobile UEs. In this context, the definition of a mobile UE would be a UE not monitoring paging in its “last known cell”, where the latter corresponds to the last reporting of UEs whereabouts to the NW, e.g. given by the IE ‘Cell Identifier and Coverage Enhancement Level’ in TS 36.413. This is the cell where UE established its last connection prior to monitoring for paging.
For a UE this would mean that if it is monitoring paging in its “last known cell” it will use the ordinary procedure, i.e. monitor the WUS group as determined by its UE_ID. If it is monitoring paging in any other cell, it will monitor the WUS mobility group instead (before any TAU, NAS signaling, or connection which would update the “last known cell” that is).
For the NW this would mean if the UE is paged in its “last known cell” the ordinary procedure is used, i.e. the UE is paged in the WUS group as determined by its UE_ID. If the UE is paged in any other cell, it will be paged using the WUS mobility group instead (again, before any TAU, NAS signaling, or connection which will make the UE’s cell known to the NW).

[image: ]
Figure 2: Illustration of mobility WUS group monitoring in A) the last-known cell, and B) any other cell.
In this way, it will be ensured that a UE that re-selects cell will not cause false paging for UE is multiple cells, up to the entire Tracking Area.

[bookmark: _Toc7754236]A configurable mobility WUS group is supported which can be used for paging in all other cells than the last-known cell (i.e. the last cell the UE were in RRC_CONNECTED). 

2.2	Common WUS
It is in the interest to support common paging and wake up several UEs up at a time, either for SI update, direct indication or for paging multiplexing. This addresses the ‘improved DL transmission efficiency’-part of the WI-objective. Starting with common paging, e.g. SI change notification which must reach all UEs, it is not feasible if the eNB must page all WUS UE-groups individually. RAN1 has made the following related agreement to support a common WUS:
If configured, a common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.
· FFS: Whether the above is also applicable for Rel-15 WUS UEs
· FFS: Whether to additionally support the feature of waking up a subset of all WUS UE groups

In RAN1#96bis it was further agreed that it would be possible to use the Rel-15 WUS as common WUS for LTE-M:
If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, a common WUS for all the group WUS UEs in the same WUS resource can be configured to be legacy WUS or a non-legacy WUS.
This means that if the Rel-15 WUS is configured as common WUS there will be an unequal treatment of Rel-16 GWUS UEs: The Rel-16 GWUS that share the WUS resource with Rel-15 WUS UEs will have an increased false paging probability compared to those who do not since they will be falsely woken up every time a Rel-15 UE is paged. In RAN1, it has been proposed to introduce a weight-based scheme between WUS groups to be able to counter act this. In our view this would not worth the complexity considering the benefits and should be avoided. Some reasons are listed below:
A. As discussed above it is not straight forward to calculate the paging probability and therefore eNB has no means to configure the weights to ensure equal paging probability in the WUS groups.
B. The paging carriers already have weights and having a second layer of weights for the WUS groups may not only be overly complex but introduce unforeseen problems.
C. The weights would have to be configured by the eNB, but the eNB has no knowledge of the MME information for estimating the paging probability (eDRX, PSM, CN subscription-based info, etc.) and therefore eNB could not do much more than balancing the number of UEs in the groups.
D. For Rel-14 NB-IoT non-anchor paging the weights are only introduced to balance the number of UEs over the carriers, here the intention is to balance the paging probability which is not possible due the first bullet above and further UE-specific capabilities would have to be taken in to account, for UEs that may not even be in the cell.
In our understanding the above RAN1 agreement is motivated only in the case where there are no or very few Rel-15 WUS UEs in the cell. In such case the slight increase in false paging due to Rel-15 WUS paging could be ignored. The problem is of course that can in practice be difficult to know that, but if Rel-15 WUS is not implemented at all but Rel-16 GWUS is then it would be obvious.
In case there are many Rel-15 WUS UEs, the sensible solution is to instead configure a Rel-16 GWUS as the common WUS. The drawback is of course that in case of common paging (e.g. SI update) the Rel-15 WUS UEs and Rel-16 GWUS UEs sharing a WUS resource cannot be paged in the same PO but would have to be reached in two POs instead. Given that the BCCH modification period is rather long, especially in cells supporting CE, we don’t foresee a problem with this.
[bookmark: _Toc7738104]Using Rel-15 WUS as a common WUS should only be configured in case of no/few Rel-15 WUS UEs.
[bookmark: _Toc7754237]From RAN2 point of view,weights are not supported for Rel-16 WUS groups.

2.3	NB-IoT paging multiplexing
In the case of a narrow 200 kHz NB-IoT system, however, with all DL transmissions and some long due to high CE, it can be especially challenging to be able to time multiplex Rel-15 WUS and Rel-16 Group-WUS to be able to reach all UEs within the BCCH modification period (also depending on RAN1 design). Therefore, it would be beneficial to have the flexibility to separately configure Rel-15 WUS and Rel-16 Group-WUS on different paging carriers. (For LTE-M there are 4 PRBs available in the narrowband not used for Rel-15 WUS so here the problem is not prominent). If needed, Rel-16 Group-WUS could then be configured on some carriers/narrowbands and Rel-15 WUS on others. Note that this would not have a backwards compatibility issues since a UE is only either monitoring Rel-15 WUS or Rel-16 GWUS (not considering common WUS).
[bookmark: _Toc7754238]Rel-15 WUS and Rel-16 Group-WUS may be configured individually for NB-IoT paging carriers.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Having paging probability based WUS grouping could in principle reduce false paging rate for UEs with low paging probability but requires a lot of complexity and new MME-eNB interaction to work.
Observation 2	Paging probability cannot be deduced from whether the traffic is Mobile Originated or Mobile Terminated.
Observation 3	Paging probability cannot be deduced from the inter-arrival time of the data.
Observation 4	Service type, i.e., Mo/MT originating traffic, eDRX configuration, etc. are not sufficient to derive paging probability per PO for a UE.
Observation 5	Probability based WUS grouping in combination with UE_ID based grouping would lead to fragmentation and possibly inefficient use of resources.
Observation 6	UE-specific paging capabilities and the associated eNB paging configuration makes it impossible for the MME to determine the paging probability in practice.
Observation 7	A mobile UE may increase the false paging rate not only in one cell but in the entire Tracking Area.
Observation 8	Using Rel-15 WUS as a common WUS should only be configured in case of no/few Rel-15 WUS UEs.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Any service-type WUS grouping solution should be supported only if practical gains are clear.
Proposal 2	Functionality to store subscription related information in the CN, e.g., Rel-15 ‘Subscription UE Differentiation Information’, should not be a pre-requisite for Rel-16 GWUS.
Proposal 3	Service based WUS grouping based on paging probability is not supported in Rel-16.
Proposal 4	A configurable mobility WUS group is supported which can be used for paging in all other cells than the last-known cell (i.e. the last cell the UE were in RRC_CONNECTED).
Proposal 5	From RAN2 point of view,weights are not supported for Rel-16 WUS groups.
Proposal 6	Rel-15 WUS and Rel-16 Group-WUS may be configured individually for NB-IoT paging carriers.
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