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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 bis, the following agreements were made:
	For eMTC:

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

· The legacy UE should not be prevented from using legacy WUS even in the case of Rel-16 group WUS is enabled

· Performance impact on legacy WUS should be carefully considered

· Group WUS is based on at least legacy WUS and UE-group ID.

· Configuration of group WUS is at least signaled in SI

· A Rel-16 group WUS capable UE shall also be capable of Rel-15 legacy WUS
For NB-IoT:

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

· Whether the network supports UE-group NWUS is done by higher layer signaling.

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

· Note that the UE-group NWUS is UE optional

· From a RAN1, perspective, UE grouping is based on at least UE ID or some function of UE ID.

· The legacy UE should not be prevented from using legacy WUS even in the case of Rel-16 group WUS is enabled

· Performance impact on legacy WUS should be carefully considered

· Group WUS is based on at least legacy WUS and UE-group ID.

· Configuration of group WUS is at least signaled in SI

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

· Rel-16 UE-groups WUS with same DRX/eDRX gap configuration are multiplexed with TDM and/or single sequence CDM

· FFS: Whether single sequence CDM can include legacy WUS

· FFS: Multiplexing between Rel-15 and Rel-16 UE groups

· Note: Single sequence CDM is where different sequences share the same resource and only one sequence is transmitted at a given time


In RAN2 #103 bis, the following agreements were made:

	· 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


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

2 Discussion

2.1 The dimension for further UE grouping for WUS

(1) DRX/eDRX based grouping and Gap based grouping
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 types.

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 UEs 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. 
In last RAN2 meeting agreements, DRX/eDRX based grouping and Gap based grouping are listed for further discussion. Based on our above observation 1 and observation 2, we think DRX/eDRX based grouping and Gap based grouping are already supported in R15 and Gap based grouping can cover the DRX/eDRX based grouping. Therefore, we think it’s no need to discuss DRX/eDRX based grouping and Gap based grouping in R16. We only need to consider other grouping schemes for the UEs with same gap type.

Proposal 1: A new type WUS for further grouping UEs with same gap type should be introduced in Rel-16.
As it can be assumed that the paging for UEs are generally random, so uniformly grouping of all the UEs with same gap type and monitoring the same PO is more desired in order to get UE fairness and high paging efficiency. This should be the main requirement for the following possible grouping options.
(2) Service based grouping

In general, it may be possible that the UEs with similar service type need to be paged at the same time while it’s less likely that the UEs with different service type are paged at the same time. If the UEs with similar service 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 different service types may be very different, that may cause some groups are very big while the other ones 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 page these UEs since they are included in a same group.  
The other issue is, there has no explicit definition of the service type in eMTC. Even it has, it may be difficult to do mapping between service type and group for WUS as the number of service types 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 3: Further grouping UE based on service 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.

Proposal 2: It’s suggested not to support service based grouping.
(3) Coverage based grouping

If the UEs related to a same PO are grouped based on the coverage level, the WUS duration can 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 also cause 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 4: Further grouping UE 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 3: It’s suggested not to support coverage based grouping.
In last RAN2 meeting, we already assume UE_ID can be supported for further UE grouping, then we have the following proposal:
Proposal 4: It’s suggested to only support UE_ID based grouping.

2.2 Number of further UE groups for WUS
As mentioned in above observation 1 and proposal 1, 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.

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 false 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 false 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 types 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 5: 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.

2.3 The formula for further UE grouping for WUS
According to proposal 4, in this section, we will give our suggestion on how to define the UE_ID based sub-grouping formula. In [3], a simple formula has been given as following with the assumption there are X sub groups:

UE sub-group ID=floor (UE_ID/(N*Ns)) mod X

Here UE_ID are the ID of the UEs which have performed paging narrowband/carriers, PF, PO selection and finally are related to a same PO. So it’s easy to observe that these UE_IDs are discretely distributed. If the UE grouping formula is based on only UE_ID, it may cause that the UEs monitoring the same PO unevenly distribute in each group and there may have the negative impact on the effect of UE grouping, e.g., the proportion of false awakening is still high in the group with many more UEs. Therefore, the further grouping algorithm cannot be based on only UE_ID and optimization is needed.

