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1. [bookmark: _Ref498589690]Introduction 
In the RAN#80 meeting, new Rel-15 work item of NB-IoT enhancement was agreed [1]. Also, several agreements on UE-group wake up signal were made[4]. 
	[bookmark: _Toc529800342][bookmark: _Toc5719908][bookmark: _Ref5352343]Agreement
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
Agreement
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.
Agreement
Group WUS location in relation to legacy WUS may be configured such that:
· 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,
· 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.
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
Working Assumption
At least for the group WUS in the same WUS resource, legacy WUS with phase shifts is selected as group WUS sequence design according to wgroup(m’) = w(m’) exp(j2πgm/G) 
· FFS: Details of g and G
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.
Working Assumption
[bookmark: _Toc8741529]The UE may assume that the transmit power for Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.
Working Assumption
[bookmark: _Toc8741530]The maximum WUS duration for the Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.
Agreement
[bookmark: _Toc8741531]Each UE monitors up to X WUS sequences. 
· [bookmark: _Toc8741532]Value of X will be selected between 2 and 3
· [bookmark: _Toc8741533]X=3 can only be supported if a common WUS for a subset of UE groups for service-based grouping is supported


In this contribution, we discuss and provide our view on the UE-group WUS for NB-IoT.

2. Discussions
In Rel-15 NB-IoT, WUS(wake up signal) was introduced to enhance the power consumption efficiency of the UE. WUS capable UE monitors paging search space if it detects a WUS at a corresponding WUS subframes which is configured before the PO. Thus, UE does not need to be wake up at PO if WUS has not been detected. In NB-IoT, it could be assumed that UE might be paged rarely. Thus, UE which monitors a WUS can reduce power consumption by skipping paging search spaces. 
According to the current specification, PO (paging occasion) of the UE is determined based on its UE ID and some configured parameters. In this method, group of UEs can share same PO. Thus some UEs might waste the power due to the other UE paging. Likewise, the WUS has a time location with respect to the associated PO; group of UEs which share same PO can share same WUS location. If a WUS for other UE paging is transmitted, Rel-15 WUS capable UE cannot avoid unnecessary wake up. In this point of view, UE-grouping WUS which can reduce the UE power consumption by preventing unnecessary waking up due to the other UE paging could be considered. 

2.1. UE-grouping 
For UE group WUS, several basis are considered as a UE grouping basis. To take advantage of benefits from UE grouping WUS, it is important to set proper UE grouping basis to subdivide UEs into UE group. In this section we discuss the possible candidates for UE grouping basis which could be used for allocating UEs groups to UE.
UE_ID based UE-grouping
In a previous meeting, it was agreed that at least UE_ID or some function of UE_ID is used for UE grouping. In current paging mechanism, PO and PF are determined by predefined equation based on UE_ID. Because WUS is used to support paging operation, it seems reasonable to use similar UE grouping method. In PO and PF determination of legacy LTE, UEs can be uniformly distributed among POs by using modular operation based on UE_ID and some parameters. Likewise, UE grouping for WUS could be designed by following the design principle of PO definition; e.g.  where  is a UE group index and  is a number of groups for UE grouping. On top of that, paging carrier selection mechanism was introduced in Rel-14 NB-IoT to support non-anchor carrier paging operation. Unlike legacy UE_ID based paging mechanism, UEs can be distributed in a non-uniform manner by applying different weights among paging carriers. Major motivation of non-uniform distribution is to avoid concentration of UEs on anchor carrier which should be used for paging for legacy UEs which do not have non-anchor carrier paging capabilities. Likewise, concentration of UE can occur if Rel-16 UE group WUS share a WUS resource with Rel-15 WUS. Thus, non-uniform distribution method could also be considered for the UE_ID based UE grouping. Although detail methods for UE group ID determination might be a RAN2 issue, it should be noted that UE concentration problem and issues on resource sharing with Rel-15 WUS are related to the WUS design especially on multiplexing criteria which is a RAN1 decision point. 
Proposal 1:  Consider non-uniform distribution of UEs and/or UE groups over WUS resources. For example, each WUS resource can be allocated with different number of UEs

