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1. Introductions
This paper is a resubmission of R1-1901648.

In 3GPP TSG RAN #80 meeting, a New WID on Rel-16 enhancements for NB-IoT was approved [1]. In 3GPP TSG RAN WG1 #95 meeting, following is agreed [2].
	Agreement
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.

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.

Multiplexing of Rel-16 UE groups is down-selected among

· Single sequence CDM is supported

· Single sequence CDM is supported and TDM can be additionally applied

· FFS: Configurability of CDM and/or TDM

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 support waking up a subset of all WUS UE groups

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

· TDM

· single-seq. CDM

· single-seq. CDM+TDM

FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.
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 [3].

	Agreement

A UE is required to monitor WUS(s) in only one WUS (T/F) resource location

Up to 2 time-multiplexed WUS resources may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.




In RAN1 #96 meeting, it is proposed to study the following aspects:
	For further evaluation and study (especially from UE implementation perspective):

Benefits and costs with more grouping levels, i.e., subgroups of subgroups.

For further study until next meeting

Companies are encouraged to provide results for the different sequence candidates, taking into account, e.g., 

· Detection window lengths

· Frequency errors

· Channel model

Where a starting point for evaluations is the Rel-15 WUS assumptions in R1-1714993 and Rel-15 WUS functionality (w.r.t. frequency error and detection window lengths).


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 between REL-16 WUS and REL-15 WUS
In RAN1 #95 meeting [2], it is agreed that:
For multiplexing between Rel-16 UE-group WUS and Rel-15 legacy WUS within the same carrier, further evaluate and down select among the following options

· TDM

· single-seq. CDM

· single-seq. CDM+TDM

FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.
Regarding multiplexing methods for WUSs in REL-16 and in REL-15, there are two candidates for multiplexing methods as below:
2.1 CDM:
By CDM method, at the same subframes, REL-15 WUS uses one sequence and REL-16 WUS can use at least one additional sequence. REL-15 sequence is transmitted or not (DTX) to indicate REL-15 UE to monitor paging or not. REL-16 sequence is transmitted or not (DTX) to indicate REL-16 UE to monitor paging or not. 
REL-16 WUS sequence includes legacy WUS (i.e. REL-15 WUS sequence):

Table 1. 4 sub-cases when REL-16 WUS sequence includes legacy WUS (CDM)
	Both Rel-15 and Rel-16 UE need to be paged
	Rel-15 UE need to be paged; Rel-16 UE need not to be paged;
	Rel-16 UE need to be paged; Rel-15 UE need not to be paged;
	Neither Rel-15 nor Rel-16 UE need to be paged

	legacy WUS
	Not supported
	Not supported
	DTX


As shown in Table 1, if REL-16 WUS sequence includes legacy WUS, it is not supported when only REL-15 UE need to be paged or when only REL-16 UE need to be paged.
REL-16 WUS sequence does not include legacy WUS (i.e. REL-15 WUS sequence):

Table 2. 4 sub-cases when REL-16 WUS sequence does not include legacy WUS (CDM)
	Both Rel-15 and Rel-16 UE need to be paged
	Rel-15 UE need to be paged; Rel-16 UE need not to be paged;
	Rel-16 UE need to be paged; Rel-15 UE need not to be paged;
	Neither Rel-15 nor Rel-16 UE need to be paged

	legacy WUS and New WUS
	legacy WUS
	New WUS
	DTX


As shown in Table 2, if REL-16 WUS sequence does not include legacy WUS, when both Rel-15 and Rel-16 UE need to be paged, legacy WUS and New WUS will be transmitted simultaneously. This is the same as multi-sequence CDM mentioned in Section 3. The same disadvantages such as power sharing between the two sequences will occur. 

Taking the above analysis into account, CDM is not preferred for multiplexing methods between REL-16 WUS and REL-15 WUS.
Observation 1: 

Regarding CDM for multiplexing methods between Rel-16 WUS and Rel-15 WUS, 
If Rel-16 WUS sequence includes legacy WUS, it is not supported when only Rel-15 UE need to be paged or when only REL-16 UE need to be paged.

If Rel-16 WUS sequence does not include legacy WUS, when both Rel-15 and Rel-16 UE need to be paged, legacy WUS and new WUS will be transmitted simultaneously. This will lead to power sharing issues.

