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1	Introduction
The Rel-16 Work Item Descriptions for LTE-M [1] and NB-IoT [2] 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 
If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, the common WUS sequence for all the group WUS UEs in the same WUS resource can be configured to be the Rel-15 WUS sequence or a Rel-16 WUS sequence.




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.

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.




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 (see agreement above)

The difficult part is to show a practical solution for these cases where there would be obvious gains to motivate 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. 


2.1.1	Paging probability based WUS grouping
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 (i.e. random grouping).

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: _Toc16781597]Paging probability based WUS grouping could in principle reduce false paging rate for UEs with low paging probability but it introduces a lot of complexity and new MME-eNB interaction to work.
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 new signaling to exchange this information somehow. Further, since any service information would likely not be exact but an estimation, the paging probability would also be an estimate. 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 if there are different vendors for the eNB and CN).

[bookmark: _Toc16781598]Service type, i.e. MO/MT originated traffic, eDRX configuration, etc. are not enough to derive paging probability per PO for a UE. 
[bookmark: _Toc16781605]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 class from start and such mechanism would only be used later to override the default grouping based on UE_ID. In practice this would mean that the MME would set up paging probability classes and assign each UE to one class. eNB would be free to configure any number of WUS groups, but the paging probability classes (in MME) would have to be mapped to the WUS groups (in eNB). Futher, the WUS groups and how they are mapped to the paging probability classes would have to be broadcast in SI by eNB. 

[bookmark: _Toc16781599]Propability based grouping requires mapping of MME paging probability classes to the eNB WUS groups, and that eNB broadcast this mapping information in SI.

The solution quickly gets complex and any gains would have to be rather large to motivate it. In addition,  if there are different numbers of UEs in the paging probability classes this could lead to very different numbers of UEs in the WUS groups, causing suboptimal performance. Note that it would not help to forward any info on the number of UEs in each paging probability class from MME to eNB since the eNB anyway will not know which UEs are in its cells.

[bookmark: _Toc16781600]Since eNB has no knowledge of how many UEs are in its cells, paging probability based groping may lead to suboptimal performance.

Note that paging probability class is just an indication based on the MME’s knowledge and not the full or exact paging probability, this since eNB parameters, such as the number of paging carriers etc., will affect 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.

Yet another aspect to consider it the characteristics of the paging probability, it may not be so simple that the paging probability is uniform in all the UEs POs, i.e. it may vary in time for a UE. Any such variance would further complicate matters.

[bookmark: _Toc16781601]UE-specific paging capabilities and the associated eNB paging configuration makes it impossible for the MME to determine the paging probability in practice.

