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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK2][bookmark: OLE_LINK1]In RAN #81 meeting, revised WID RP-181878 on Rel-16 MTC enhancements for LTE was agreed [1]. One of the objectives is to improve DL transmission efficiency and/or UE power consumption.
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
· [bookmark: _Hlk515907705]Specify quality report in MSG3 at least for EDT [RAN1, RAN2]
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]
In this contribution, we discuss the UE-group wake-up signal for MTC.
Discussion on MTC wake-up signal
Group number
For Rel-16 UE group MWUS, there are two understanding about group number:
Alt 1: Group number corresponding to the total UEs associated with the same PO.
Alt 2: Group number corresponding to the total UEs associated with the same DRX/eDRX gap.
For Alt 1, the total number of group number stays the same no matter how many gaps are configured. For example if the configured number is 4, when 2 different gap values are configured, the group number for the same resource is 2;  when configured gap value is same, the group number for the same resource is 4, as illustrated in Figure 1(a). For Alt 2, it doesn’t matter what the gap value is, the group number for the same DRX/eDRX gap is same. For example, when configured group number is 4, with 2 different gap value are configured, both group number for the same resource is 4. When two configured gap values are same, the group number for the same resources does not change, as is shown in Figure 1(b).


(a)                                                          (b)
Figure 1 Illustration of group number
For Alt 1, since gap configuration can be different, the group number for each resource is different, therefore the group index is different. However for Alt 2, the group index UE corresponds to doesn’t change.
Proposal 1: The number of Rel-16 UE group MWUS with same DRX/eDRX gap configuration is configured by SIB.
With more group number, the UE number in each group will be reduced. Therefore the chances that UE wakes up unnecessarily to detect paging will be reduced therefore UE power consumption will reduce. However, with more group number, the detection becomes more difficulty, therefore it is suggested the maximum group number is less or equal than 4.
Proposal 2: Maximum group number for MWUS with same DRX/eDRX gap configuration is equal to or less than 4.
Multiplexing method
In Rel-15, grouping based on DRX/eDRX long/short gap can be achieved via gap configuration[2]. For Rel-16 group MWUS, grouping based on gap configuration is expected to be supported. Further grouping mechanism can be applied on top of same DRX/eDRX gap based grouping.
Proposal 3: The grouping mechanism for Rel-16 group MWUS is based on same DRX/eDRX gap configuration.
2.2.1 Multiplexing between legacy MWUS and Rel-16 group MWUS
Rel-16 UE include both UE supporting group MWUS and UE not supporting group MWUS. For the latter, they can fall back to Rel-15 legacy MWUS. That means legacy MWUS can be used to wake up Rel-15 UEs and Rel-16s UE not supporting group MWUS. The multiplexing between legacy MWUS and Rel-16 group MWUS can include the following alternatives:
· Alt 1: FDM
· Alt 2: TDM
· Alt 3: CDM
For Alt 1, legacy MWUS and group MWUS are separated in frequency domain. For Alt 2, Legacy MWUS and group MWUS are separated in time domain. For Alt 3, there are two alternatives:
Alt 3-1: Legacy MWUS not included in Rel-16 single sequence CDM. 
Alt 3-2: Legacy MWUS included in Rel-16 single sequence CDM.  
When legacy UE and Rel-16 UE supporting group MWUS are paged, for Alt 3-1, both legacy MWUS and group MWUS need to be transmitted. That means power sharing is needed for legacy MWUS and Rel-16 MWUS. For Alt 3-2, either legacy MWUS or group MWUS is sent. If any legacy UE or Rel-16 UE supporting MWUS needs to be waked up, the legacy MWUS will be transmitted. Then Rel-16 UE supporting group MWUS will detect MPDCCH. The probability of unnecessary MPDCCH detection would be increased. Considering the intention of introducing group MWUS is to reduce unnecessary MPDCCH detection, though power sharing between two MWUS signal will cause longer MWUS sequence, the extra UE detection power consumption is still less than the power consumption for the extra MPDCCH detection, If the multiplexing between legacy MWUS and Rel-16 group MWUS is CDM, Alt 3-1 is preferred.
Observation 1: If the multiplexing between legacy MWUS and Rel-16 group MWUS is CDM, legacy MWUS  shall not be included in Rel-16 single sequence CDM. 
If legacy MWUS and group MWUS are transmitted at the same time, the performance of MWUS is better for Alt 1 and Alt 2. Compare with Alt 1, the system resource overhead of Alt 2 is larger. From the perspective of the MWUS performance and system overhead, Alt 1 is preferable. 
Proposal 4: The multiplexing between legacy MWUS and  group MWUS is FDM.
2.2.2 Multiplexing between Rel-16 group MWUS
Grouping can be achieved via code division, time division or frequency division. In the following, one example is given. In this case,  the UEs associated with the same DRX/eDRX gap configuration are divided into two groups.

