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1 Introduction
In RAN1 meeting #94bis [1], the following related agreements on UE-group wake up signal for NB-IoT were made:
· [bookmark: _Toc526830122]UE-group NWUS is supported based on eNB’s and UE’s capability.
· [bookmark: _Toc526830123]Whether the network supports UE-group NWUS is done by higher layer signaling.
· [bookmark: _Toc526830124]FFS: The number of UE groups is configured by SIB.
· [bookmark: _Toc526830125]Note that the UE-group NWUS is UE optional
· [bookmark: _Ref526497265][bookmark: _Toc526830132]From a RAN1, perspective, UE grouping is based on at least UE ID or some function of UE ID.
· The legacy UE should not be prevented from using legacy WUS even in the case of Rel-16 group WUS is enabled
· Performance impact on legacy WUS should be carefully considered
· Group WUS is based on at least legacy WUS and UE-group ID.
· Configuration of group WUS is at least signaled in SI
· [bookmark: _Toc526916206]A Rel-16 group WUS capable UE shall also be capable of Rel-15 legacy WUS
· Rel-16 UE-groups WUS with same DRX/eDRX gap configuration are multiplexed with TDM and/or single sequence CDM
· FFS: Whether single sequence CDM can include legacy WUS
· FFS: Multiplexing between Rel-15 and Rel-16 UE groups
· Note: Single sequence CDM is where different sequences share the same resource and only one sequence is transmitted at a given time

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 for NPDCCH and decode NPDSCH. Thus, it reduces UE power consumption for such UEs.
2.1 Basis of UE-grouping
The objective of UE-grouping is to minimize the number of UEs waking up unnecessarily. This objective should also be considered in determining the basis of UE-grouping. It has been agreed that at least UE_ID based grouping is supported for UE-Group based WUS. We consider that UE grouping based on UE ID alone is a sub-optimal solution. There could be a case where the group size is not evenly distributed. In case the eNB pages a few UEs within a large group then all UEs within that group wake up which results in unnecessary power consumption. In another case, a number of UEs that belong to different (wake-up) groups are paged at the same time by the network, and thus, all UEs belonging to any of the groups, where at least one UE is paged, wake up unnecessarily which again results in extra overhearing cost for unintended UEs and unnecessary power consumption. The above cases and the legacy Rel-15 operation (without grouping) are illustrated in Figure 1. The first row shows the legacy case, where a single UE is paged and all the UEs are woken-up. The second row shows the case where UEs are grouped according to UE_ID and one of the groups contains a lot of UEs: in this case a lot of UEs are still woken up. The third row shows the case where four UEs (UE#10, #150, #201, and #301) in four different groups are woken up: in this case, all the UEs are still woken up. 
[image: ]
[bookmark: _Ref528920169]Figure 1: UE grouping with UE-ID
We consider that some further enhancements must be considered in order to achieve the above objective (i.e. of not waking UEs up unnecessarily). One way could be to further group the UEs based on some traffic behavior, e.g. how often they have been  paged within a certain period of time. However, this aspect is best discussed in RAN WG2. 

Proposal 1: The discussion on basis of UE-grouping is within RAN2 scope.
2.2 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.

CDM and TDM have also been considered for the WUS multiplexing scheme. In our understanding CDM represented with multiple sequences entails many issues (UE complexity, largest delay, performance issues). 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). 

Proposal 2: Support FDM (in different NB-IoT carrier) of legacy Rel-15 NWUS and Rel-16 NWUS.

There was a discussion during the online session in RAN1#94 on the introduction of a super group NWUS. Here, basically there is a dedicated NWUS to wake up all UEs assigned to the corresponding paging occasion. Super-group is in addition to the individual UE group NWUS. The benefit of super-group NWUS is that the eNB only needs to transmit the super-group NWUS in case the 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 the super-group NWUS and group specific NWUS. This will make NWUS Rel-16 worse than NWUS Rel-15 in terms of UE power consumption and complexity. In case the eNB wants to wake up all groups, the eNB must transmit all UE-group NWUS.

Proposal 3: NB-IoT Rel-16 does not support super-group NWUS operation since this requires the UE to perform multiple NWUS detections.

Introducing many UE-groups can be beneficial in a dense network. 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 many 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 order to maximize the benefit of the UE-group mechanism and limit the probability of overhearing to below 15% we propose the maximum number of UE groups supported is at least 6.

