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1 Introduction

In RAN#80, new WI on Rel-16 eMTC and NB-IoT enhancements were agreed [1][2]. The following objective is included in both of these two WID: 
Improved DL transmission efficiency and/or UE power consumption:

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

In RAN1 #94，the following agreements have been made:
	· UE-group WUSs are only multiplexed in the same NB as associated PO

· FFS TDM/FDM/CDM for UE-group MWUS multiplexing

· UE-group MWUS is supported based on eNB’s and UE’s capability.

· Whether the network supports UE-group MWUS is done by higher layer signalling.

· FFS: The number of UE groups is configured by SIB.

· Note that the UE-group MWUS is UE optional


In this paper, we will provide consideration on some issues of introducing UE-group wake-up signal in RAN2 and give our proposals.

2 Discussion
2.1 Necessity for UE-group WUS 
In Rel-15, a wake-up signal (WUS) is configured for the UEs which monitor the same PO and the eNB sends WUS before a PO if at least one UE would be paged in this PO. All of the UEs monitoring this PO may be awakened by WUS. But some UEs are awaked unnecessarily since there may have no paging for them. For these UEs, not only the benefit of introducing WUS cannot be achieved, but also the power consumption would be increased due to additional monitoring of the WUS. 

In Rel-15 specifications, the WUS parameters are configured based on the UE category (DRX UE or eDRX UE). And for the eDRX UE, two kinds of time-offset between end of WUS and start of the first PO of the numPOs POs, e.g., timeoffset-eDRX-Short or timeoffset-eDRX-Long could be configured. Based on the configuration, in order to guarantee all the UEs with different gap can detect the WUS, several WUS signals may be sent before a certain PO. The example in following figure 1 is for reference:
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Fig1-1: WUS timing

It can be seen as that the R15 UEs monitoring the same PO already can be implicitly divided into up to three groups according to their gap type (i.e., DRX/eDRX configuration and WUS processing capability). For example, for a certain PO, if there has no paging for UEs with eDRX configuration, the WUS corresponding to eDRX gap would not be sent and then the UEs with eDRX would not detect WUS (even there may still exist WUS corresponding to DRX gap). 
Observation 1:  The R15 UEs monitoring the same PO can be implicitly grouped by gap type (i.e., DRX/eDRX configuration and WUS processing capability). There may have different WUS signals for the UEs with different gap type.

However, if the number of UEs with same gap type and monitoring the same PO is large, the proportion of the UEs which are awakened but not paged (false awakening) may be still high. 
Observation 2:  For the UE with same gap type, there still exist the issue of false awakening.
Therefore, we should consider to further differentiate WUS for different UE groups in all the UE with same gap type in order to make a WUS signal awake as little UE as possible, e.g., only UEs in a certain group would be awakened by a WUS. If there have no paging for the UEs in other groups, the WUS related to other UE groups would not be transmitted and then those UEs would not be awakened. 
Proposal 1: A new type WUS for further grouped UEs with same gap type should be introduced in Rel-16.
Based on the previous assumption that WUS is already implicitly grouped based on the UE gap type, it can be considered that the further grouping mechanism would be configured for each gap type.
Proposal 2: The parameters of new type WUS can be configured per gap type. 
2.2 UE-group WUS

2.2.1 Number of further UE groups
In the new further grouping mechanism, the number of further UE groups, e.g., the number of new WUS signals, should be specified firstly. To hardcode such number, e.g., 4 or 8, may be the simplest way. However, it’s easy to understand that the more UE groups, the fewer UE that are awakened, but the more overhead for transmitting several WUS signals. So it’s important to determine a suitable number for further UE groups with tradeoff between fewer awakened UEs and less WUS overhead. Moreover, as there may have different number of UEs in different cells, and the number of UEs with different gap type may be very different, a fixed group number would be not suitable and may has bad impacts on the efficiency of further grouping scheme. 

As generally the NB-IoT UEs have low mobility, it’s possible for the eNB to statistic the number of UEs with the same gap type based on the previous statistic for UEs in RRC_CONNECTED. Then it’s better to allow the eNB to configure the number of further UE groups per each gap type based on the statistic result. 
Proposal 3: It’s suggested to allow the eNB to configure the number of further UE groups per each gap type. 
In the Rel-15 WUS configuration, the value of WUS duration is configured as carrier-specific parameter. After WUS for further grouped UEs is introduced in R16, the value of WUS duration shall be determined with additional consideration on the number of further UE groups and the physical layer multiplexing option for several WUS signals. This can be discussed later based on RAN1 progress.

2.2.2 The dimension for further UE grouping

As it can be assumed that the paging for UEs are generally random, so uniformly grouping of all the UEs is more desired for getting UE fairness and high paging efficiency.
1) Based on UE-ID

Grouping UE based on UE_ID is a straightforward and most feasible option for uniformly grouping. However, in current specification, as the PO is calculated based on the result of UE_ID mod the number of paging resource groups. For the UEs with the same PO, the UE_IDs for these UEs are discretely distributed. This would make it not so easy to further group (uniformly) these UEs based on UE_ID (if the UE_IDs are continuously distributed, it may be easy to uniformly divide all the UEs into N groups with simple mod algorithm). . Furthermore, the weight of paging carriers have impacts on the UE distribution among all the paging carriers, this factor also needs to be considered in the further grouping algorithm based on UE_ID.
Observation 3: Further grouping UE for WUS based on UE_ID is a straightforward and most feasible option for uniformly grouping. But as UE_IDs for the UEs in same PO are discretely distributed, the further grouping algorithm may need optimization.
.
2) Based on traffic type

In general, it may be possible that the UEs with similar traffic type need to be paged at the same time while it’s less likely that the UEs with different traffic type are paged at the same time. If the UEs with similar traffic type are grouped and related to a same WUS, it would minimize false awakening of the UEs for a certain PO as all the UEs in this group would actually be paged. 