(a) CDM between different groups
      

(b) TDM between different groups

(c) FDM between different groups
Figure 2 Illustration of group MWUS
A maximum of three TDM group MWUS can be achieved via Rel-15 gap configuration. If the grouping mechanism for Rel-16 group MWUS is also TDM, the overhead will reduce the overall system efficiency. Note with the increase of system overhead, the collisions between MWUS and other DL signal may be increase.  
In RAN1#94bis meeting, single sequence CDM was proposed as multiplexing mechanism of NB-IoT. For MTC, single sequence CDM can also be used as multiplexing mechanism between group MWUS. For single sequence CDM, single sequence corresponds to combination of group MWUS. There are two alternatives:
· Alt A: Besides a sequence corresponding to all group MWUS, any other sequence corresponds to one group MWUS or combinations of several group MWUS. 
· Alt B: Besides a sequence corresponding to all group MWUS,  any other sequence corresponds to one group MWUS.
Taking 3 group MWUS as an example, the details are shown in Table 1 and Table 2. 
Table 1 Group MWUS vs sequence index for Alt A
	Transmitted MWUS
	sequence

	group MWUS1
	sequence 1

	group MWUS2
	sequence 2

	group MWUS3
	sequence 3

	group MWUS1, group MWUS2
	sequence 4

	group MWUS2, group MWUS3
	sequence 5

	group MWUS1, group MWUS3
	sequence 6

	All group MWUS
	sequence 7


Table 2 Group MWUS vs sequence index for Alt B
	Transmitted MWUS
	sequence

	group MWUS1
	sequence 1

	group MWUS2
	sequence 2

	group MWUS3
	sequence 3

	All group MWUS
	sequence 4



Compare with Alt A, Alt B requires less UE detection complexity. However, considering the fact that grouping is based on UE_ID, it is very unlikely that all the UE needs to be waked up are in the same group, even for the scenario with very low paging rates. For Alt B, it may cause unnecessary power consumption for some UEs. For example, if both group 1 and group 2 needs to be waked up, only sequence 4 can be used. However, this will also wake up group 3. Considering the intention of group MWUS is for further terminal power consumption reduction, Alt A is preferred.
Proposal 5: For single sequence CDM, single sequence can correspond to one single group MWUS,   group combination MWUS and all group MWUS.
For FDM, based on RAN1#94 agreement, MWUS and the corresponding PO are in the same narrowband. In MTC, MWUS occupy 2 PRBs in frequency, therefore the maximum available multiplexing groups is 3. Considering the multiplexing of legacy MWUS and group MWUS is FDM, up to 2 group MWUS can be multiplexed by FDM. i.e, the maximum MWUS group cannot exceed 2. 
eNB transmits more than one sequences when multiple groups need to be waked up for FDM. But for single sequence CDM, each time eNB only transmits one sequence, therefore the impact to MWUS performance is limited, also the UE’s power consumption will not increase. However for single sequence CDM, UE need to detect multiple sequences. With the increase of group number, UE detection complexity increases. Therefore, when the group number is less than or equal to 4, the multiplexing is one sequence CDM, and FDM and CDM can be used when the group number is larger than 4. .
Proposal 6: When the group number is less than or equal to 4, one sequence CDM is used for group MWUS.FDM and CDM can be used when the group number is larger than 4. 
Sequence design
In RAN1 #94bis, the following agreement for Rel-16 group MWUS sequence has been reached:
· [bookmark: _Toc526830134]Group WUS is based on at least legacy WUS and UE-group ID.
Based on this agreement, the sequence is designed based on legacy MWUS. Considering that current sequence is based on PN and ZC, for group MWUS, multiple methods can be used to extend the legacy sequence. For example the sequence can be differentiated via cyclic-shift, or PN sequence, or both. Considering group MWUS sequence needs to carry sequence index information (assuming one sequence CDM is used for group MWUS), sequence index can be indicated via cyclic-shift, or  PN sequence or both. The details need further study.
Proposal 7: Sequence index can be indicated via cyclic-shift, PN sequence or both. The details need further study.
others
For SI update, legacy MWUS can wake up all Rel-15 UEs and Rel-16 UEs not supporting group MWUS. On the other hand, All group MWUS can wake up all Rel-16 UEs supporting group MWUS. Therefore, no further enhancement is needed for SI update in MWUS design. Additionally, cell specific MWUS can be configured to wakes up both Rel-15 and Rel-16 UEs.
Proposal 8:  If further enhancement is needed for SI update, cell specific MWUS can be considered. 
 
Conclusions
In this contribution, we have discussed the Rel-16 group MWUS for MTC. We make the following observation and proposals:
Observation 1: If the multiplexing between legacy MWUS and Rel-16 group MWUS is CDM, legacy MWUS  shall not be included in Rel-16 single sequence CDM. 
Proposal 1: The number of Rel-16 UE group MWUS with same DRX/eDRX gap configuration is configured by SIB.
Proposal 2: Maximum group number for MWUS with same DRX/eDRX gap configuration is equal to or less than 4.
Proposal 3: The grouping mechanism for Rel-16 group MWUS is based on same DRX/eDRX gap configuration.
Proposal 4: The multiplexing between legacy MWUS and  group MWUS is FDM.
Proposal 5: For single sequence CDM, single sequence can correspond to one single group MWUS, group combination MWUS  and  all group MWUS.
Proposal 6: When the group number is less than or equal to 4, one sequence CDM is used for group MWUS. FDM and CDM can be used when the group number is larger than 4. 
Proposal 7: Sequence index can be indicated via cyclic-shift, PN sequence or both. The details need further study.
Proposal 8: If further enhancement is needed for SI update, cell specific MWUS can be considered. 
[bookmark: _GoBack]
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