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1. [bookmark: _Ref498589690]Introduction
In the RAN#90 meeting, new Rel-15 work item of MTC enhancement was agreed [1]. Also, several agreements on UE-group wake up signal were made in the last RAN1 meeting as follows:
	Agreements
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

Rel-16 UE-group MWUS sequence should consider at least
•	Fallback to legacy UE behavior
•	Inter-cell interference randomization
•	UE group ID for different UE-group MWUS
•	Reuse of Rel-15 sequences is not precluded
•	Effect of sequence detection on UE complexity

Study the RAN1 consequence of UE-grouping on the following basis:
•	UE ID
•	Coverage
•	DRX/eDRX
•	Gap configuration
•	Services


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

2. Discussions
In Rel-15 MTC, 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 MTC, 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. 
There are several issues which should be considered for UE grouping WUS design. First, it should be noted that backward compatible design should be considered to allowing Rel-15 WUS behavior in a cell where a Rel-16 UE grouping WUS is configured. To guarantee backward compatible design with reduced standardization effort, the Rel-15 WUS design could be considered as a starting point of UE-grouping WUS design. 
Also, group common indication which is accessible to all WUS capable UEs should be considered. In some cases, multiple UEs which share same wake up signal occasion need to be wake up at once. For example, paging can be used to inform the system information update message and every UE within a PO should be waked up. 
Proposal 1: UE-group WUS should be designed to be backward compatible with Rel-15 WUS.
Proposal 2: Group common WUS which is accessible to all UEs should be supported.

2.1. UE-grouping basis
In the last meeting, it was agreed to study UE groping basis. To take advantage of benefits from UE grouping WUS, it is important to set proper UE grouping basis to subdivide UEs by UE group. In this section we discuss the possible candidates for UE grouping basis which could be used for allocating UEs to each UE group.
UE_ID
In current paging mechanism, PO and PF are determined by predefined equation based on UE_ID. Likewise, UE_ID based UE grouping for WUS could be considered. Because WUS is used to support paging operation, it seems reasonable to use similar UE grouping method. If the UE_ID based grouping is applied, group of UEs associated to a PO could be subdivided to multiple sub-groups. Likewise paging, this mechanism does not require heavy overheads and could be work for IDLE mode UE.
In case of UE_ID based UE grouping, it seems reasonable to have each UE groups awake with similar probability. Simply, UE_ID can be evenly distributed to each UE group by following the design principle of PO and PF; e.g.  where  is a UE group index and  is a number of groups for UE grouping. In another point of view, uneven distribution of UE_ID can be considered also. If some WUS resources is shared by multiple UE group WUSs and/or Rel-15 WUS, wake up probability of them could be highly depends on the number of UEs in each UE groups. Likewise paging carrier determination in Rel-14 NB-IoT, weight function based UE grouping can be considered. 
Coverage
In another method, coverage level based UE grouping could be considered. Likewise other MTC 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 extreme coverage level. So, coverage level based UE grouping might be useful in some cases especially for normal coverage UEs with low mobility. 
To overcome these problems, TDM manner multiplexing based on coverage level of the UE by configuring different maximum WUS duration could be considered. For example, configuring different starting subframe and/or ending subframe of WUS can be considered. To do coverage level based UE grouping, coverage level of the UE should be reported. In addition, dedicated signaling from eNB for WUS resource configuration may be required to coordinate the operation between eNB and UE.
Services
Also, service based UE grouping could be considered. In MTC cell, there might be various types of devices and target services which may have different requirements; some type of devices may require higher power consumption efficiency, and required paging rate might be different among services. So, it seems reasonable to configure UE group based on service or type of UE. For this method, it would be beneficial to allow flexible configuration of UE group by eNB. On the other hand, likewise coverage based UE grouping, service based UE grouping may require dedicated signaling. Also specification effort for MME may be required to let the eNB know which UE requires special UE grouping. Thus feasibility of this method should be discussed in RAN2. In RAN1 perspective, supportable number of UE groups which may require independent resource configuration can be discussed. However, it should be noted that larger number of UE groups may degrade sequence detection performance and/or increase resource overhead.
DRX/eDRX and gap configuration
Required gap between PO and WUS for a UE may different depend on the UE implementation and DRX/eDRX mode. In a power saving perspective, assigning suitable gap to the UE based on its gap capability may be beneficial. Especially, if TDM based multiplexing method is adopted for UE grouping, gap capability based UE grouping could be considered. Also, different UE grouping between DRX and eDRX mode can be considered as well for further optimization. However it seems very hard that eNB to handle the wake up probability of each UE groups by itself if UE grouping is accomplished by gap capabilities of UEs only. Also, eNB can configure maximum three different gaps for DRX and eDRX already. Thus, additional UE grouping based on gap configuration may not be necessary.
Based on the discussion above, it seems beneficial to adopt UE_ID based grouping at least; which can be handled in IDLE mode without dedicated signaling and wake up probability of different UE group can be controlled by eNB. Although other grouping basis can bring additional benefits in some scenario, further discussions are needed. Note that more than one grouping basis can be used for UE grouping WUS if they can get along with each other.
Proposal 3: At least UE_ID based grouping is used for UE grouping WUS
· FFS on whether UE_ID is evenly or unevenly distributed to UE groups. 
· FFS on other grouping basis

