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Discussion and Decision
1 Introduction

Specification of UE-group wake-up signal (WUS) for MTC is part of the objectives for additional MTC enhancements in Rel-16. In RAN1 #95 the following agreements were made related to UE-group WUS for MTC [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.
Agreement
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.

Agreement
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

Agreement

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

Agreement

One group WUS is designed as a single sequence

Agreement: 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.
Agreement

· 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 this contribution, we provide our views on the UE-group WUS for MTC and make some proposals.
2 Discussion
2.1 Multiplexing between different Rel-16 UE-group WUS
In RAN1 #95, there was an agreement to downselect from among the following options for multiplexing between different Rel-16 UE-group WUS:

· single-seq CDM

· FDM

· single-seq CDM+TDM

· single-seq CDM+FDM

In [2], aspects related to FDM of Rel-16 UE-group WUSs was discussed. Up to three Rel-16 UE-group WUSs can be multiplexed in a narrowband using FDM assuming a 2-PRB bandwidth for the Rel-16 WUS. As discussed in [2], power boosting of the WUS together with stealing power from outside the narrowband enables simultaneous transmission of multiple UE-group WUSs while maintaining the range of each WUS. It is observed that the power loss outside the narrowband is small or insignificant for system bandwidths of 5 MHz or larger.

The maximum number of UE groups supported is not yet agreed. The maximum number of UE groups that can be supported by FDM alone is 3 (2, if the Rel-15 WUS is multiplexed with the Rel-16 UE group WUS using FDM). Depending on the use case, the support of only two or three UE groups may not bring sufficient benefits. Therefore, it is desirable to consider a hybrid multiplexing scheme.
Observation 1: The maximum number of UE groups that can be supported with only FDM of Rel-16 UE-group WUS is 3.

Single-sequence CDM is a good canndidate for consideration since, unlike TDM, it does not require allocation of additional resources. With single-sequence CDM, a different sequence is assigned to each group (sharing the same frequency resource) as well as, possibly, each set of groups that may need to receive paging indication. Therefore, only a single sequence needs to be transmitted when waking UEs belonging to multiple groups. This approach increases UE WUS detection complexity since the UE needs to detect multiple sequences every time. To reduce UE complexity, waking up UEs belonging to only a single group can be supported or a small set of group combinations can be supported.
Observation 2: Single-sequence CDM approach can support WUS for waking up multiple groups with a single sequence, including all groups.
Observation 3: If single-sequence CDM is considered for waking up multiple groups, the UE needs to monitor at least two WUS sequences.

With a hybrid scheme consisting of single-sequence CDM and FDM, multiple 2-PRB resources are assigned for Rel-16 UE group WUSs. Furthermore, multiple UE groups (or combination of groups) are associated with each 2-PRB resource and each of them is assigned a different sequence. Therefore, at any time, only a single WUS sequence can be transmitted in a frequency resource, which would wake up UEs belonging to the corresponding group (or set of groups).
If waking up more than one group with a single sequence is not supported, UEs belonging to different groups cannot be paged at the same time. If UEs belonging to different groups must be paged, then a WUS for one group is transmitted at the WUS occasion prior to the next PO and the WUS for the other group can be transmitted only in the WUS occasion prior to the following PO. This results in a paging delay for the UE belonging to the second group. Analysis in [3] shows, however, that for typical paging loading conditions, the probability of more than one UE being paged in the same PO is low. This suggests that the impact of not being able to wake up UEs belonging to different groups at a single WUS occasion may not be significant due to rareness of such events. When considering a hybrid multiplexing scheme consisting of FDM and single-sequence CDM, the probability of having to page UEs belonging to different groups sharing the same frequency resource is even smaller.

Observation 4: For typical paging loading conditions, the ability to page UEs belonging to only one group within a WUS frequency resource does not have a significant impact on paging latency.

Proposal 1: Support single-sequence CDM combined with FDM for multiplexing between different Rel-16 UE group WUS.
As noted above, it is possible that UEs belonging to multiple UE groups must be paged. When the corresponding UE group WUSs are assigned different sequences in the same frequency resource (where the UE groups are multiplexed with single-sequence CDM), there are two possibilities:

i. The WUSs for each UE group must be transmitted at different times, which causes a paging delay for one of the UE groups; or 

ii. The set of UE groups is assigned another sequence.
In the first case, each UE is required to monitor only a single WUS sequence—the sequence assigned to the UE groups to which it belongs. In the second case, each UE is required to monitor additional sequences—one for each set that contains the UE’s group. This increases the UE complexity. It was observed above that there may not be a significant impact to the paging latency if this is not supported. One case, however, that would be useful to support is waking up all UEs to monitor paging, e.g., when there is a system information update. A common WUS can then be used to wake up all Rel-16 UEs.
Proposal 2: A common WUS to wake up Rel-16 UEs belonging to all groups is supported.