Therefore CDM is not preferred for multiplexing methods between REL-16 WUS and REL-15 WUS.
2.2 TDM:
By TDM method, REL-15 WUS and REL-16 WUS are TDMed and the time resource for REL-16 WUS is previous to the time resource for REL-15 WUS.
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Figure 1: TDM between Rel-15 WUS and Rel-16 WUS
REL-16 WUS sequence includes legacy WUS (i.e. REL-15 WUS sequence):

Table 3. 4 sub-cases when REL-16 WUS sequence includes legacy WUS (TDM)

	Both Rel-15 and Rel-16 UE need to be paged
	Rel-15 UE need to be paged; Rel-16 UE need not to be paged;
	Rel-16 UE need to be paged; Rel-15 UE need not to be paged;
	Neither Rel-15 nor Rel-16 UE need to be paged

	T1
	T2
	T1
	T2
	T1
	T2
	T1
	T2

	legacy WUS
	legacy WUS
	DTX
	legacy WUS
	legacy WUS
	DTX
	DTX
	DTX


As shown in Table 3, if REL-16 WUS sequence includes legacy WUS, legacy WUS will be transmitted at T1 and T2 when both Rel-15 and Rel-16 UE need to be paged. Since the scrambling sequence of legacy WUS is depending on the first frame/slot of the first PO, UE will not false-detect the wrong WUS.
REL-16 WUS sequence does not include legacy WUS (i.e. REL-15 WUS sequence):

Table 4. 4 sub-cases when REL-16 WUS sequence does not include legacy WUS (TDM)
	Both Rel-15 and Rel-16 UE need to be paged
	Rel-15 UE need to be paged; Rel-16 UE need not to be paged;
	Rel-16 UE need to be paged; Rel-15 UE need not to be paged;
	Neither Rel-15 nor Rel-16 UE need to be paged

	T1
	T2
	T1
	T2
	T1
	T2
	T1
	T2

	New WUS
	legacy WUS
	DTX
	legacy WUS
	New WUS
	DTX
	DTX
	DTX


If REL-16 WUS sequence does not include legacy WUS, the 4 sub-cases are analyzed in Table 4. 
Furthermore, Rel-16 WUS can use the Rel-15 WUS resources if Rel-15 WUS is not enabled by network. 

Proposal 1: TDM method is used to multiplex Rel-16 WUS and Rel-15 WUS.
Proposal 2: Rel-16 WUS can use the Rel-15 WUS resources if Rel-15 WUS is not enabled by network.
3. Multiplexing methods for WUSs in REL-16
In RAN1 95 meeting, it is agreed:
Multiplexing of Rel-16 UE groups is down-selected among

· Single sequence CDM is supported

· Single sequence CDM is supported and TDM can be additionally applied

· FFS: Configurability of CDM and/or TDM
It is already agreed that at least Single sequence CDM (shown in Table 5) is supported, and the uncertainty is that 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 more 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. 
Table 5. Single sequence CDM (take 2 UE groups as example)
	CDM sequence
	UE groups indicated to receiving paging

	1
	A

	2
	B

	3
	A and B

	DTX
	none


Proposal 3: 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 RAN1 95 meeting, it is agreed that:
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 support waking up a subset of all WUS UE groups

In Section 2, it is preferred to multiplex Rel-15 and Rel-16 WUS by TDM, 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 4: Not support a common WUS to wake up all Rel-15 and Rel-16 group WUS UEs, due to it will cause additional unnecessary wake-up for 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 5: 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.
4. Conclusions
In this paper, we discuss multiplexing methods for UE-group wake-up signal of NB-IoT. Some proposals and observations are given as follows.
Observation 1: 

Regarding CDM for multiplexing methods between Rel-16 WUS and Rel-15 WUS, 

If Rel-16 WUS sequence includes legacy WUS, it is not supported when only Rel-15 UE need to be paged or when only REL-16 UE need to be paged.

If Rel-16 WUS sequence does not include legacy WUS, when both Rel-15 and Rel-16 UE need to be paged, legacy WUS and new WUS will be transmitted simultaneously. This will lead to power sharing issues.

Therefore CDM is not preferred for multiplexing methods between REL-16 WUS and REL-15 WUS.
Proposal 1: TDM method is used to multiplex Rel-16 WUS and Rel-15 WUS.

Proposal 2: Rel-16 WUS can use the Rel-15 WUS resources if Rel-15 WUS is not enabled by network.
Proposal 3: 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 4: Not support a common WUS to wake up all Rel-15 and Rel-16 group WUS UEs, due to it will cause additional unnecessary wake-up for UEs.
Proposal 5: 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.
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