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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One of the objectives of the Rel-16 work item on additional enhancements for NB-IoT [1] 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: _Hlk515907437]Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


In RAN1#98 [2], the following agreements were made with respect to UE-group WUS.
	Agreement
[bookmark: _Toc17459340]The maximum number of UE groups per WUS resource is 8. 

Agreement
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)

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

Agreement
· [bookmark: _Toc17459345]Different WUS resources use different scrambling initialization, c_init

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

[bookmark: _Toc17884984]Agreement
G = 132 and g = 14*(UE_group_index+1), 0 ≤ UE_group_index ≤ 7

Working Assumption
The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS
[bookmark: _Toc17884986]
Agreement
The following working assumption is confirmed with the modification and under the condition that the eNB can set the power offset between Rel-15 and Rel-16 sequences (UE does not need to know the power offset)
· [bookmark: _Toc17884987]UE may assume the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.
· [bookmark: _Toc17884988]Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence


In this paper, we give a detailed analysis on several aspects of UE-group WUS.
Number of UE groups
In RAN1#95 [6], it has been agreed that the number of UE groups is configurable and broadcasted in SIB, and FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO.
As shown in Figure 1, let  denote the configured number of UE groups at the legacy WUS resource and new WUS resource respectively. It is beneficial to achieve load balancing between WUS resources if  can be configured individually.
For example, in the short term, the number of R15 UEs are much larger than the number of R16 UEs, then the eNB can configure very few ( is small) R16 UE groups at the legacy WUS resource to avoid negative impact on R15 UEs. When the amount of R16 UEs increases, the eNB can configure more R16 UE groups at the legacy WUS resource (by increasing ) to achieve better load balancing.
[bookmark: _Ref20326645]Observation 1: Depending on the penetration percentage of R16 UEs, the eNB can flexibly adjust the number of R16 UE groups at the legacy/new WUS resource by choosing proper values of , and thus better utilizing network resource.
[bookmark: _Ref20326630]Proposal 1: The number of UE groups at the legacy WUS resource and new WUS resource are configured individually.

[bookmark: _Ref19725940]Figure 1 Illustration of the number of UE groups at the legacy WUS resource and new WUS resource
In RAN1#98 [2], it has been agreed that the maximum number of UE groups per WUS resource is 8. Therefore, a proper value set of the number of UE groups can be {2, 4, 6, 8}.
[bookmark: _Ref20326633]Proposal 2: The number of UE groups per WUS resource takes value from a set of {2, 4, 6, 8}.
As shown in Figure 1, for simplicity, assume the UE group ID is continuously numbered across the two WUS resources, i.e.,  when the group is mapped to the legacy WUS resource, and  when the group is mapped to the new WUS resource. The benefit of continuously numbering across the two WUS resources is that once the UE obtains the UE group ID , the UE knows where to the monitor the WUS sequence and no extra signaling is required.
[bookmark: _Ref20326634]Proposal 3: The UE group ID is continuously numbered across the two WUS resources by using pre-defined rules.
UE group alternating between WUS resources
To solve the fairness issue, it has been agreed in RAN1#98 [2] that the specification supports configurability to enable UE group to alternate between WUS resources.
Figure 2 is an illustration of UE group alternating between WUS resources. In Figure 2, we assume the configured number of UE groups at the legacy WUS resource and new WUS resource are 4 and 8, i.e., . Thus, there are 12 UE groups in total, and let  denote the group ID. Assume at some PO (e.g., PO#n), the mapping of group ID to WUS resource is: group ID {0, 1, 2, 3} are mapped to legacy WUS resource, and other groups are mapped new WUS resource. Then if UE group alternating between WUS resources is enabled, group ID {8,9,10,11} will be mapped to legacy WUS resource at the next PO (e.g., PO#n+1), and group ID {4,5,6,7} will be mapped to legacy WUS resource at PO#n+2. As a result, each UE group has each chance of being mapped to legacy WUS resource and new WUS resource, thus achieving fairness among UE groups.

[bookmark: _Ref19727362]Figure 2 Illustration of UE group alternating between WUS resources
To implement the UE group alternating in Figure 2, a 2-step mechanism is proposed as follows:
· Step 1: Calculate a temporary variable x based on

· : configured number of UE groups at the legacy/new WUS resource
· : the minimum of configured number of UE groups of each WUS resource
· : the sum of configured number of UE groups of each WUS resource
· : UE group ID
· SFN, Hyper SFN: System Frame Number and Hyper-SFN of the current PO
·  DRX cycle
· Step 2: Obtain the WUS resource ID based on x and the “x-to WUS resource” mapping table in Table 1
[bookmark: _Ref19728663]Table 1 “x-to WUS resource” mapping table
	x
	: WUS resource ID

	
	: legacy WUS resource

	
	: new WUS resource



It can be easily verified that the proposed 2-step mechanism can achieve UE group alternating between WUS resources as shown in Figure 2. And the proposed 2-step mechanism can be easily extended to eMTC where up to 4 WUS resources can be configured, the details are given in our companion paper [10].
[bookmark: _Ref20326636]Proposal 4: The UE group alternating between WUS resources is implemented via a 2-step mechanism as follows:
· Step 1: Calculate a temporary variable x based on

· : configured number of UE groups at the legacy/new WUS resource
· : the minimum of configured number of UE groups of each WUS resource
· : the sum of configured number of UE groups of each WUS resource
· : UE group ID
· SFN, Hyper SFN: System Frame Number and Hyper-SFN of the current PO
·  DRX cycle
· Step 2: Obtain the WUS resource ID based x and the “x-to WUS resource” mapping table in Table 1

