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1. Introductions
This paper is a resubmission of R1-1901647.

In 3GPP TSG RAN WG1 Meeting #95, following is agreed for eMTC UE group WUS [1]. 
	Agreement 

For multiplexing between Rel-16 UE-group WUS and Rel-15 WUS, further evaluate and down select among the following options

· TDM

· FDM

· single-seq CDM

· single-seq CDM+TDM

· single-seq CDM+FDM

· FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.

For multiplexing between different Rel-16 UE-group WUS, further evaluate and down select among the following options

· single-seq CDM

· FDM

· single-seq CDM+TDM

· single-seq CDM+FDM

Note: At least the maximum number of UE groups should be considered.

The number of UE groups is configurable and broadcasted in SIB.

· FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO

UE group ID is used as a parameter to generate WUS UE group sequence(s).

One group WUS is designed as a single sequence
Further study false detection (cross/auto correlation) performance properties for the following designs:

· legacy WUS + cover codes,

· legacy WUS + shifted scrambling codes,

· legacy WUS + phase shift + cover code + scrambling bits

Including combinations of phase shift, cover code, and/or scrambling bits

Other designs are not precluded.

Rel-16 group WUS uses the same gap configurations as for Rel-15 legacy WUS except for differences from possible TDM.

No new gap higher layer signaling will be introduced for TDM


In 3GPP TSG RAN WG1 Meeting #96, following is agreed [2].

	Agreement

UE-group MWUS sequence is same as UE-group NWUS per RB and the same sequence is repeated in two PRBs.

A UE is required to monitor WUS(s) in only one WUS (time/frequency) resource location.

· Single-sequence CDM is used in the same WUS resource if more than one UE group is configured to monitor the WUS resource.
· Select one among the following:

· Up to 2 orthogonal WUS resources may be configured in time domain 

· Up to 2 orthogonal WUS resources may be configured in frequency domain 

· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)

· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)

· FFS: whether one of the WUS resources is configured to be shared with legacy WUS

If configured, a common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.
· FFS: Whether the above is also applicable for Rel-15 WUS UEs

· FFS: Whether to additionally support the feature of waking up a subset of all WUS UE groups


In this paper, multiplexing methods for WUS in Rel-16, and multiplexing methods for WUS between Rel-16 and Rel-15 are further discussed and proposals are given.
2. Multiplexing methods for WUSs in R16
It is agreed in RAN1 95 meeting [2]:

For multiplexing between different Rel-16 UE-group WUS, further evaluate and down select among the following options

· single-seq CDM

· FDM

· single-seq CDM+TDM

· single-seq CDM+FDM

Note: At least the maximum number of UE groups should be considered.

The FDM and TDM based WUSs mapping to one PO are discussed as below:

· TDM based WUSs mapping to one PO

By this method, the different WUSs mapping to one PO are in different time positions, as shown in Figure 1-a). One WUS is associated to one sub-group of UEs mapping to one PO. The delay between the different WUSs and the associated PO is different. Since one WUS is used to indicate one sub-group of UEs for one PO, the repetition of this WUS is determined by the UE with the worst coverage in the one sub-group and the repetition number may be large. For example, 4 WUSs can indicate up to 16 UEs for one PO if one WUS supports 4 UEs. Then for each PO, the corresponding 4 WUSs may occupy 4 times of maximum WUS duration. If maximum WUS duration is e.g., 50ms for 164dB MCL, then the overall time occupation for 4 WUSs of one PO reaches up to 200ms. Considering the WUS should be postponed when there is symbols for the SS/PBCH/SI, the overall time occupation will be even longer. Furthermore, the non-zero gap need to be considered in addition to the overall time occupation transmission. If different receiver module is considered for WUS and MPDCCH reception, the non-zero gap is not ignorable. This will make the overall delay between the starting of WUS and PO too long, and therefore makes the paging is not in time. What is worse, some WUS may be empty because there is no idle UEs which need paging (the paging ratio is assumed to be 10%). This will introduce resource fragmentation (the grey block in Figure 1-a)) which will degrade the system resource utilization. TDM based multiple WUSs mapping to one PO will cause longer delay and more resource fragmentation, compared with other solutions as follows.
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Figure 1: candidates for WUS multiplexing methods
· FDM based WUSs mapping to one PO

By this method, the different WUS groups mapping to one PO is in different PRB(s), as shown in Figure 1-c). Compared with TDM based methods, FDM methods suffers less delay. However, FDM based methods may cause resource fragmentation in frequency domain and degrade the resource utilization (the grey block in Figure 1-c)). Compared with TDM based methods, FDM based method suffers less delay but the similar resource fragmentation.
Observation 1: TDM and FDM based WUS groups mapping to one PO will cause longer delay and/or more resource fragmentation, compared with CDM based methods.
Proposal 1: Not support FDM for multiplexing of Rel-16 UE-group WUS.
One issue left is whether TDM can be additionally applied to top of CDM. Actually the uncertainty depends on how many UEs need to be supported and the sequence performance when multiple sequences are used for these UEs. If the sequence performance, e.g., miss detection and false alarm is acceptable if only CDM is used, then TDM is not needed on top of CDM. If sequence performance cannot be guaranteed, then TDM is necessary on top of CDM to offloading users. 

