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1 Introduction
In RAN1 meeting #96bis [1], the following related agreements on UE-group wake up signal for NB-IoT were made:
[bookmark: _Toc5719908][bookmark: _Ref5352343]Agreement
· [bookmark: _Toc5719912]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:
· [bookmark: _Toc5719913][bookmark: _Hlk5352570]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,
· [bookmark: _Toc5719914][bookmark: _Toc5719915]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.
· Group WUS sequence design is down selected between the following in RAN1#97
· [bookmark: _Toc5719916][bookmark: _Toc5640974]Legacy WUS with shifted scrambling codes
· [bookmark: _Toc5719917]Legacy WUS with time-frequency short OCCs 
· [bookmark: _Toc5719918]Phase shifted legacy WUS using a suitable subset of the phase increments.
· Legacy WUS with Gold codes
Companies are encouraged to provide evaluation results
· 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, we discuss some aspects on the operation of UE-group wake-up signal for NB-IoT (NWUS).
2 Discussion
[bookmark: _Hlk510094111]Subgrouping of UEs within a NWUS allows only a subgroup of UEs to be woken up by the NWUS for a paging occasion (PO). The UE subgrouping operation will reduce the number of UEs having to wake up unnecessarily to detect NPDCCH and decode PDSCH. Thus, it reduces UE power consumption for such UEs.
2.1 Multiplexing of NWUS
UE-group NWUS in Rel-16 should consider coexistence with NWUS operation introduced in Rel-15 (legacy). One of the easiest solutions is to allocate different WUS physical resources for UE-group NWUS and legacy NWUS. NWUS occupies 1 PRB and that means the FDM approach can only be supported if the other(s) NWUS is allocated on another carrier. Single-sequence CDM (SS-CDM) and TDM have also been considered for the WUS multiplexing scheme. The main issue with TDM is a potentially larger delay. The main issue with FDM is the NWUS location can be in another NB-IoT carrier for the subsequent paging occasion (PO).   

In RAN1 #96 meeting, it is agreed that up-to 2 time-multiplexed WUS resources may be configured. We consider the legacy NWUS (Rel.15) and group NWUS (Rel.16) should be in separated NWUS resources. The introduction of common group and SS-CDM approach make it is not desirable to have a shared NWUS resource between legacy NWUS and group NWUS. Depending on SS-CDM design, this could compromise the legacy rel.15 UEs as those UEs are not aware of those aspects (i.e. common NWUS, SS-CDM). Alternatively, this could compromise the rel.16 UE if the common WUS signal is the legacy NWUS signal. The common WUS signal can increase false-paging alarm rate of rel.16 UE.

Other multiplexing strategies are FDD and TDD. TDD operation introduces additional time-gap between the NWUS and PO. We have to aim both legacy Rel-15 NWUS and Rel-16 NWUS should have the same time-gap. FDD operation does not encounter this issue. 

Proposal 1: Support FDM (in different NB-IoT carrier) for the multiplexing between legacy Rel-15 NWUS and Rel-16 NWUS.

In RAN1#96bis meeting, we further discussed the multiplexing of legacy WUS (i.e rel.15 WUS ), group WUS (i.e rel.16 WUS), and common NWUS. Resources in NB-IoT are extremely limited. It may not be efficient to allocate separate resources for legacy WUS and group WUS. In case FDM as in proposal 1 is not supported, legacy WUS and group WUS can be configured to share the same NWUS resource (i.e. SS-CDM-ed).

Proposal 2: In case FDM is not supported, legacy WUS and group WUS can be configured to share the same NWUS resource (i.e. SS-CDM-ed).

In a legacy LTE system, the probability of UEs having the same paging frame as a function of the number of paging frames is given in Table 1. While a reduction of the occasions of many UEs being paged at the same time can be achieved by allocating many PFs, this solution might not be the optimal one as more resources are being used to carry paging information.
[bookmark: _Ref521591272]Table 1: Number of PF versus Probability UEs with same PF
	N
	UE_ID mod N

	% UEs have same paging frame


	1
	0
	100%

	2
	0,1
	50%

	4
	0,1,2,3
	25%

	8
	0,1,2,…,7
	12.5%

	16
	0,1,2,…,15
	6.75%



In scenarios where the number of paging frames is limited or can be configured to be a small number, introducing large number of UE-groups would be clearly beneficial. The advantage is that the network can have more flexibility and the number of UEs being paged unnecessarily can be further reduced. In terms of the maximum supported number of UE-groups, we propose to maximize the benefit of the UE-group mechanism. In order to limit the probability of overhearing to below 15% we propose the maximum number of UE groups supported is at least 6.