UE grouping
In RAN1#94bis [7], it has been agreed that from a RAN1, perspective, UE grouping is based on at least UE ID or some function of UE ID.
UE-ID-based grouping is a straightforward way of grouping, which is quite similar to the determination of PO. Other rules, such as service-based grouping, can also be considered. For example, UEs with the same or similar paging traffic pattern can be grouped together to further reduce the false alarm probability. 
Generally, how to group UEs is a RAN2 issue. So RAN1 can wait for the conclusion of the RAN2 discussions on UE grouping, and discuss the RAN1 impact as needed.
WUS sequence design
1.1 Group WUS sequence in the same WUS resource
In RAN1#98 [2], the following agreements with respect to group WUS sequence in the same WUS resource were made.
	Agreement
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)

Agreement
G = 132 and g = 14*(UE_group_index+1), 0 ≤ UE_group_index ≤ 7


As shown in Figure 2, assume the UE group ID is continuously numbered across the two WUS resources, i.e., , then a modulo function is needed to map  to UE_group_index as follows: UE_group_index, where is the configured number of UE groups in the corresponding WUS resource which the UE is monitoring, i.e., .
[bookmark: _Ref20326637]Proposal 5: In g = 14*(UE_group_index+1), UE_group_index
· : UE group ID
· : the configured number of UE groups in the WUS resource which the UE is monitoring, i.e., 
1.2 Group WUS sequence in different WUS resources
In RAN1#98 [2], it has been agreed that Different WUS resources use different scrambling initialization, c_init.
As shown in Figure 2, let  denote the WUS resource ID, where  represents legacy/new WUS resource. Since two bits in the initialization seed  of R15 WUS are reserved, it is straightforward to convey  as follows:

where .
[bookmark: _Ref20326638]Proposal 6: For group WUS sequence generation, the scrambling initialization, , is defined as , where  represents legacy/new WUS resource.
DL gap
In Rel-13 NB-IoT, the DL gap mechanism is introduced to avoid blocking the DL channel when scheduling for a deep coverage UE. For example, for paging if the Rmax for type 1 CSS is larger than or equal to  which is configured by SIB, the NPDCCH scrambled by P-RNTI would have DL gaps and then the NPDCCH transmission is postponed for DL gap. 
In Rel-15, the maximum duration of WUS is configured from {1,2,4,8,16,32,64,128,256,512,1024}. In Rel-16, the group WUS will be specified to reduce the false wake up probability to save UE’s power. If deep coverage UEs need to be waken up to receive paging, WUS or group WUS transmission would last for a long time so the DL channel would be blocked for a long time in this case. Moreover in Rel-16, two group WUS resources can be configured so the total WUS actual duration may become longer compared to Rel-15, which would block the DL channel longer. Figure 3 is an example where we assume group WUS actual duration equal to  in each group WUS resource.
[bookmark: _Ref20326646]Observation 2: Group WUS transmission would block the DL channel if a deep coverage UE needs to be waken up to receive the paging.

[bookmark: _Ref19732258]Figure 3 Illustration of group WUS transmission
To solve this issue, the DL gap mechanism also needs to be introduced for group WUS transmission. That is, the group WUS transmission can have DL gap s if the maximum duration of WUS  is larger than or equal to  which is the same with the DL gap s in paging. 
When group WUS transmission overlaps with DL gap, the simplest way is to drop group WUS but it may have some impact to its detecting performance. Another way is to adopt the same mechanism as paging, i.e. postpone the group WUS transmission. Based on this we have the following proposal.
[bookmark: _Ref20326639][bookmark: _GoBack]Proposal 7: There are DL gaps for group WUS transmission if  is larger than or equal to . FFS group WUS in DL gaps is dropped or postponed.
Conclusion
The contribution discusses the design of group WUS. Some observations and proposals based on the analysis in the contribution are summarized as following.
Proposal 1: The number of UE groups at the legacy WUS resource and new WUS resource are configured individually.
Proposal 2: The number of UE groups per WUS resource takes value from a set of {2,4,6,8}.
Proposal 3: The UE group ID is continuously numbered across the two WUS resources. using pre-defined rules
Proposal 4: The UE group alternating between WUS resources is implemented via a 2-step mechanism as follows:
· Step 1: Calculate a temporary variable x based on

· : configured number of UE groups at the legacy/new WUS resource
· : the minimum of configured number of UE groups of each WUS resource
· : the sum of configured number of UE groups of each WUS resource
· : UE group ID
· SFN, Hyper SFN: System Frame Number and Hyper-SFN of the current PO
·  DRX cycle
· Step 2: Obtain the WUS resource ID based x and the “x-to WUS resource” mapping table in Table 1

Proposal 5: In g = 14*(UE_group_index+1), UE_group_index
· : UE group ID
· : the configured number of UE groups in the WUS resource which the UE is monitoring, i.e., 

Proposal 6: For group WUS sequence generation, the scrambling initialization, , is defined as , where  represents legacy/new WUS resource.
Proposal 7: There are DL GAPs for group WUS transmission if  is larger than or equal to . FFS group WUS in DL GAPs is dropped or postponed.

Observation 1: Depending on the penetration percentage of R16 UEs, the eNB can flexibly adjust the number of R16 UE groups at the legacy/new WUS resource by choosing proper values of , and thus better utilizing network resource.
Observation 2: Group WUS transmission would block the DL channel if a deep coverage UE needs to be waken up to receive the paging.
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