However, as the number of UEs that are belong to a different traffic type may be very different, that may cause that some groups are very big while the other groups are very small. Then the overhead or collision of paging responses for the big group may be serious. It’s may be not easy for eNB to solve this issue as eNB cannot differentially paging these UEs since they are included in a same group.  
The other important issues is, there has no explicit definition of the traffic type in eMTC. Even it has, it may be difficult to do mapping between traffic type and group for WUS as the number of traffic type may be large. The specification work may be complicated since it may also need input from other working groups, e.g, SA2. This is not desired.
Observation 4: Further grouping UE for WUS based on traffic type may minimize false awakening of the UEs for a certain PO. But such mechanism is some contradictory with the need of uniformly grouping. Much more specification work would be needed and it may have impacts on other working group.
3) Based on coverage level
If the UEs in the same PO are grouped based on the coverage level, the WUS duration can also be configured based on the coverage level which provides more efficient WUS transmission. However, as it’s highly possible that the difference among the number of UEs with different coverage levels or between the number of UEs with normal coverage UEs and with enhanced coverage is very large, that will cause that some groups are very large while other ones are very small. As mentioned above, such uneven grouping result is not desired. 
Moreover, as the eNB cannot know the latest coverage level of an idle mode UE, it’s not easy for the eNB to transmit WUS for an accurate group when paging for a certain UE is arrived. For example, the UE may change to coverage level 2 from coverage level 1, the eNB still triggers a WUS for group related coverage level 1 if the paging for this UE comes.
Observation 5: Further grouping UE for WUS based on coverage level may provide more efficient WUS transmission. But such mechanism is also some contradictory with the need of uniformly grouping. Moreover, as eNB cannot know the latest coverage level of an idle mode UE, it’s not easy for the eNB to transmit WUS for an accurate group.
Proposal 4: It’s suggested to further group UEs related to same PO based on UE_ID.
2.2.3 The coexistence of the new type WUS with the legacy WUS
If the new type WUS for further grouped UE is introduced in Rel-16, we should consider the coexistence of the new type WUS with the legacy WUS. The first issue is whether the Rel-16 UE would detect legacy WUS. If the R16 UEs would monitor the legacy WUS, in the scenario of SIB change, the eNB only needs to send legacy WUS to wake up both legacy UEs and R16 UEs. But in the cases other than SIB change, as the legacy WUS should be transmitted for R15 UEs, a R16 UE supporting new WUS is still risk on false awakening. Even if the R16 UE is not awakened by detecting legacy WUS, the UE needs to further detect Rel-16 new WUS. This will increase power consumption of R16 UEs. Therefore, it’s suggested that the Rel-16 UE supporting new type WUS would not detect legacy WUS before every PO in order to reduce unnecessary awakening.

Proposal 5: It’s suggested that the Rel-16 UE supporting new type WUS would not detect legacy WUS in order to reduce unnecessary awakening and power consumption.
2.2.4 UE-group WUS for SIB change
If proposal 5 can be agreed, the R16 UE only needs to monitor the new WUS in order to know whether or not it’s required to monitor MPDCCH in the following PO. But in the scenario of SIB change, it is much inefficient in signaling as the WUS signals for all the new UE groups are needed to be transmitted. So further study is needed. For example, it can be considered to introduce another common cell-specific WUS for R16 UE. Or it can be considered to let R16 UE only detect legacy WUS before a very few certain POs.
Proposal 6: It needs further study for efficient WUS transmission for indicating system information change after introducing the new type WUS for R16 UEs.
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:
Observation 1:  The R15 UEs monitoring the same PO can be implicitly grouped by gap type (i.e., DRX/eDRX configuration and WUS processing capability). There may have different WUS signals for the UEs with different gap type.

Observation 2:  For the UE with same gap type, there still exist the issue of false awakening.

Observation 3: Further grouping UE for WUS based on UE_ID is a straightforward and most feasible option for uniformly grouping. But as UE_IDs for the UEs in same PO are discretely distributed, the further grouping algorithm may need optimization.

Observation 4: Further grouping UE for WUS based on traffic type may minimize false awakening of the UEs for a certain PO. But such mechanism is some contradictory with the need of uniformly grouping. Much more specification work would be needed and it may have impacts on other working group.

Observation 5: Further grouping UE for WUS based on coverage level may provide more efficient WUS transmission. But such mechanism is also some contradictory with the need of uniformly grouping. Moreover, as eNB cannot know the latest coverage level of an idle mode UE, it’s not easy for the eNB to transmit WUS for an accurate group.
Proposal 1: A new type WUS for further grouped UEs with same gap type should be introduced in Rel-16.
Proposal 2: The parameters of new type WUS can be configured per gap type. 
Proposal 3: It’s suggested to allow the eNB to configure the number of further UE groups per each gap type. 
Proposal 4: It’s suggested to further group UEs related to same PO based on UE_ID.
Proposal 5: It’s suggested that the Rel-16 UE supporting new type WUS would not detect legacy WUS in order to reduce unnecessary awakening and power consumption.
Proposal 6: It needs further study for efficient WUS transmission for indicating system information change after introducing the new type WUS for R16 UEs.
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