2.1.2	WUS grouping performance analysis
In R2-1906161 a performance analysis is given. From convenience the results are reproduced here in Figure 1.
[image: ]
[bookmark: _Ref13301754]Figure 1: Reproduced performance analysis from R2-1906161.
From this it is concluded that if the number of UEs actually being paged is equal or larger to the number of UE_ID based WUS groups, the GWUS for a group will (in average) always be transmitted and there will be no reduced false paging. We agree with how the analysis is performed and the argumentation. However, there are some aspects to highlight which can change the conclusion.
From Figure 1 it is seen that it is DRX cycles of 5s and 10s that are most problematic (T=512, T=1024). This is due that the paging load in this case is relatively high and the configured nB values, which are at the end of the value range, provides rather few POs overall. A more sensible NW configuration would be to have higher nB values and more dense POs in such cases, an example of this is plotted in Figure 2.
[image: ]
[bookmark: _Ref13302109]Figure 2: Number of UEs being paged in a PO as a function of the DRX cycle, PO density and number of paging carriers/narrowbands for lower nB.
As a result, the number of UEs paged per PO is considerably much lower. As proposed in our accompanying RAN1 contributions a larger number of WUS groups is beneficial, and in the case of Figure 2 16 UE_ID based groups would provide a low false paging rate. (Note that, at least for LTE-M the total number of WUS groups will also be a factor of the number of WUS resources used, i.e. NrResources*configuredGroups=totalNrWUSgroups).
At a given paging load, the DRX cycle T will by itself actually not matter for the results, and a fairer comparison is to use the same density of POs per radio frame, i.e. the same nB/T value. This is plotted in Figure 3.
[image: ]
[bookmark: _Ref13302462]Figure 3: Number of UEs being paged in a PO as a function of the DRX cycle, PO density and number of paging carriers/narrowbands for fixed nB.
Naturally the results are now identical since the same PO density is provided for all DRX cycles T. This emphasizes the need to configure the PO density (nB) according to the paging load, and it is the same for legacy not using WUS. If not configured correctly, e.g. in the worst case of Figure 1, WUS in any form, Rel-15 nor Rel-16, would have little or no gain. However, the group WUS based on UE_ID will always provide a gain in false paging reduction corresponding to the number of WUS groups used (i.e. compared to Rel-15 WUS).
[bookmark: _Toc16781602]nB must be configured according to the paging load (as for legacy) and UE_ID based GWUS will always reduce the false paging compared to Rel-15 WUS.
It is also in most cases unrealistic that UEs which receive a downlink payload every 24h or 2h (see traffic model in TR 45.820) would use the default DRX and not eDRX with PTW. This will greatly impact the false paging rate. I.e. if a UE which is expected to receive one DL transmission per day is configured with 2.56s DRX cycle, a long battery life can of course not be expected. A more reasonable configuration would be a 3h eDRX cycle with non-overlapping PTW which would greatly reduce the false paging rate. 
[bookmark: _Toc16781603]UEs with very infrequent DL traffic should, if possible, be configured with long eDRX rather than DRX.
This emphasizes that GWUS is just an optimization of WUS, it will always provide somewhat better results than Rel-15 WUS but neither Rel-15 WUS nor Rel-16 GWUS can provide large gains in ill-configured systems. 
Since GWUS is an optimization of the Rel-15 WUS feature it, in our view, therefore is reasonable to keep it as simple as possible. The gains in the case of High Paging Probability (IAT=1h) and Low Paging Probability (IAT=24h) shown in R2-1906620, could in our view more easily be achieved by only configuring WUS for the Low Paging Probability group in the first place. That is, the large complexity and CN impact of specifying paging probability based WUS grouping can be avoided if only simple UE_ID based WUS grouping is introduced and only configured for UEs with low paging probability. (UEs with high paging probability will not be configured with WUS at all since they anyway will have a very limit UE energy consumption reduction, or even an increase, from using WUS).
[bookmark: _Toc16781606]Paging probability based WUS grouping is not supported in Rel-16.

2.2	Common WUS
It is in the interest to support common paging and wake up several UEs 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 and RAN1#97 it was further agreed that it would be possible to use the Rel-15 WUS as common WUS (slight different formulation for LTE-M and NB-IoT):
If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, the common WUS sequence for all the group WUS UEs in the same WUS resource can be configured to be the Rel-15 WUS sequence or a Rel-16 WUS sequence.
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 be 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 (in a statistical manner), here the intention is to balance the paging probability which is not possible since eNB doesn’t even know which UEs are in the cell. (i.e. paging probability and due UE-specific information cannot be used).
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 acceptable or ignored.
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: _Toc16781604]Using Rel-15 WUS as a common WUS should only be configured in case of no/few Rel-15 WUS UEs.
[bookmark: _Toc16781607]From RAN2 point of view, weights are not supported for Rel-16 WUS groups.

2.3	NB-IoT paging multiplexing
[bookmark: _GoBack]In the case of a narrow 200 kHz NB-IoT system, however, it can be 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). This since DL transmissions must be multiplexed in time domain and transmission can be very long due to high CE. 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: _Toc16781608]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	Paging probability based WUS grouping could in principle reduce false paging rate for UEs with low paging probability but it introduces a lot of complexity and new MME-eNB interaction to work.
Observation 2	Service type, i.e. MO/MT originated traffic, eDRX configuration, etc. are not enough to derive paging probability per PO for a UE.
Observation 3	Propability based grouping requires mapping of MME paging probability classes to the eNB WUS groups, and that eNB broadcast this mapping information in SI.
Observation 4	Since eNB has no knowledge of how many UEs are in its cells, paging probability based groping may lead to suboptimal performance.
Observation 5	UE-specific paging capabilities and the associated eNB paging configuration makes it impossible for the MME to determine the paging probability in practice.
Observation 6	nB must be configured according to the paging load (as for legacy) and UE_ID based GWUS will always reduce the false paging compared to Rel-15 WUS.
Observation 7	UEs with very infrequent DL traffic should, if possible, be configured with long eDRX rather than DRX.
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	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 2	Paging probability based WUS grouping is not supported in Rel-16.
Proposal 3	From RAN2 point of view, weights are not supported for Rel-16 WUS groups.
Proposal 4	Rel-15 WUS and Rel-16 Group-WUS may be configured individually for NB-IoT paging carriers.
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