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Introduction
A new RAN1-led Working Item on Rel-16 enhancements for NB-IoT was approved at RAN Plenary #80 [1].  In RAN1#97, the following agreements requiring further study were made on specific support of UE-group Wake Up Signal.
Working Assumptions
· 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
· The UE may assume that the transmit power for Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.
· The maximum WUS duration for the Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.
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.
· 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
In this contribution, aspects of UE group Wake up Signal are further discussed.
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Number of UE groups for UE-group WUS
[bookmark: _Toc529800359]RAN1#95 made agreement that the number of UE groups is configurable and broadcasted in SIB. It is for further study details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO.
The grouping for legacy UEs is the same as paging group with G=1. The configuration for paging group is linked to UE_ID and DRX/eDRX based on paging parameters nB and defaultPagingCycle-r13/T broadcast via SIB. The number of UE groups for WUS can be very large if the number of sequences for single sequence CDM is sufficient to accommodate all the UE groups. 
Observation 1: The number of UE groups for WUS can be large if the number of sequences for single sequence CDM is large. 
When a larger number of UE groups is used, the following can be expected:
· Wake up probability reduces since number of UEs in a same UE group becomes smaller.
· Paging probability increases since scheduling a common WUS in WUS resource shared by the UE groups becomes more likely.
· WUS detection probability reduces since WUS detector must determine UE group specific WUS sequence or common WUS sequence from a larger set of  WUS sequences
There is a trade-off between UE’s main receiver wake up (i.e. UE’s power consumption) and paging probability with larger number of UE groups. Consider a group of UEs with same duty cycle, evenly paged in the duty cycle, and idle mode DRX cycle 2.56 sec. The paging probability is shown  in Table 1. The wake up probability for a UE in a DRX cycle can be determined by  , where x is the paging probability of a UE in a DRX cycle and n is number of UE associated to a UE group. The UE’s main receiver wake up probability is shown in Figure 1. For example, we have
· with 100 UEs associated to a UE-group WUS and duty cycle 1 min, the UE’s main receiver wake up probability is 0.99. 
· with 50 UEs associates to a UE-group WUS and duty cycle 15 mins, the main receiver wake up probability is 0.13. 

	Duty cycle
	1 min
	5 mins
	10 mins
	15 mins
	30 mins
	60 mins

	Paging probability 
	0.0427
	0.0085
	0.0043
	0.0028
	0.0014
	0.0007


Table 1: Duty cycle and paging probability of UEs in a WUS group
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Figure 1: WUS association and UE’s main receiver wake up probability
Note that the number of UE groups decreases as the number of UEs per UE group increases.  This suggests that a larger number of UE groups (i.e a smaller number of UEs per UE group) will result in a lower wake probability.
Observation 2: The number of UE groups for WUS depends on compromise between wake up probability, paging probability, and WUS detection probability. 
Up to 2 time-multiplexed WUS resources, where a UE group is designed as single sequence CDM.  It was agreed in RAN1 that 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), where w’(m) is the legacy WUS sequence. The details of g and G are for further study. 
To avoid erroneous WUS detection between sequences allocated to UE groups, cross-correlation between sequences must be minimized with adequate restrictions in the choice of g and G. A proposed design in [2] is to set G=132 in wgroup(m’) = w(m’) exp(j2πgm/132), where w(m') is the legacy WUS sequence in subframe x with sequence index m=0,1,…,131 and m'=m+132x. Two cases were considered for the value of g:
· Case 1: All possible sequence pairs are free of correlation peaks within the maximum possible offset within a symbol duration


· Case 2: All possible sequence pairs are free of strong correlation peaks within an offset less than ±5/12 of a symbol duration


[bookmark: _GoBack]In both cases, IDgroup =0 yield the legacy WUS. We have preference for case 1 to minimize impact on UE group WUS detection probability
The legacy WUS sequence：

· With G=132, we have  , which requires a phasor computation and a multiplier for the implementation in the addition to the legacy WUS. 

· With G=131, we have , where only one adder for the implementation in the addition to the legacy WUS, which is simpler. 

The correlation properties in both cases with G=131 and G=132 could be further studied.

Proposal 1: Legacy WUS with phase shifts uses group WUS sequence wgroup(m’) = w(m’) exp(j2πgm/G) with 
G=131 or 132 – correlation properties are FFS
 and where 


Conclusion
In this contribution, we discussed design aspects for NB-IoT coexistence with NR and made the following observations and proposals.
Observation 1: The number of UE groups for WUS can be large if the number of sequences for single sequence CDM is large. 
Observation 2: The number of UE groups for WUS depends on compromise between wake up probability, paging probability, and WUS detection probability. 
Proposal 1: Legacy WUS with phase shifts uses group WUS sequence wgroup(m’) = w(m’) exp(j2πgm/G) with 
G=131 or 132 – correlation properties are FFS
 and where 
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