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1. Introduction

In RAN2#107, the following agreements on WUS were made as in [1]:
	Agreements 
· Paging probability information is negotiated between the UE and MME via NAS signalling

· This paging probability information needs to be provided by S1 paging 

· eNB configures, via broadcast, the relation between this paging probability information and WUS group on Uu interface.


In RAN1#98, the following agreements on WUS for additional MTC enhancement and additional enhancement for NB-IOT were made as in [2]:

	Agreements 
· Both options can be configured simultaneously to have up to 4 orthogonal WUS resources including legacy WUS resource

· Up to 2 orthogonal resources including legacy WUS resource may be configured in time domain

· Up to 2 orthogonal resources may be configured in frequency domain

· Note: The two orthogonal resources do not necessarily include the legacy WUS resource

· The maximum number of UE groups per WUS resource is 8.

· Different WUS sequences are used in same/different WUS resources.

· A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs.


	Agreements 
· The maximum number of UE groups per WUS resource is 8. 

· The following WA is confirmed:

· 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 w_(group)(m’) = w(m’) exp(j2πgm/G)

· The specification supports configurability to enable UE group to alternate between WUS resources

· A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs


In RAN1#96bis, the following agreements on WUS for additional enhancement for NB-IOT were made as in [3]:

	Agreements
· Up to 2 time-multiplexed WUS resources, for both legacy WUS and group WUS, may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.

· Group WUS location in relation to legacy WUS may be configured such that:

· If one group WUS resource is configured, that group WUS resource may be configured to coincide with the legacy WUS resource or to occur immediately before the legacy WUS resource, and,

· If two group WUS resources are configured, the first group WUS resource coincides with the legacy WUS resource and the second group WUS resource occurs immediately before the first group WUS resource.
· Per default, all gaps use the same group WUS configuration regarding number of groups and group WUS resource allocation.

· Optionally, eDRX gap(s) may be configured individually if separate from the DRX gap.


In this contribution, it mainly focuses on the WUS configuration, discusses several details including the number of UE groups for grouping rule, the threshold configuration for paging probability information based grouping and the WUS configuration for carrier.
2. Discussion
Bases on the agreement in RAN1#98 and RAN1#96bis meeting, as in [4], two WUS resource will be time-multiplexed for NB-IOT UE, and four WUS resource be multiplexed in two orthogonal time resources and two orthogonal frequency resources for eMTC UE, the maximum number of UE groups per WUS resource is 8, hence, the maximum number of UE groups for NB-IOT and eMTC is separately 16 and 32 from the view of group WUS sequences in physical layer. 
In RAN2, the grouping rule including UE-ID based and paging-probability-information based will be applied to distribute UEs into the groups associated to WUS sequences, UE will compute out a UE group it belongs to based on its grouping rule. The mapping of UE groups for grouping rule and group WUS sequences in physical layer will be explicitly or implicitly configured by eNB to UE, it can be seen that the number of UE groups applied by grouping rule should not be larger than the number of WUS sequences for grouping rule in physical layer. For example, the number of group WUS sequence applied in eNB is 15 for grouping rule except the common WUS, the number of UE groups applied by grouping rule should not be larger than 15 in RAN2, otherwise multiple UE groups should be mapped to the same WUS sequence, the configuration for mapping will be very complex, and the reducing of wrong paging alarm probability could also be achieved by grouping these UE in the same group which is eNB implementation, it is not necessary to introduce the case that multiple UE groups will be mapped to the same WUS sequence except the common WUS.
Proposal1: For group WUS configuration, the maximum number of UE groups applied by grouping rule in RAN2 should be the same as the number of WUS sequences for grouping except the common WUS sequence.
As in figure.1, for NB-IOT UE, two WUS resource are time-multiplexed, the gap could be DRX gap, eDRX short gap, or eDRX long gap, the WUS resource or the number of WUS sequences in each gap could be same or different since the UE number on each gap could be different. This will lead to the mapping of UE with paging-probability-information to the group will be per gap. The eNB needs configure the threshold of paging-probability-information based group based on the number of WUS sequences per gap type. However, it is feasible to configure the same number of WUS resource and the same number of WUS sequences on each WUS resource for each gap, which is configured based on the gap type with the largest UE number. Then the threshold of paging-probability-information based group could be same to each gap type, the signaling overhead could be reduced and wrong paging alarm is also reduced, although more WUS resource or WUS sequences needs to be applied in eNB.
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Figure1. An example of WUS design
Proposal2: The threshold of paging-probability-information based grouping could be common to all the gap type.
In R16, the paging could be transmitted in multiple carriers as in R15. The WUS configuration could be different in each carrier. For example, the WUS resource number or the number of WUS sequences could be configured based on the loading level of paging on a carrier. However, it is believed that the more the UE groups is the better of performance of grouping is, thus it is feasible to configure the WUS resource and WUS sequences on each carrier based on the carrier with the heaviest load level, this will guarantee the performance of grouping to reduce wrong paging alarm, and avoid the signaling overhead on WUS configuration to each carrier.
Proposal3: The group WUS configuration should not be defined per carrier.
3. Conclusion
In this contribution, the issues on WUS configuration are discussed, and we have the following proposals：
Proposal1: For group WUS configuration, the maximum number of UE groups applied by grouping rule in RAN2 should be the same as the number of WUS sequences for grouping except the common WUS sequence.
Proposal2: The threshold of paging-probability-information based grouping could be common to all the gap type.
Proposal3: The group WUS configuration should not be defined per carrier.
4. References 

[1] R2-1911575, “RAN2 agreements for Rel-16 additional enhancements for NB-IoT and MTC”, BlackBerry, RAN2#107, Prague, Czech Republic, 26-30 August 2019
[2] “Draft Report of 3GPP TSG RAN WG1 #98 v0.2.0”, RAN1#98, Prague, Czech Republic, 26-30 August 2019
[3] R1-1905921, “Final Report of 3GPP TSG RAN WG1 #96b v1.0.0”, RAN1#96bis, Xi’an, China, 8-12 April 2019
[4] “Email discussion [107#57][NB-IoT/eMTC R16] Configuration details of UE-ID and paging probability based WUS groups”, ZTE, Chongqing, China, 14th – 18th October 2019
1

Short gap
Long gap
DRX gap
R15 WUS

R16 WUS 
Sequency n’
R16 WUS 
Sequency 0
R15 WUS

R16 WUS 
Sequency n”
R16 WUS 
Sequency 0
R15 WUS

R16 WUS 
Sequency n
R16 WUS 
Sequency 0
R16 WUS 
Sequency m”
R16 WUS 
Sequency 0

R16 WUS 
Sequency m‘
R16 WUS 
Sequency 0

R16 WUS 
Sequency m
R16 WUS 
Sequency 0

WUS Resource1
WUS Resource2
WUS Resource1
WUS Resource2
WUS Resource1
WUS Resource2
PO