We think the above formula is a good start point for further discussion. For the convenience of discussion later, we abstract this formula into the following form:

UE sub-group ID=floor (UE_ID/A) mod B,

Here A is a factor to divide the target UE_IDs and B is the number of sub groups. It’s easy to understand that only when the result of floor (UE_ID/A) are continuous natural numbers, such formula can uniformly distribute all the related UEs into B sub groups. If the result of floor (UE_ID/A) are discontinuous, the result of grouping will be uncertain. For example, with the above formula in [3], the result of floor (UE_ID/(N*Ns)) would be even in some configuration. If the number of sub groups X is also even, e.g., 2, then the UE sub-group ID for all the target UEs would be same, that is 0.

Observation 5: The results of floor (UE_ID/N*Ns) are discontinuous.
In [4], we do some detailed analysis on the distribution characteristics of the UE_IDs, for NB-IoT and eMTC separately. We understand distributing the UE_IDs to each PF and PO is a kind of evenly distribution. Then the main reason which cause discontinuous UE_ID distribution for a PO is distributing them into several paging narrowband/carriers. In NB-IoT such discontinuous UE_ID distribution may be more serious as the different weights are introduced for several paging carriers. Based on the analysis in [4], we give the following proposals:
Proposal 6: It’s suggested to introduce the following UE_ID based grouping scheme: 
UE sub-group ID=floor (UE_ID/A) mod B,

For eMTC:  A= N*Ns*Nn

For NB-IoT: A= N*Ns*W

Where:  

-  UE_ID: IMSI mod 16384 
-  B: the number of WUS group 
-  N: min(T,nB) 
-  Ns: max(1,nB/T) 
-  Nn: the number of paging narrowbands (for P-RNTI monitored on MPDCCH) provided in SIB
-  W: total weight of all NB-IoT paging carriers
2.4 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 this is allowed, 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 means twice detecting WUS and 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 false awakening. If both R15 and R16 UEs are paged at the same time, their paging records still can be gathered in a same paging message but two WUS signals are transmitted from eNB to UEs. And then R15 and R16 UEs can be awakened separately.
Proposal 7: 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.

2.5 Other optimization for UE grouping for WUS
After UE_ID based grouping is introduced and if proposal 7 can be agreed, it’s very possible that paging messages for the UEs belonging to several different sub groups are coming at the same time and several WUS signals will be transmitted to wake up the related sub groups. The most extreme case is that all WUS signals would be transmitted and all the sub groups are woken up when the SIB(s) is updated. Such process are much inefficient in signaling. Therefore, RAN1 has discussed the idea of common WUS in order try to reduce the WUS overhead. The common WUS might be a special WUS sequence which can wake up more than one sub groups. For example, a common WUS x might be designed for waking up sub group 1 and 3, then if the paging messages for the UEs in both sub group 1 and 3 are coming, the eNB can just transmit one common WUS x instead of transmitting two group-specific WUS signals for separate sub group 1 and 3. With this scheme, the WUS overhead can be reduced. From RAN2 perspective, some configuration would be needed for supporting common WUS signals.

With similar thoughts as that for above common WUS which mainly focus on the different sub groups related same PO, we may further consider introducing kind of cell-specific WUS signals which can be used to wake up several sub groups related to different POs.

Proposal 8: It can be considered to support common WUS signals or cell-specific signals for R16 UEs in order to reduce WUS overhead.

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

Observation 3: Further grouping UE based on service 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 4: Further grouping UE 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.

Observation 5: The results of floor (UE_ID/N*Ns) are discontinuous.
Proposal 1: A new type WUS for further grouping UEs with same gap type should be introduced in Rel-16.
Proposal 2: It’s suggested not to support service based grouping.

Proposal 3: It’s suggested not to support coverage based grouping.
Proposal 4: It’s suggested to only support UE_ID based grouping.
Proposal 5: It’s suggested to allow the eNB to configure the number of further UE groups per each gap type.  
Proposal 6: It’s suggested to introduce the following UE_ID based grouping scheme: 
UE sub-group ID=floor (UE_ID/A) mod B,

For eMTC:  A= N*Ns*Nn

For NB-IoT: A= N*Ns*W

Where:  

-  UE_ID: IMSI mod 16384 
-  B: the number of WUS group 
-  N: min(T,nB) 
-  Ns: max(1,nB/T) 
-  Nn: the number of paging narrowbands (for P-RNTI monitored on MPDCCH) provided in SIB

-  W: total weight of all NB-IoT paging carriers
Proposal 7: 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 8: It can be considered to support common WUS signals or cell-specific signals for R16 UEs in order to reduce WUS overhead.
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