2.2. UE-group WUS design
Based on the discussion during the last meeting, CDM, FDM and/or TDM based multiplexing are considered as candidates for indicating UE group information on the WUS. In this section we briefly review these two methods for UE grouping WUS.
CDM
First, we can consider code domain (e.g. sequence or cover code) differentiation for UE group WUS design. Currently, the sequence of Rel-15 WUS is generated with information of cell ID and associated (first) PO. On top of them, UE group information can be conveyed by adding more sequences or applying cover code. 
For example, adjusting initialization value of the scrambling sequence could be considered. There are remaining rooms which is not used for Rel-15 WUS in scrambling initialization value, and it could be used for UE group information. Also re-farming current scrambling sequence could be considered as well if it does not introduce significant impact on Rel-15 WUS operation. In another way, cover code based solution could be considered as well. (e.g. RE level, symbol level, and subframe level cover codes) 
Because WUS grouping is performed in code domain, WUS subframes for Rel-15 WUS can be shared. This characteristic would be beneficial in terms of network overhead management. However, as we discussed in a previous section, waking up multiple UEs in a different UE groups which shares same WUS occasion should be considered. Thus, introducing UE common WUS sequence might be necessary when UE group WUS is applied. To support both Rel-15 and Rel-16 WUS capable UEs within a same resource, it seems reasonable UE common WUS sequence should be detectable by Rel-15 WUS capable UEs. Simply, Rel-15 WUS sequence can be used for common indication sequence for Rel-16 WUS capable UEs. In this method, UE may require to detect more than one sequence candidates simultaneously in a WUS occasion to monitor both UE-group and group common indication.
TDM
In another point of view, allocating different time domain resources(e.g. WUS subframes) could be considered for UE grouping WUS. In this method, UE group information can be conveyed by time domain resources. Thus, eNB should configure more than one WUS occasion to a PO. For example, different starting subframe and/or ending subframe of WUS can be configured by indicating different gap value and/or maximum WUS duration to each UE group. 
 Unlike code domain based design, UE may not require to detect multiple sequence detection at once in a time domain based design. Thus, it might have benefits in UE complexity point of view compare to the code domain based design. Instead, eNB may require to transmit WUS multiple times to wake up UE in a different UE groups. Thus resource overhead of TDM method can be larger than CDM method. Also, if different WUS-to-PO gap is used for TDM, UE wake up time after WUS detection can be different amongst the UE group which affects power consumption efficiency of the UE.
In TDM based WUS design, WUS subframes between different UE groups can be overlapped which should be considered carefully. If WUS-to-PO gap for a preceding UE group WUS is not sufficiently large, it may partially overlap with subsequent UE group WUS. If Rel-15 WUS sequence is reused without change, WUS overlapping between UE groups may cause the scheduling restriction problem. Thus, how to handling overlap problem should be discussed carefully. 

FDM
Also, frequency domain resource could be considered as well. In Rel-15 WUS for MTC, it spans 2 PRBs within a narrowband. So, there are 4 remaining PRBs which can be used for other purpose. Because additional WUS PRB could be configured without colliding, UE does not need to perform multiple sequence detection as well as time domain based method. However, it should be noted that one of the motivation of 2 PRB WUS is to allow power boosting. If more than 2 PRBs are used for WUS transmission at the same subframe, longer actual transmission duration of WUS may be required to meet the target coverage level.
Also it should be noted that compatible design with NB-IoT should be considered as well. In NB-IoT, inter carrier scheduling should be supported if FDM based multiplexing is introduced, which may increase complexity of NB-IoT UE. 

As we discussed above, different WUS design rule has different characteristics. So UE group WUS design criteria should be discussed carefully. In resource overhead and UE power consumption point of view, CDM based UE group WUS design is preferable. However, number of UE groups that can be supported by CDM might be restricted. If the larger number of UE group than CDM capability is needed, utilizing additional time/frequency domain resources could be considered further. 
Proposal 4: At least CDM based UE group WUS design is supported
· Using scrambling initialization or code cover(e.g. RE, symbol, or subframe level) to indicate UE group information can be considered.
· Rel-15 WUS sequence can be used for UE group common indication.

3. Connected mode cDRX
In Rel-15 MTC, there was a discussion on not only power saving for the IDLE mode paging but also on the power saving method for connected mode cDRX. It is obvious that reducing power consumption of the UE in the connected mode would help to increase the battery life of the UEs. According to the discussions in Rel-15, several approaches were already proposed for power saving in connected mode cDRX. So, we can easily restart our discussion of the power saving method for connected mode cDRX without big efforts. For example compatible design of IDLE mode WUS and DCI based USS indication could be a starting point of our discussion.
Proposal 5: To improve the power consumption efficiency of UE in connected mode, power saving signal or channel should be discussed in Rel-16.

4. Conclusion
In this contribution, we discuss and provide our view on the UE group WUS for MTC. The proposals of this contribution are summarized as follows.
Proposal 1: UE-group WUS should be designed to be backward compatible with Rel-15 WUS.
Proposal 2: Group common WUS which is accessible to all UEs should be supported.
Proposal 3: At least UE_ID based grouping is used for UE grouping WUS
· FFS on whether UE_ID is evenly or unevenly distributed to UE groups. 
· FFS on other grouping basis
Proposal 4: At least CDM based UE group WUS design is supported
· Using scrambling initialization or code cover(e.g. RE, symbol, or subframe level) to indicate UE group information can be considered.
· Rel-15 WUS sequence can be used for UE group common indication.
Proposal 5: To improve the power consumption efficiency of UE in connected mode, power saving signal or channel should be discussed in Rel-16.
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