UE-group WUS for Enhanced Coverage Restricted UE
In another point of view, coverage level based UE grouping could be considered as well. Likewise other NB-IoT signals and channel, repetition level of WUS should be configured to support UEs in worst MCL which should be supported in a cell. In Rel-15 WUS design, starting subframe of WUS is determined by the configured gap value and maximum duration of WUS. Thus, UE should wake up earlier as larger maximum duration is configured. However, UE in a normal coverage level could detect WUS with shorter repetition level. After UE detects WUS, it should maintain wake up mode until PO, and power consumption would be larger than UE in a sleep mode. Also, UE in a normal coverage level might be waken up more frequently due to the other UE paging of larger coverage level. So, coverage level based UE grouping might be useful in some cases especially for normal coverage UEs. 
As discussed in [2], the Enhanced Coverage Restricted is introduced in PAGING message over S1 interface. A UE in normal coverage can report support for restriction of use of Enhanced Coverage when it attach to the cell or performing TA update. After that, UE can receive the Enhanced Coverage Restricted parameter which can be contained in Attach/TAU Accept message. Also, MME can include Enhance Coverage Restricted information for eNB in Paging message. eNB can expect that Enhanced Coverage Restricted UE camps on a cell in normal coverage. 
Observation 1: The Enhanced Coverage Restricted UE camp on a cell with normal coverage. 
Observation 2: The Enhanced Coverage Restricted parameter is provided to both the eNB and the UE.
It is obvious that Enhanced Coverage Restricted UE would not require large repetition number. Thus, the number of repetition of WUS can be shortened if it is transmitted for Enhanced Coverage Restricted UE only. In Rel-15 WUS, UE can assume actual duration of WUS is one of the values in the predefined set. Within the set, the longest actual duration of WUS is same as a configured maximum WUS duration. In general, it can be expected that the Enhanced Coverage Restricted UE would not require maximum WUS duration. 
  To reduce the repetition number of the WUS for Enhanced Coverage Restricted UE while preserving required WUS resource for UE-grouping, it would be beneficial letting the Enhance Coverage Restricted UE only monitors the last MECR subframes of the WUS for normal UE. MECR is a maximum repetition number of the WUS for Enhanced Coverage Restricted UE and it should be smaller than the maximum repetition of the WUS for normal UE. Figure 1 shows an example of WUS configuration for the Enhance Coverage Restricted UE. As shown in Figure 1, same gap value is used while different starting subframe and actual duration of WUS are used between normal UE and the Enhance Coverage Restricted UE. Thus the Enhanced Coverage Restricted UE can expect smaller WUS repetition compare to one of normal UE. Also, both normal UE and the Enhanced Coverage Restricted UE can be paged by a single sequence WUS; in a subframe normal UE and the Enhanced Coverage Restricted UE expect same WUS sequence and CDM is not used between them. 
It should be noted that supporting different actual WUS duration for the Enhanced Coverage Restricted UE can be used together with other UE grouping methods. For example, if UE_ID based grouping is enabled, the Enhanced Coverage Restricted UE can determine its WUS resource and UE group based on its UE_ID. 
Proposal 2: Support different starting subframe and actual WUS duration for the Enhanced Coverage Restricted UEs.
· The Enhance Coverage Restricted UE monitors WUS in the last [X] WUS subframes within the maximum WUS duration configured for the UE.
· Here, X is equal to or less than the maximum number of WUS subframes in the WUS duration

 
[bookmark: _Ref1139988]Figure 1

2.2. UE-group WUS design
Based on the discussion during the last meeting, single sequence CDM and TDM can be used for indicating UE group information on the WUS. In this section we discuss further details on WUS multiplexing and sequence design issues.

Configuration of WUS resource allocation and number of UE groups for eDRX gap(s)
According to the agreement in a previous meeting, eNB can configure WUS resource allocation and number of UE group for eDRX gap(s) by optional. There are two types of gaps for WUS in eDRX mode; eDRX short gap and eDRX long gap. The set of gap values that can be configure for eDRX short gap is {40ms, 80ms, 160ms, 240ms} which is the same the set of DRX gap values. One the other hand, possible gap values for eDRX long gap are 1s and 2s, which are quite larger than the DRX gap values. Note that actual gap between PO and WUS will be increased if different time domain resource is used for multiplexing UE group WUS. Thus the impact on timing delay of paging procedure by the UE group WUS configuration should be considered carefully especially for eDRX long gap case. For example, restricting number of orthogonal WUS resource in time domain for eDRX long gap could be considered. 

Sequence design
Due to the timing drift error, it is possible that UE could be waked up by the undesired WUS sequences. Thus, the impact of the timing drift error should be discussed carefully in sequence design. In the previous meeting, there was a discussion on whether to use different WUS sequences for UE groups regardless of whether the UE groups are in the same or different WUS resources. To allocate different WUS sequences between WUS resources, following equation can be used to determine g values which is used for determining phase shift value. 
where Nt is a number of orthogonal WUS resource in time domain, and g0 is an base phase shift value.  is determined based on an index of the WUS resource; for example, 0 is assigned to the legacy WUS resource and 1 is used for another one. 
Proposal 3: All UE groups uses different WUS sequences regardless of whether the UE groups are in the same or different WUS resources.


3. Conclusion
In this contribution, we discuss and provide our view on the UE group WUS for NB-IoT. The proposals of this contribution are summarized as follows.
Observation 1: The Enhanced Coverage Restricted UE camp on a cell with normal coverage. 
Observation 2: The Enhanced Coverage Restricted parameter is provided to both the eNB and the UE.
Proposal 1: Consider non-uniformly distributed UEs and/or UE groups over WUS resources. For example, each WUS resource can be allocated with different number of UEs
Proposal 2: Support different starting subframe and actual WUS duration for the Enhanced Coverage Restricted UEs.
· The Enhance Coverage Restricted UE monitors WUS in the last [X] WUS subframes within the maximum WUS duration configured for the UE.
· Here, X is equal to or less than the maximum number of WUS subframes in the WUS duration
Proposal 3: All UE groups uses different WUS sequences regardless of whether the UE groups are in the same or different WUS resources.
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