Proposal 3: The maximum number of UE groups supported is at least 6 (i.e. to maximize the benefit of UE-group mechanism, such as reducing false-paging alarm rate).
2.2 UE NWUS Detection Operation
The common NWUS is supported in Rel-16. In such case, basically there is a dedicated NWUS to wake up all UEs assigned to the corresponding paging occasion. Common NWUS is in addition to the individual UE group NWUS. The benefit of having common NWUS is that the eNB only needs to transmit the common NWUS when eNB needs to wake up all UEs. However, from the UE point of view, this could increase UE power consumption and complexity as the UE needs to detect both common NWUS and group specific NWUS when listening to the channel for potential WUS. The design of NWUS signal in Rel-16 should consider the UE power consumption and complexity aspects. A design constraint is, for example, the UE does not have to detect twice even when no NWUS exist on the channel.

Proposal 4: On the supporting of both common NWUS and group NWUS, the NWUS sequence design shall consider UE power consumption and complexity.

NWUS grouping may support the operation where the eNB pages only one group, several groups (sub-set groups), or all groups. In RAN1 meeting #96, we concluded to further study the additionally support the feature of waking up a subset of all WUS UE groups. The information on a subset of WUS groups should be carried in group ID indication embedded in NWUS for the case of NWUS with SS-CDM. NWUS with SS-CDM also indicate that a NWUS resource can be assigned for multiple groups. The UE needs to identify the group ID information in order to decide whether to continue with paging reception or go to sleep. The UE-group ID can be included in form of bitmap operation as illustrated in Table 2. Here, an example is given when the supported number of groups is 4. It can be observed that the table size is significantly bigger in proportional to the maximum number of UE groups. 
[bookmark: _Ref528928058]Table 2: UE-group ID with bitmap operation
	No.
	Bitmap
	UE-Group ID being paged

	1
	1111
	1,2,3,4

	2
	1110
	2,3,4

	3
	1101
	1,3,4

	4
	1100
	1,2,4

	5
	1011
	1,2,3

	6
	1010
	3,4

	7
	1001
	2,4

	8
	1000
	2,3

	9
	0111
	1,4

	10
	0110
	1,3

	11
	0101
	1,2

	12
	0100
	4

	13
	0011
	3

	14
	0010
	2

	15
	0001
	1



It can also be observed that most of the possible operation/combination is to page subset of all WUS UE groups. The number of operations/combinations will be significantly less in case NWUS with SS-CDM for some of the groups is not supported. Furthermore, the number of supported groups can be higher if it does not require to waking up a subset of all WUS UE groups. On the other hand, it may have some potential issues if group NWUS is only designed to page a group and all groups. There may be a case where eNB needs to wake up a subset of all WUS UE groups at the same time. This aspect should be studied in at least RAN2 (beyond RAN1 scope).

Observation 1: There is a design trade-off on supporting maximum number of UE-groups and the need of waking up a subset of all WUS UE groups.

Proposal 5: RAN1 to send LS to RAN2 whether the feature of waking up a subset of all WUS UE groups assigned in a MWUS resource is needed.

In the last RAN1 #96bis, configurable weighting factor for UE distribution per time/freq WUS resourse was discussed. The intention was to reduce false-paging alarm rate by allowing dynamic UE distribution per NWUS resource. This would be beneficial for reducing the UE power consumption. However, we consider this topic is similar to the discussion on UE grouping criterion (e.g. coverage-based, service-based, etc). Furthermore, RAN2 is already discussing similar issue (e.g. [2], [3]). 

Proposal 6: UE grouping criterion and its configurability are beyond RAN1 area and it should be discussed in RAN2.

3	Conclusions
In this contribution, the following proposals and observation are made:
Proposal 1: Support FDM (in different NB-IoT carrier) for the multiplexing between legacy Rel-15 NWUS and Rel-16 NWUS.
Proposal 2: In case FDM is not supported, legacy WUS and group WUS can be configured to share the same NWUS resource (i.e. SS-CDM-ed).
Proposal 3: The maximum number of UE groups supported is at least 6 (i.e. to maximize the benefit of UE-group mechanism, such as reducing false-paging alarm rate).
Proposal 4: On the supporting of both common NWUS and group NWUS, the NWUS sequence design shall consider UE power consumption and complexity.
Observation 1: There is a design trade-off on supporting maximum number of UE-groups and the need of waking up a subset of all WUS UE groups.
[bookmark: _GoBack]Proposal 5: RAN1 to send LS to RAN2 whether the feature of waking up a subset of all WUS UE groups assigned in a MWUS resource is needed.
Proposal 6: UE grouping criterion and its configurability are beyond RAN1 area and it should be discussed in RAN2.
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