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Introduction
The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE were approved in RAN#80. The WIDs have been revised for several times and the lasted ones are approved in RAN#83 [1][2]. The following objective is included in both of these WIDs:
	Improved DL transmission efficiency and/or UE power consumption:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


In RAN1 #95~#96 meeting, based on the contributions, the following agreements have been achieved:
	RAN1#95 agreements:
For eMTC:
· One group WUS is designed as a single sequence
· Rel-16 group WUS uses the same gap configurations as for Rel-15 legacy WUS except for differences from possible TDM.
· No new gap higher layer signaling will be introduced for TDM
· 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
· UE group ID is used as a parameter to generate WUS UE group sequence(s).
· For multiplexing between Rel-16 UE-group WUS and Rel-15 WUS, further evaluate and down select among the following options
· TDM
· FDM
· single-seq CDM
· single-seq CDM+TDM
· single-seq CDM+FDM
· FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.
· For multiplexing between different Rel-16 UE-group WUS, further evaluate and down select among the following options
· single-seq CDM
· FDM
· single-seq CDM+TDM
· single-seq CDM+FDM
· Note: At least the maximum number of UE groups should be considered.
· Further study false detection (cross/auto correlation) performance properties for the following designs:
· legacy WUS + cover codes,
· legacy WUS + shifted scrambling codes,
· legacy WUS + phase shift + cover code + scrambling bits
· Including combinations of phase shift, cover code, and/or scrambling bits
· Other designs are not precluded.
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· 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 support waking up a subset of all WUS UE groups
· Multiplexing of Rel-16 UE groups is down-selected among
· Single sequence CDM is supported
· Single sequence CDM is supported and TDM can be additionally applied
· FFS: Configurability of CDM and/or TDM
· For multiplexing between Rel-16 UE-group WUS and Rel-15 legacy WUS within the same carrier, further evaluate and down select among the following options
· Single sequence CDM is supported
· Single sequence CDM is supported and TDM can be additionally applied
· FFS: Configurability of CDM and/or TDM
FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UE
RAN2#96 agreements:
For eMTC:
· UE-group MWUS sequence is same as UE-group NWUS per RB and the same sequence is repeated in two PRBs.
· 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
· Single-sequence CDM is used in the same WUS resource if more than one UE group is configured to monitor the WUS resource.
· Select one among the following:
· Up to 2 orthogonal WUS resources may be configured in time domain 
· Up to 2 orthogonal WUS resources may be configured in frequency domain 
· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)
· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)
· FFS: whether one of the WUS resources is configured to be shared with legacy WUS
For NB-IoT:
· A UE is required to monitor WUS(s) in only one WUS (T/F) resource location
· Up to 2 time-multiplexed WUS resources may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.



In RAN2 #104~#105 meeting, based on the contributions, the following agreements have been achieved:
	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 
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2.1 The dimension for further UE grouping for 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:


Figure 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.
According to the WID objective, RAN1/RAN2 would specify support for UE-group wake-up signal (WUS) in order to further reduce the number of UEs that are false awakened. Based on the RAN1 agreements, we understand RAN1 has the assumption that the UEs with the same gap type are considered to occupy the same WUS resource and these UEs which monitor the same WUS (time-frequency) resource can be further grouped.
Therefore, following the above observation 1 and our understanding for RAN1 agreements, we propose to further group WUS for the UE with same gap type, e.g., to allow the eNB to configure the number of UE-group WUS per gap type. There has another opinion that the number of UE-group WUS can be configured per PO. We look this alternative as a special case of configuring UE-group WUS per gap type, e.g, configuring same number of UE-group WUS for each gap type. In the following text, we will give some comparison for these two alternatives and give our proposal:
Alt1: To configure the group number corresponding to the total UEs associated with the same gap type
Alt2: To configure the group number corresponding to the total UEs associated with the same PO.
Observation 2:  There have two alternatives for UE-group WUS, e.g., group number configuration per PO or per gap type, to be discussed.
Also according to RAN1 discussion, we understand when there has a paging for a UE in a certain UE group, a UE-group WUS signal would be sent to wake up this UE group that will also wake up all the UEs in this UE group. We call such WUS signal as GWUS. Moreover, RAN1 has agreed if there have paging for several UEs in more than one UE groups, a common WUS can be used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource. We call such signal as CWUS. RAN1 also discuss to support a kind of WUS signal which can wake up a subset of all WUS UE groups (we may call it as SWUS) but it’s still FFS.
Observation 3:  there are currently several types of WUS signal that have been agreed or are being discussed in RAN1: GWUS for one WUS UE group, CWUS for all WUS UE groups or SWUS for a subset of all WUS UE groups.
As the IoT services are usually infrequent and not sensitive to the time delay, we can assume that most of NB-IoT and eMTC UEs are configured with eDRX, and then the number of UEs belonging to different gap types may be very different. Considering that decreasing the number of UEs in a certain WUS UE group would help  to reduce false wake-up rate, we think if there are more UEs belonging to the same gap type, more sub-groups need to be configured for these UEs. However, more WUS UE group would cause more WUS signal transmission overhead. Therefore, generally to say, if the number of UEs for each gap type are different, configuring the same number of WUS UE groups for these gap types may not bring expected benefits but cause more overhead. On the other hand, to allow configuring different number of WUS UE groups for each gap type may be more suitable.
Furthermore, we understand the false wake-up rate may be also related to the probability that a UE is paged before a certain PO, If we consider such factor, we may find it some difficult to find a common suitable number of WUS UE groups for different number of UEs related to different gap types.
Observation 4: The false wake up may be related to the total number of UEs and the proportion of UEs that need to be paged in one WUS group.
In order to find the relationship between some factors which have impacts on the false wake-up rate in different alternatives for grouping WUS, we gave some examples and comparison in [6] to show the false wake-up rate results with different paging probabilities. Based on the comparison, we can summary that, when the number of UEs that will be paged before a certain PO is large, it’s more prefer less WUS UE groups and more UEs in each group. As it’s highly possible to group the UEs that will be paged into a same WUS group and this can help to reduce the possibility of sending common WUS, the number of UEs that will be false awakened is also reduced. On the other hand, if there have few UEs that will be paged before a PO, it's more prefer more WUS UE groups and less UEs in each group as the number of UEs which are awakened by a certain WUS signal can be as small as possible.
Proposal 1: It’s suggested to allow the eNB to configure WUS group number for each gap type.
2.2 Coexistence of R15 WUS with R16 WUS
As the further WUS grouping will be introduced in R16, one issue about the coexistence of R15 WUS and R16 WUS should be considered. There are also two alternatives for handling this coexistence issue. In [3], we suggested that the Rel-16 UE supporting new type WUS under a R16 network would not detect legacy WUS in order to reduce unnecessary awakening and power consumption. And in [4], company mentioned that as population of UEs supporting WUS grouping increases the legacy WUS channel become underutilised while WUS channel supporting UE grouping becomes over utilised. Therefore, they suggest that some UEs supporting grouping to use legacy WUS channel instead of new WUS channel.
Even we have sympathy with the thinking that to let some R16 UE check R15 WUS may help to offload R16 WUS channel, we still worry that such UE behavior will cause more false wake-up. 
In the following table, we combine different alternatives for UE checking WUS with all the possible paging cases, and list the eNB process for each combination. Finally we try to compare the pros and cons for different behaviors in UE and eNB.
	paging case
                 
