3GPP TSG RAN WG1 Meeting #94bis	R1-1810082
Chengdu, China, October 8 – 12, 2018

Agenda Item:	6.2.2.1
Source:	Huawei, HiSilicon
Title:	On support for UE-group wake-up signal
Document for:	Discussion and decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [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: _Hlk515907437]Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


In RAN1#94 [2], the following agreements were made with respect to UE-group WUS.
	Agreement:
UE-group WUSs are only multiplexed in the same carrier as associated PO
· FFS TDM/CDM for UE-group NWUS multiplexing

Agreement
Rel-16 UE-group NWUS sequence should consider at least
· Fallback to legacy UE behavior
· Inter-cell interference randomization
· UE group ID for different UE-group NWUS
· Reuse of Rel-15 sequences is not precluded
· Effect of sequence detection on UE complexity

Agreement
Study the RAN1 consequence of UE-grouping on the following basis:
· UE ID
· Coverage
· DRX/eDRX
· Gap configuration
· Services


In this paper, we give a detailed analysis on several aspects of UE-group WUS.
UE grouping
UEs belonging to the same PO can be grouped based on different rules. In RAN1#94 [2], it has been agreed to study the RAN1 consequence of UE-grouping on the following basis: UE ID, Coverage, DRX/eDRX, Gap configuration, Services. In this section, we analyze the RAN1 impact of each of these UE grouping rules.
· Gap configuration
In NB-IoT Rel-15, up to 3 WUS gaps (DRX-gap, eDRX-short-gap, eDRX-long-gap) can be configured. Different UEs may be configured with different WUS gaps. If UEs with different WUS gaps are grouped together, then the eNB might have to transmit multiple WUS when paging UEs monitoring the same PO but with different WUS gaps.
Observation 1: If UEs with different WUS gaps are grouped together, then the eNB might have to transmit multiple WUS when paging UEs belonging to the same UE group.
· DRX/eDRX (1-to-N mapping)
In NB-IoT Rel-15, UEs in eDRX can be configured with 1-to-N mapping, i.e., 1 WUS mapping to N POs, to reduce power consumption. It could be considered that UEs configured with 1-to-N mapping and UEs configured with 1-to-1 mapping belong to different UE groups to prevent the former UEs from being triggered to unnecessarily monitor the subsequent N POs for NPDCCH [3]. 
· Others: UE ID, Coverage, Services
A straightforward way of grouping is UE-ID-based grouping, which can be quite similar to the determination of PO and has been discussed by RAN2 in Rel-15 [5][6]. As for coverage-based UE grouping, the main concern is that UE coverage level may change during idle mode since the UE can be mobile, so that the benefits of coverage-based UE grouping is unclear. 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.
Observation 2: The benefits of grouping UE based on coverage is unclear considering UE coverage level may change during idle mode.
In general, it is up to RAN2 discussion to specify how to define the UE grouping rule and how a UE knows the corresponding group ID. RAN1 should focus on how to multiplex wake-up signals for different groups associated with the same PO, and whether and how the WUS sequence design needs to be developed to be different for different group IDs. Also, whether there is an overlapping issue, i.e., multiple group-specific WUS overlaps with each other when transmitted simultaneously, needs to be studied. Performance of the grouping rule should be investigated including the probability of false wake up, the network resource overhead, etc.
Proposal 1: Leave the determination of UE grouping and UE group ID to RAN2 discussion.
Proposal 2: RAN1 focuses on the following work:
· Investigate how to multiplex wake up signals for different groups associated with the same PO, and whether and how the WUS sequence design needs to be developed to be different for different group IDs.
· Investigate whether there is an overlapping issue, i.e., multiple group-specific WUS overlap with each other when transmitted simultaneously
· Evaluate the performance of the grouping rule, including false alarm probability, network resource overhead, etc.
Total number of UE-group WUS