Proposal 4: The introduction of UE-group should be designed to maximize the benefit of 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.

The usage of UE-group ID should support the operation where the eNB can page a group, some of the groups, and all groups. This information should be carried out in UE-group ID indication. This can be in a form of bitmap operation as illustrated in Table 2. In order to limit the operation, the system can be designed to support all or a part of the combinations. The UE needs to decode the group ID information in order to decide whether to continue with paging reception or go to sleep.

[bookmark: _Ref528928058]Table 2: UE-group ID with bitmap operation
	Bitmap
	UE-Group ID being paged

	1111
	1,2,3,4

	1110
	2,3,4

	1101
	1,3,4

	1100
	1,2,4

	1011
	1,2,3

	1010
	3,4

	1001
	2,4

	1000
	2,3

	0111
	1,4

	0110
	1,3

	0101
	1,2

	0100
	4

	0011
	3

	0010
	2

	0001
	1



[bookmark: _GoBack]An approach to transmitting the UE-group ID is to include the UE-group ID indication after NWUS transmission. Here, the eNB transmits both NWUS and UE-group ID indication. The resources to carry UE-group ID indication may be obtained by puncturing a few of the WUS Rel-15 resources and/or introducing new resources after NWUS transmission. If NB-IoT UE Rel-15 detects the NWUS it continues to decode NPDCCH and paging message. If NB-IoT UE Rel-16 detects the NWUS, it continues by first checking the UE-group ID, and further continues to decode NPDCCH and the paging message only if the remaining part matches the UE-group ID.

Proposal 5: NWUS in Rel-16 contains an NWUS sequence and UE-group ID indication. 

This operation is illustrated in the following Figure 2. This approach can be applied for MTC as well as for NB-IoT. To exemplify the commonality in design between MTC and NB-IoT, the figure is written in terms of “MTC UEs” and is equally applicable to NB-IoT UEs.

[image: ]
[bookmark: _Ref521594982]Figure 2: UE-group WUS supporting backward compatibility. 


Proposal 6: RAN1 should strive for a common UE-group wake-up signal design between NB-IoT and MTC.

There could be two possibilities in sending the UE-group-ID field:
· UE group is represented as a set of bits indicating the group ID and its combination (see Table 2). This information is transmitted with a low MCS to improve robustness. 
· UE-group is represented as a sequence. In order to simplify the operation, the eNB can only page a specific group or all UEs for the corresponding PO. In this case, the UE only needs to perform two correlations: the correlation in case the eNB pages all UEs and the correlation in case the eNB pages the UE’s specific group. In this circumstance, super-group NWUS could be supported. In case a super-group is not supported as of proposal 2 above, only a one-step correlation approach is required.

Another alternative is to use a predefined base sequence (i.e. NWUS sequence Rel-15). In addition, a scrambling method carrying the bitmap or multi-bit indicator is introduced. This operation requires the UE to post process the received NWUS in order to decode both NWUS sequence Rel-15 and the group ID indication. Referring to [2], this operation can be classified as NWUS with a single CDM operation.

Proposal 7: Consider the following options for the operation of NWUS in Rel- 16:
· Option 1: NWUS sequence Rel-15 and UE-group ID indication in different resources.
· Option 2: NWUS sequence Rel15 and UE-group ID indication in the same resource with single CDM operation.

3	Conclusions
In this contribution, the following proposals are made:
Proposal 1: The discussion on basis of UE-grouping is within RAN2 scope.
Proposal 2: Support FDM (in different NB-IoT carrier) of legacy Rel-15 NWUS and Rel-16 NWUS.
Proposal 3: NB-IoT Rel-16 does not support super-group NWUS operation that requires UE to perform multiple NWUS detections.
Proposal 4: The introduction of UE-group should be designed to maximize the benefit of 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 5: NWUS in Rel-16 contains NWUS sequence and UE-group ID indication. 
Proposal 6: RAN1 should strive for a common UE-group wake-up signal design between NB-IoT and MTC.
Proposal 7: Consider the following options for the operation of NWUS in Rel-16:
· Option 1: NWUS sequence Rel-15 and UE-group ID indication in different resources.
· Option 2: NWUS sequence Rel-15 and UE-group ID indication in the same resource with single CDM operation.
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