eNB
                           process
Alternatives   
for UE checking WUS
	Case 1: In a R16 cell,  only R15 UEs are paged
	Case 2: In a R16 cell, only R16 UEs are paged
	Case 3: In a R16 cell, both R15 and R16 UEs are paged
	Comparison

	Alt1: R16 UE only check R15 WUS
	Sending R15 WUS
	Sending R15 WUS
	Sending R15 WUS
	In Case 1, R16 UE is false awakened
In Case 2, R15 UE is false awakened

	Alt2: R16 UE check both R15  WUS and R16 WUS (any WUS signal detected will wake up R16 UE)
	Sending R15 WUS
	Sending R16 WUS
	Sending R15 WUS 
	In Case 1, R16 UE is false awakened


	Alt3: R16 UE only check R16 WUS
	Sending R15 WUS
	Sending R16 WUS
	Sending both R15 WUS and R16 WUS
	No false wake-up in all the three cases

	false wake-up and WUS signal overhead Comparison
	Sending one WUS signal in all the three Alts. .
R16 UE would be false awakened with Alt1 and Alt2
	Sending one WUS signal in all the three Alts.
R15 UE would be false awakened with Alt1.
	Sending two WUS signals in Alt3.
No false wake-up in all the three Alts. 
	


Based on the comparison in the above table, we confirm that both Alt1 and Alt2 will cause more false wake–up for R16 UE or for R15 UE. This is undesired. On the other hand, even Alt3 need more WUS signal overhead, it will not increase false wake-up. Therefore, we think Alt3 is the more suitable UE behavior.
Proposal 2: It’s suggested that the Rel-16 UE supporting new type WUS would not detect legacy WUS in a R16 cell in order to reduce false wake-up and UE power consumption.
2.3 The formula for further UE grouping for WUS
In this section, we will give our suggestion on how to define the UE_ID based sub-grouping formula. In [5], 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, 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.
In [7], 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 that 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 [7], we give the following proposals:
Proposal 3: 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
No matter B is configured per PO or per gap type, if we have no change to the proposed formula, the UE reception would same, e.g., the UE would determine the PO and sub-group ID, and then calculate the start time for receiving this sub-group WUS according to gap type.  

Conclusions
In this contribution, we make 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:  There have two alternatives for UE-group WUS, e.g., group number configuration per PO or per gap type, to be discussed.
Observation 3:  there are currently several types of WUS signal that have been agreed or are being discussed in RAN1: GWUS for one WUS UE group, CWUS for all WUS UE groups or SWUS for a subset of all WUS UE groups.
Observation 4: The false wake up may be related to the total number of UEs and the proportion of UEs that need to be paged in one WUS group.

Proposal 1: It’s suggested to allow the eNB to configure WUS group number for each gap type.
[bookmark: _GoBack]Proposal 2: It’s suggested that the Rel-16 UE supporting new type WUS would not detect legacy WUS in a R16 cell in order to reduce false wake-up and UE power consumption.
Proposal 3: 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
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