[bookmark: OLE_LINK34][bookmark: OLE_LINK33][bookmark: OLE_LINK13][bookmark: OLE_LINK12]3GPP TSG RAN WG1 Meeting #96bis                                             R1-1904342
Xi’an, China, 8th – 12th April, 2019

Source:               ZTE
[bookmark: OLE_LINK19]Title:                    Discussion on Wake-up signal for MTC
Agenda item:      6.2.1.1
Document for:    Discussion and Decision

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 group MWUS, the discussion on multiplexing of group MWUS is based on the group MWUS with the same DRX/eDRX gap configuration. Therefore, the group number should be the number of groups corresponding to the one DRX/eDRX gap. There are three DRX/eDRX gap configurations, so at the maximum three group number should be configured by SIB. The value of group numbers can be same or different.
Proposal 1: At the maximum three group numbers should be configured by SIB.
MWUS resource
In RAN1#96 meeting, the following conclusion was made for MWUS resource of Rel-16 group MWUS:
· 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)
If up to 2 orthogonal MWUS resources may only be configured in time domain, the collision is more serious. Because the Rel-16 group MWUS may be collided with other MWUS which is based on other gap, other PO and other DL signals. If up to 2 orthogonal MWUS resources may only be configured in frequency domain, the impact to Rel-16 group MWUS performance cannot be ignored when the power cannot be borrowed. The result is more power will be consumed for Rel-16 group MWUS. If up to 2 orthogonal MWUS resources may be configured per dimension, there are up to 4 MWUS resources in total. That means more groups can be supported. The benefit of more groups is the false wake-up rate can be reduced, but the resource overhead is too large and the disadvantages of the first two candidates are more obvious. Therefore, we propose that up to 2 orthogonal MWUS resource may be configured either in time or frequency domain.
Proposal 2: Up to two orthogonal MWUS resources may be configured either in time or frequency domain (only one of the two can be configured).
The following issue which was discussed in RAN1#96 meeting is also related to MWUS resource：
· FFS: whether one of the WUS resources is configured to be shared with legacy WUS
If one of the MWUS resources is configured to be shared with legacy MWUS, only partial of Rel-16 group MWUS and legacy MWUS are in the same MWUS resource. That means the multiplexing between Rel-16 group MWUS is single-seq CDM + TDM or single-seq CDM + FDM. If one of MWUS resources is not configured to be shared with legacy MWUS, the multiplexing between Rel-16 group MWUS is single-seq CDM and the multiplexing between Rel-16 group MWUS and legacy MWUS is TDM/FDM. Considering flexibility, we slighter prefer that whether one of MWUS resources is shared with legacy MWUS is configured by eNB.
Proposal 3: Whether one of the MWUS resources is shared with legacy MWUS is configured by eNB.
Common MWUS
In RAN1#96 meeting, the following conclusion was made for common MWUS:
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
In fact, the Rel-15 WUS UE can be considered as a special group UE. The FFS boils down to the question of if the common WUS can be configured to wake up a subset of all UE groups. There are two alternatives:
· Alt A: Common MWUS is additionally used to wake up a subset of all Rel-16 group MWUS.
· Alt B: Common MWUS is only used to wake up all Rel-16 group MWUS. 
There is an example, the details are shown in Table 1 and Table 2 where common MWUS 1 and common MWUS 2 is used to wake-up a subset of all Rel-16 group MWUS. Common MWUS 1 is used to wake UEs corresponding to group 1 and group 2 should be waked up. Common MWUS 2 is used to wake up UEs corresponding to group 3 and group 4.
Table 1 Group MWUS vs sequence index for Alt A
	Transmitted WUS
	sequence

	group MWUS 1
	sequence 1

	group MWUS 2
	sequence 2

	group MWUS 3
	sequence 3

	group MWUS 4
	sequence 4

	common MWUS 1
	sequence 5

	common MWUS 2
	sequence 6

	common MWUS
	sequence7



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

	group MWUS 1
	sequence 1

	group MWUS 2
	sequence 2

	group MWUS 3
	sequence 3

	group MWUS 4
	sequence 4

	common MWUS
	sequence 5


Based on the simulation result [2], we see that the false wake-up rate of Alt A is lower than Alt B. This is because it is very unlikely that all the Rel-16 UE needs to be waked up are in the same group when grouping is based on UE_ID. Therefore, without common MWUS 1 and common MWUS 2, the number of false wake-up is increase. In order to further reduce false wake-up, the grouping based on service-type was discussed in RAN#2. This is because the number of false wake-up may be reduced if Rel-16 UEs of similar service-type are in the same group. But without common MWUS1 or common MWUS2, the number of false wake-up which was caused by waking up from other groups is not reduced. The false wake-up rate of UE with lower paging rate is shown in Figure 1. In the simulation, it is assumed that there are two levels of paging rate. The value of one level of paging rate is ten times as much as another one.
[image: FWU]
Figure 1  False wake-up rate of Rel-16 UEs
Take the paging rate is 0.01 as example, the false wake-up rate of UE is 0.0422 and 0.1647, respectively. It is known that the higher false wake-up rate means the less power consumption will be reduced. Considering the intention of Rel-16 group MWUS is for further UE power consumption reduction, Alt A is preferred.
For common MWUS, the issue whether only one sequence is used for common MWUS and legacy MWUS should also be discussed. If only one sequence is used for both common MWUS and legacy MWUS, the false wake-up rate may be increased. Based on simulation result [2], we see that the false wake-up of Rel-16 UEs is also affected by Rel-15 UEs if legacy MWUS is used for common MWUS. If another sequence is introduced for common MWUS, it is possible common MWUS and legacy MWUS are simultaneous transmitted. Therefore MWUS performance may be impacted. Common MWUS and legacy MWUS can be transmitted with different PO, but the impact on paging delay cannot be ignored.
Based on above analysis, we propose that the common MWUS can be configured to wake up a portion of Rel-16 MWUS UE and/or Rel-15 legacy UE. The number of common MWUS is more than one.
Proposal 4:  The common MWUS can be configured to wake up a portion of Rel-16 MWUS UE and/or Rel-15 legacy UE. 
· The number of common MWUS is more than one.
Sequence design
In RAN1 #96 meeting, the following agreement for Rel-16 group MWUS sequence has been reached:
UE-group MWUS sequence is same as UE-group NWUS per RB and the same sequence is repeated in two PRBs.
Considering the sequence of MWUS is obtained by repeating NWUS sequence, therefore simulation results [3] can be reused. Based on the simulation result, we slightly prefer legacy NWUS + phase shift.
Proposal 5: Legacy NWUS + phase shift is preferred.  
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 6: 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 proposals:
Proposal 1: At the maximum three group numbers should be configured by SIB.
Proposal 2: Up to 2 orthogonal MWUS resources may be configured either in time or frequency domain (only one of the two can be configured).
Proposal 3: Whether one of the MWUS resources is shared with legacy MWUS is configured by eNB.
Proposal 4:  The common MWUS can be configured to wake up a portion of Rel-16 MWUS UE and/or Rel-15 legacy UE. 
· [bookmark: _GoBack]The number of common MWUS is more than one.
Proposal 5: Legacy NWUS + phase shift is preferred.
Proposal 6: If further enhancement is needed for SI update, cell specific MWUS can be considered. 
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