Taking into account that one NB-IoT carrier need to support tens of thousands of UEs, it is necessary to support CDM with TDM on top of it. That is, if the number of UEs is relatively small, only CDM can be used. If the number of UEs is large, CDM with TDM on top of it is needed. Since the UEs can be grouped into groups and one group can use at least one sequence for WUS, it is natural to define a threshold (X) for number of UE groups. If number of UE groups for Rel-16 WUS of one PO is not larger than X, only CDM can be used; otherwise, TDM on top of CDM is used. Number of UE groups (N) associated to one PO is configured by network, e.g. in SIB1.
Proposal 2: For multiplexing methods for UE group WUSs in Rel-16, CDM/TDM is supported; 

· If Number of UE groups(N) associated to one PO<=x, CDM is used

· If N>x, CDM and TDM is used
Where X is the threshold (X). N is configured by network. 

In Section 3, it is preferred to multiplex Rel-15 and Rel-16 WUS by TDM/FDM, so it is not necessary to use a common WUS to wake up all Rel-15 and Rel-16 group WUS UEs. This will cause additional unnecessary wake-up for UEs.

Proposal 3: Not support a common WUS to wake up all Rel-15 and Rel-16 group WUS UEs.
Regarding whether to support waking up a subset of all WUS UE groups, this issue depends on how many UE groups are configured for same PO. If only 2 UE groups are configured, there is no need to support waking up a subset of all WUS UE groups. If a large UE groups are configured, e.g., 10, there is high probability that subset of all WUS UE groups need to be paged. For example, besides 1 UE group need to be paged, and 10 groups need to be paged, there are also from 2 to 9 groups need to be paged. These subset of all groups cannot be negligible and need to be indicated by specific sequences.

Proposal 4: Whether to support waking up a subset of all WUS UE groups depends on how many UE groups are configured for the same PO. There is high probability that subset of all WUS UE groups need to be paged. At least for larger number of UE groups, waking up a subset of all WUS UE groups need to be supported.
3. Multiplexing methods between R16 WUS and R15 WUS
In RAN1 #95 meeting [2], it is agreed that:

For multiplexing between Rel-16 UE-group WUS and Rel-15 WUS, further evaluate and down select among the following options

· TDM

· FDM

· single-seq CDM

· single-seq CDM+TDM

· single-seq CDM+FDM

· FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.

There are three candidates as below:
CDM:
At the same subframes, R15 WUS uses one sequence and R16 WUS can use one or multiple sequence. There will be some cases that Node B will transmit two sequences for R15 WUS and R16 WUS, respectively. This method is the same as multi-sequence CDM mentioned in Section 2. The same disadvantages such as power sharing between the two sequences will occur. So CDM method is not preferred.
TDM:
R15 WUS and R16 WUS are TDM and the time resource for R16 WUS is previous to the time resource for R15 WUS.

FDM:
R15 WUS and R16 WUS are FDM, for example, each occupies 2 PRBs.
Proposal 5: TDM and/or FDM for multiplexing methods is used for R16 WUS and R15 WUS.
Furthermore, Rel-16 WUS can use the Rel-15 WUS resources if Rel-15 WUS is not enabled by network. 

Proposal 6: Rel-16 WUS can use the Rel-15 WUS resources if Rel-15 WUS is not enabled by network.
4. Conclusions
In this paper, we discuss multiplexing methods for UE-group wake-up signal of eMTC. Some proposals and observations are given as follows.
Observation 1: TDM and FDM based WUS groups mapping to one PO will cause longer delay and/or more resource fragmentation, compared with CDM based methods.
Proposal 1: Not support FDM for multiplexing between different Rel-16 UE-group WUS.
Proposal 2: For multiplexing methods for UE group WUSs in Rel-16, CDM/TDM is supported; 

· If Number of UE groups(N) associated to one PO<=x, CDM is used

· If N>x, CDM and TDM is used
Where X is the threshold (X). N is configured by network. 

Proposal 3: Not support a common WUS to wake up all Rel-15 and Rel-16 group WUS UEs.
Proposal 4: Whether to support waking up a subset of all WUS UE groups depends on how many UE groups are configured for the same PO. There is high probability that subset of all WUS UE groups need to be paged. At least for larger number of UE groups, waking up a subset of all WUS UE groups need to be supported.
Proposal 5: TDM and/or FDM for multiplexing methods is used for R16 WUS and R15 WUS.

Proposal 6: Rel-16 WUS can use the Rel-15 WUS resources if Rel-15 WUS is not enabled by network.
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