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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK2]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
MWUS duration and transmit power
In RAN1#97 meeting, the working assumption on MWUS duration and transmit power is shown as follows:
· UE assumes the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.
· Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.
In Rel-15, UE detects one legacy MWUS sequence. And in Rel-16, UE will detect at least two sequences if common MWUS is configured. Based on the simulation result [2], the performance difference between detecting one sequence and two sequences is nearly 1dB. In Figure 1, the miss detection rate of UE with different number of detection sequences is shown. 
[image: 07311]
Figure 1 Miss detection rate of MWUS
In Table 1, the required MWUS repetition number is shown when the miss detection rate is less than 0.01. 
Table 1 Required repetition number of MWUS
	
	Required repetition number of MWUS

	SNR=-7dB
（1 Tx）
	One detection sequence
	Two detection sequences
	Three detection sequences

	
	32
	64
	64


Based on Table 1, we can observe that the required MWUS repetition number of legacy MWUS and Rel-16 group MWUS is different. Therefore we propose to revert the working assumption in RAN1#97 and let eNB configure the UE transmit power and MWUS max duration.
Proposal 1: Max duration and transmit power of Rel-16 MWUS can be configured.
MWUS resource
In RAN1#97 meeting, the following conclusion was made for MWUS resource of Rel-16 group MWUS:
Support the following options for WUS resource configuration
· Up to 2 orthogonal resources may be configured in time domain.
· Up to 2 orthogonal resources may be configured in frequency domain
· FFS: both options can be configured simultaneously to have up to 4 orthogonal WUS resources
Maximum total number of WUS resources is no larger than 4 including the legacy WUS resource
 If both options can be configured simultaneously to have up to 4 orthogonal MWUS resources, the number of UEs on each WUS resource is smaller than only 2 MWUS resources. The benefit is the false wake-up rate can be reduced. But the resource overhead of 4 MWUS resources is too large. The collision between MWUS and other MWUS/MPDCCH is more serious and the impact to Rel-16 group MWUS performance cannot be ignored when the power cannot be borrowed. Therefore, we propose that up to 2 orthogonal MWUS resource may be configured either in time or frequency domain. Considering grouping based on service type is still under discussion by RAN2. The maximum total number of MWUS resource can be affected by grouping scheme, therefore the maximum total number of MWUS resource can be larger than 2 if more than two service types are supported.
Proposal 2: The maximum total number of MWUS resource can be larger than 2 if more than two service types are supported.
If there are two MWUS resources and one is legacy MWUS resource, the issue of how  Rel-16 group MWUS is (are) mapped on legacy MWUS resource should be considered. It is well known that the detection performance is affected by the maximum number of groups. Considering the detection performance, we propose the number of Rel-16 group MWUS on each resource is as uniform as possible.
Proposal 3: The number of Rel-16 group MWUS allocated on each MWUS resource shall be as uniform as possible when there are two MWUS resources. 
It has been proposed that UE group weighting is introduced because more false wake-up rate may be caused by legacy MWUS when there are two MWUS resources. The false wake-up rate of Rel-16 UE is shown in Figure 2 wherein the total number of UE is 100 and the number of Rel-16 UE depends on the ratio of legacy UE and total number of UE.  
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(a) legacy UE: 20%
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(b) legacy UE:35%
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(c) legacy UE: 50%
Figure 2 Fasle wake-up rate of Rel-16 UE
Based on the simulation result, we observe that: 
· When the ratio of legacy UE is 20%, the false wake-up rate of Rel-16 UE with different group weighting is similar.
· When the ratio of legacy UE is 35%, the false wake-up rate of Rel-16 UE with UE group weighting is lower than without UE group weighting. But the false wake-up rate of Rel-16 UE with UE group weighting is similar with all Rel-16 UE on one MWUS resource.  
· When the ratio of legacy UE is 50%, the false wake-up rate of Rel-16 UE on one MWUS resource is the lowest.
Therefore, we propose that UE group weighting is not supported.
Proposal 3: UE group weighting is not supported.
If there are two MWUS resources, the power assumption of UEs who are always assigned to the first MWUS resource is higher because those UEs need to wake up earlier. If UEs are assigned to the MWUS resource which contains legacy MWUS, the false wake-up of those UEs is higher because legacy MWUS is used to wake up all Rel-15 UEs. Therefore, the unfairness between UEs should be considered. A direct scheme to solve the unfairness is to introduce UE hopping. For example, the mapping between UE_ID and UE group ID can be changed on different POs. But the complexity of introducing UE hopping also needs to be considered.
Observation 1: The issue of UE unfairness can be solved by UE hopping, but the complexity of introducing UE hopping also needs to be considered.  
Common MWUS
In RAN1#96 meeting, the following conclusion was made for common MWUS:
Each UE monitors up to X WUS sequences. 
· Value of X will be selected between 2 and 3
· X=3 can only be supported if a common WUS for a subset of UE groups for service-based grouping is supported
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 MWUS for a subset of UE groups, the number of false wake-up which was caused by waking up from other groups is not reduced. For UE with low paging rate, the impact is more serious. One example that there are two levels of paging rate when grouping based on service-type is shown. The details of MWUS are shown in Table A, Table B, Table C&D.
Table A Group MWUS vs sequence index
	Transmitted WUS
	sequence

