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[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]


The wake-up signal (WUS) was introduced in Rel-15 NB-IoT to reduce UE power consumption related to paging. In Rel-16, UE-group WUS will be specified to further reduce UE power consumption. In this paper, we first describe the background of UE-group WUS, and then identify some open issues that may need further investigations.
Background
Figure 1 is an illustration of NB-IoT Rel-15 WUS. Generally, in Rel-15, if there is a scheduled paging message or an SI modification, eNB sends WUS prior to Paging Occasion (PO) to wake up all the UEs belonging to that PO. Otherwise, eNB does not send WUS.


[bookmark: _Ref520384765]Figure 1 Illustration of WUS
According to the current specifications, PO is calculated based on higher layer UE_ID and some cell-specific parameters, as follows:
Paging Frame (PF): SFN mod T= (T div N)*(UE_ID mod N)
Index (subframe) of PO: i_s = floor(UE_ID/N) mod Ns
It can be seen that one PO may be mapped to different UEs. As a result, these UEs will monitor the associated WUS prior to the PO. Then a UE may be unnecessarily woken up (false alarm) by the WUS when the eNB is paging other UEs belonging to the same PO. For example, suppose the paging rate is 10% for a single UE at a PO [2], and the total number of UEs sharing one WUS is . Then for a given UE, the probability of being unnecessarily woken up is about , as listed in Table 1.
[bookmark: _Ref520971675]Table 1 False alarm probability (suppose the paging rate is 10% for a single UE)
	Total number of UEs sharing one WUS ()
	False alarm probability

	1
	0.00

	2
	0.09

	4
	0.24

	8
	0.47

	16
	0.71

	32
	0.87

	64
	0.90



From Table 1, we can conclude that the fewer UEs sharing one WUS, the less influence they have on each other. Thus, UE grouping WUS is beneficial in terms of reducing the false alarm probability.
Observation 1: UE grouping WUS is beneficial in terms of reducing the false alarm probability.
During NB-IoT Rel-15 discussion, RAN2 has sent an LS to inform RAN1 that it is feasible to configure the WUS to be applied to a group of UEs associated to one PO [3]. Due to this feasibility together with the additional power saving potential, the Rel-16 WID requires support for UE-group WUS.
Discussion
3.1 UE grouping
UEs belonging to the same PO can be grouped based on different rules. A straightforward way is UE_ID-based grouping, which is quite similar to the determination of PO and has been discussed by RAN2 in Rel-15 [4][5]. 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. In general, how to do UE grouping and determination of the UE group ID is mainly up to RAN2 discussion.
Proposal 1: Determination of UE grouping and UE group ID should be discussed in RAN2.
3.2 Considerations on Rel-16 WUS design
As for the Rel-16 UE grouping WUS design, two issues need to be considered.
· Issue 1: Backward compatibility with Rel-15 WUS
Since R15 UE can only recognize R15 WUS and the R15 WUS can be visible to R16 UEs, R15 WUS can be used for either R15 UEs or R16 UEs. Especially for some cases when all UE need to be paged (e.g. SI modification), the R15 WUS can be used to wake up all UEs. In that sense, it is proposed that those UEs supporting Rel-16 UE group WUS should also monitor R15 WUS in addition to its own group-specific WUS.
Proposal 2: R15 WUS can be used to wake up all Rel-15 and Rel-16 UEs associated with one PO in case eNB pages all of them, e.g. for SI modification.
Proposal 3: UEs supporting UE-group WUS need to monitor more than one WUS.
· Issue 2: Effectively paging UEs associated with different UE-group WUS simultaneously
In case eNB pages UEs which are associated with different UE-group WUS, there may be different ways for the eNB to send WUS:
· If the group-specific WUS is designed based on TDM (Time Domain Multiplexing), then multiple WUSs will occupy a large amount of time domain resources, resulting in quite a large network resource overhead
· If the group-specific WUS is designed based on CDM (Code Domain Multiplexing), then the power of each WUS will be decreased by the number of transmitting UE-group WUS. As a result, the UE needs to receive more subframes to detect the WUS, leading to more UE power consumption. And the WUS miss detection may happen if the power of each WUS decrease in a great quantity.
Observation 2: For Rel-16, it is possible that one paging message contains UEs associated with different UE-group WUS in one PO.
Observation 3: In case one paging message contains UEs associated with different UE-group WUS, sending multiple UE-group WUSs may not be efficient in terms of increasing network resource overhead and UE power consumption.
Proposal 4: UE-group WUS design and usage should take network resource overhead and UE power consumption into consideration.
Generally, when the total number of UE groups increases, the false alarm probability may decrease since the number of UEs belonging to one UE group decreases. However, the cross-correlation properties of the WUS sequences may also decrease since more WUS sequences are required, leading to false alarm among different UE groups. Thus, the total number of UE groups needs to be decided by considering the cross-correlation properties of the WUS sequences.
Proposal 5: The total number of UE-group WUS needs to be investigated.
3.3 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 [6] (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 [7][8].
If UE grouping is enabled in Rel-16, extra information, such as UE group ID, shall also 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 6: 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).
Conclusion
The following observations and proposals are summarized.
Observation 1: UE grouping WUS is beneficial in terms of reducing the false alarm probability.
Proposal 1: Determination of UE grouping and UE group ID should be discussed in RAN2.
Proposal 2: R15 WUS can be used to wake up all Rel-15 and Rel-16 UEs associated with one PO in case eNB pages all of them, e.g. for SI modification.
Proposal 3: UEs supporting UE-group WUS need to monitor more than one WUS.
Observation 2: For Rel-16, it is possible that one paging message contains UEs associated with different UE-group WUS in one PO.
Observation 3: In case one paging message contains UEs associated with different UE-group WUS, sending multiple UE-group WUSs may not be efficient in terms of increasing network resource overhead and UE power consumption.
Proposal 4: UE-group WUS design and usage should take network resource overhead and UE power consumption into consideration.
Proposal 5: The total number of UE-group WUS needs to be investigated.
Proposal 6: 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).
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Annex A. WUS sequence design in NB-IoT Rel-15
	Extracted from Section 10.2.6B of TS 36.211 [6]

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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