The maximum number of UE-groups that can be supported by WUS may have an impact on the performance of WUS sub-grouping design. For example, when the total number of groups increases, the false alarm probability within one group is expected to be reduced since the number of UEs in the same group decreases. If more groups are supported, more resource may be needed. For TDM based solution as discussed in Section 4, more resource in the time domain may be needed. And for CDM based solution, the cross-correlation performance of the WUS sequences may be degraded if more WUS sequences are used to differentiate UE groups. The resources required for the WUS transmission would increase to achieve the same target performance, e.g. the miss-detection and false alarm rate.
As discussed in Section 2, UE grouping based on WUS gaps (DRX-gap, eDRX-short-gap, eDRX-long-gap) or DRX/eDRX (1-to-N mapping) may occupy some number of groups. For example, assume UEs are grouped based on 3 WUS gaps (DRX-gap, eDRX-short-gap, eDRX-long-gap), and UEs with the same WUS gap are further divided into 2 different groups based on some other rule, then there can be 6 groups in total. Furthermore, UE groups may be also used for different application types, which is discussed in RAN2. Therefore, to keep flexibility for potential uses cases, we propose RAN1 consider to support at least 6 UE-groups for WUS. Then the used number of groups for WUS can be configured by eNB.
Proposal 3: The number of UE-groups for WUS can be configured by eNB,
· FFS the number of candidate values that can be configured by eNB;
TDM/CDM
In RAN1#94 [2], it has been agreed that UE-group WUSs are only multiplexed in the same carrier as associated PO, and FFS TDM/CDM for UE-group NWUS multiplexing.
The main advantage of TDM is that the transmit power of each NWUS remains unchanged when multiple WUS are sent, e.g., paging UEs associated with different UE-group WUS. When UEs associated with different UE-group WUS are paged simultaneously, sending multiple WUSs would occupy more time domain resources. Aspects related to the accuracy of UE time synchronization before WUS detection and latency also need further investigation. For example, the length of the time interval between the detection of the WUS and the PO needs to be studied since some WUSs may be far from the PO, and during such time interval the UE has transitioned from sleep mode to receiving the paging signal. 
For the CDM case, when multiple WUS are sent simultaneously, e.g., paging UEs associated with different UE-group WUS simultaneously, the total transmitted power is shared and each WUS power will be decreased. As a result, the UE needs to receive more subframes to detect the WUS, leading to more UE power consumption. Other aspects such as the cross-correlation properties of the WUS sequences need further investigation.
Observation 3: For Rel-16, it is possible that one paging message contains UEs associated with different UE-group WUS in one PO.
Observation 4: In case one paging message contains UEs associated with different UE-group WUS, sending multiple UE-group WUSs, either TDM or CDM, may not be efficient in terms of increased network resource overhead and UE power consumption.
Proposal 4: UE-group WUS design and use-cases should take network resource overhead and UE power consumption into consideration.
Proposal 5: Both TDM- and CDM-based UE-group WUS need to be investigated.
As discussed above, both TDM and CDM based design may have issues when the eNB needs to page UEs associated with different UE-groups simultaneously. As a potential solution, a common WUS can be considered to wake up all Rel-16 UEs, i.e. when the UEs associated with all configured UE-groups need to be paged simultaneously, the common WUS can be transmitted. The eNB can always transmit only one WUS no matter how many UE-groups are paged. In that sense, it is proposed that those UEs supporting Rel-16 UE group WUS should also monitor a common WUS in addition to its own group-specific WUS.
Proposal 6: A common WUS can be considered to wake up the UEs associated with all configured UE-groups, which is beneficial when the eNB is paging UEs associated with different UE-groups simultaneously.
Proposal 7: UEs supporting UE-group WUS are required to monitor more than one WUS.
WUS sequence design
In NB-IoT Rel-15, the WUS sequence is designed as a combination of a RE-level scrambling sequence and a ZC sequence [7] (see Annex A). The necessary information, i.e., cell ID (to reduce inter-cell interference and for cell confirmation) and timing information of the first frame of the first PO (to avoid false alarm among multiple POs), are conveyed through the ZC root index  and the initialization seed  of the scrambling sequence. During the course of NB-IoT Rel-15 discussion, the phase shift , as shown below, is also considered to convey some information:

Since all the necessary information are well conveyed through the ZC root index  and the initialization seed , finally the phase shift  is not used to convey any information, i.e. =0, in Rel-15 [8][9].
If UE grouping is enabled in Rel-16, extra information, such as UE group ID, will also need to be conveyed by the WUS sequence to avoid false alarm among R15 WUS and multiple Rel-16 WUS sequences. Two bits in the initialization seed  of R15 WUS are reserved.So some information can be conveyed by those spare states of the initialization seed . Additionally, phase shift  can also be considered to convey information if necessary.
Proposal 8: For the Rel-16 WUS sequence design, both the initialization seed  and phase shift  can be considered to convey the necessary information (e.g. differentiating UE groups).
It is worth noting that a totally new WUS sequence design clearly has disadvantages. For example, it is expected that there may be UEs with specialized hardware for WUS detection to highly optimize reliability and power consumption. A new WUS sequence design implies hardware changes, and prevents grouping of legacy UEs, whereas sequence content adjustments can be done by firmware upgrade. Also new RAN4 requirements would be needed for a new WUS sequence design. Therefore, for the Rel-16 WUS sequence design, we propose to keep the compatibility and strive for commonality of Rel-16 WUS sequence design with Rel-15 WUS sequence. .
Observation 5: A new WUS sequence design clearly has disadvantages in terms of hardware changes, preventing grouping of legacy UEs, new RAN4 requirements, etc.
Proposal 9: Keep the compatibility and strive for the commonality of Rel-16 WUS sequence design with Rel-15 WUS sequence.
Conclusion
The following observations and proposals are summarized.
Observation 1: If UEs with different WUS gaps are grouped together, then the eNB might have to transmit multiple WUS when paging UEs belonging to the same UE group.
Observation 2: The benefits of grouping UE based on coverage is unclear considering UE coverage level may change during idle mode.
Observation 3: For Rel-16, it is possible that one paging message contains UEs associated with different UE-group WUS in one PO.
Observation 4: In case one paging message contains UEs associated with different UE-group WUS, sending multiple UE-group WUSs, either TDM or CDM, may not be efficient in terms of increased network resource overhead and UE power consumption.
Observation 5: A new WUS sequence design clearly has disadvantages in terms of hardware changes, preventing grouping of legacy UEs, new RAN4 requirements, etc.

Proposal 1: Leave the determination of UE grouping and UE group ID to RAN2 discussion.
Proposal 2: RAN1 focuses on the following work:
· Investigate how to multiplex wake up signals for different groups associated with the same PO, and whether and how the WUS sequence design needs to be developed to be different for different group IDs.
· Investigate whether there is an overlapping issue, i.e., multiple group-specific WUS overlap with each other when transmitted simultaneously
· Evaluate the performance of the grouping rule, including false alarm probability, network resource overhead, etc.
Proposal 3: The number of UE-groups for WUS can be configured by eNB,
· FFS the number of candidate values that can be configured by eNB;
Proposal 4: UE-group WUS design and use-cases should take network resource overhead and UE power consumption into consideration.
Proposal 5: Both TDM- and CDM-based UE-group WUS need to be investigated.

Proposal 6: A common WUS can be considered to wake up the UEs associated with all configured UE-groups, which is beneficial when the eNB is paging UEs associated with different UE-groups simultaneously.
Proposal 7: UEs supporting UE-group WUS are required to monitor more than one WUS.
Proposal 8: For the Rel-16 WUS sequence design, both the initialization seed  and phase shift  can be considered to convey the necessary information (e.g. differentiating UE groups).
Proposal 9: Keep the compatibility and strive for the commonality of Rel-16 WUS sequence design with Rel-15 WUS sequence.
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Annex A. WUS sequence design in NB-IoT Rel-15
	Extracted from Section 10.2.6B of TS 36.211 [7]

10.2.6B	Narrowband wake up signal (NWUS)
10.2.6B.1	Sequence generation
The NWUS sequence  in subframe  is defined by 
	
	
	
	
	
	
where  is the transmitted number of NWUS subframes,  , where  is the maximum number of NWUS subframes as defined in 3GPP TS 36.213 [4]. 
The scrambling sequence  is given by clause 7.2, and shall be initialized at the start of the NWUS with
	
where  is the first frame of the first PO to which the NWUS is associated, and  is the first slot of the first PO to which the NWUS is associated.
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