	group MWUS 1 ( low paging rate )
	sequence 1

	group MWUS 2 ( low paging rate )
	sequence 2

	group MWUS 3 ( high paging rate )
	sequence 3

	group MWUS 4 (high paging rate )
	sequence 4

	common MWUS 1 ( high paging rate )
	sequence 5

	common MWUS 
	sequence6


Table B Group MWUS vs sequence index 
	Transmitted WUS
	sequence

	group MWUS 1 ( low paging rate )
	sequence 1

	group MWUS 2 ( low paging rate )
	sequence 2

	group MWUS 3 ( high paging rate )
	sequence 3

	group MWUS 4 ( high paging rate )
	sequence 4

	common MWUS
	sequence 5



Table C Group MWUS vs sequence index
	Transmitted WUS
	sequence

	group MWUS 1 ( low paging rate )
	sequence 1

	group MWUS 2 ( low paging rate )
	sequence 2

	group MWUS 4 ( high paging rate )
	sequence 3

	group MWUS 5 ( high paging rate )
	sequence 4

	group MWUS 6 ( high paging rate ) 
	sequence 5

	common MWUS
	sequence 6


Table D Group MWUS vs sequence index
	Transmitted WUS
	sequence

	group MWUS 1 ( low paging rate )
	sequence 1

	group MWUS 2 ( low paging rate )
	sequence 2

	group MWUS 4 ( low paging rate )
	sequence 3

	group MWUS 5 ( high paging rate )
	sequence 4

	group MWUS 6 ( high paging rate ) 
	sequence 5

	common MWUS
	sequence 6



Assume that the value of high level of paging rate is Y times as much as low level one. The false wake-up rate of UEs with different paging rate is shown in Figure 3.
· Y=10
[image: 08161]


· Y=6
[bookmark: _GoBack][image: 08162]                                                                                                                                                                                                                                  
Figure 3  False wake-up rate of Rel-16 UEs with low paging rate
Based on the simulation result, we observe that:
· For UEs with low paging rate, the false wake-up rate of Table A is lowest .
Therefore, the false wake-up rate can be reduced if common MWUS for a subset of UE groups is supported. Considering the intention of Rel-16 group MWUS is for further UE power consumption reduction, we propose common MWUS for a subset of UE groups for service-based grouping is supported. This also means X=3.
Proposal 4: Common MWUS is additionally used to wake up a subset of all Rel-16 group MWUS for service-based grouping.
Proposal 5: Three detection sequences should be supported.
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 the details of sequence design is same as NB-IoT [3].
Proposal 6: The details of MWUS sequence design shall be the same as NB-IoT.  
Conclusions
In this contribution, we have discussed the Rel-16 group MWUS for MTC. We make the following observation and proposals:
Observation 1: The issue of UE unfairness can be solved by UE hopping, but the complexity of introducing UE hopping also needs to be considered.  
Proposal 1: Max duration and transmit power of Rel-16 MWUS can be configured.
Proposal 2: The maximum total number of MWUS resource can be larger than 2 if more than two service types are supported.
Proposal 3: UE group weighting is not supported.
Proposal 4: Common MWUS is additionally used to wake up a subset of all Rel-16 group MWUS for service-based grouping.
Proposal 5: Three detection sequences should be supported.
Proposal 6: The details of MWUS sequence design are same as NB-IoT.  
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