2.2 Multiplexing between Rel-15 WUS and Rel-16 UE-group WUS

In RAN1 #95, there was an agreement to downselect from among the following options for multiplexing between Rel-16 UE-group WUS and Rel-15 WUS:

· 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.
Use of FDM between Rel-15 WUS and Rel-16 UE-group WUS leaves only 4 PRBs out of the narrowband for Rel-16 UE-group WUS. In other words, fewer groups (2 instead of 3) can be supported through FDM alone. With further single-sequence CDM of UE groups, however, more UE groups can be supported in the 4 PRBs. It is also possible to additionally consider single-sequence CDM between Rel-15 WUS and Rel-16 UE-group WUS to support more UE groups in the resource allocated to Rel-15 WUS, considering that the likelihood of both Rel-15 UEs and Rel-16 UEs being paged at the same time may be small in typical scenarios. In this case, sequences with good cross-correlation property with the legacy sequence should be considered for the Rel-16 WUS. If equal priority is given to Rel-15 UEs and Rel-16 UEs for WUS sharing the same resources, then this approach would result in paging delay for Rel-15 UEs in some cases, particularly when the paging rate is high.
Observation 5: There is some performance impact to Rel-15 UEs with single-sequence CDM of Rel-15 WUS and Rel-16 WUS.

To avoid such impact to Rel-15 UEs, the eNB can prioritize wake-up of Rel-15 UEs. Alternatively, the eNB can optionally configure TDM separation of Rel-15 WUS and Rel-16 WUS when the paging rate is high.

Proposal 3: FDM alone or single-sequence CDM combined with FDM can be supported for multiplexing between Rel-15 WUS and Rel-16 UE-group WUS.
2.3 General considerations

If the number of UE groups is configured to be 1, then the WUS operation of Rel-16 UEs is similar to that of Rel-15 UEs. It would still be desirable to allow separate WUSs for Rel-15 and Rel-16 UEs as this is natural approach for grouping UEs, thereby reducing false wake-up.

Proposal 4: Support configuration of a single group for Rel-16 UEs associated with a Rel-16 WUS. 

It should also be possible for the network to disable Rel-16 WUS operation completely. That is, in this case no separate Rel-16 WUS is supported whereas Rel-15 WUS operation may still be supported. In this case, Rel-16 UEs can fallback to Rel-15 WUS operation.
Proposal 5: The network can enable or disable operation of Rel-16 UE-group WUS in each cell.

Proposal 6: Support fallback to Rel-15 WUS in a cell if it is enabled and if Rel-16 WUS is disabled in the cell.

Cell-specific scrambling of the WUS already provides some interference randomization. With FDM, the WUS for each UE group must be associated with a particular WUS frequency location.
2.4 UE grouping considerations
The UE groups that are associated with different gap configurations of a PO are already separated in time. Therefore, the UE groups that must be considered for multiplexing as discussed above correspond to UEs with the same gap configuration. Therefore, the number of UE groups must be defined per gap configuration of a PO.

Proposal 7: The number of UE groups is defined per gap configuration of a PO.
The most straightforward way to divide UEs into groups is uniformly by UE ID as follows:

UE group ID = UE_ID mod G
where G is the number of UE groups.
Other ways to group UEs can also be considered. It is worth considering grouping based on repetition level. The actual duration of the WUS depends on the highest repetition level of the UEs within the group. If each group consists of UEs at the highest repetition level, then the WUS for each group may need to be transmitted with the maximum duration. On the other hand, if each group consists of UEs within a range of repetition levels, the actual duration of the WUS for each group corresponds only to the highest repetition level for that group. The WUS transmission using fewer resources reduces interference to other cells. This approach would, however, also need to account for any issues due to UEs moving to poorer coverage levels. When an idle UE moves between coverage levels, its repetition level may change. The eNB would not be aware of this change, however. Therefore, the UE group assignment can be kept unchanged until the new UE repetition level is reported to the eNB. Furthermore, if the UE moves to a poorer coverage level, to ensure that it receives a sufficient number of repetitions for its group, the maximum WUS duration associated with each UE group can be conservative, as illustrated in the example shown in Figure 1. Here UEs with repetition levels up to R1/2 are assigned to the first group, for which the maximum WUS duration is based on repetition level R1. Thus, even if a UE in group 1 drifts from repetition level R1/2 to repetition level R1, it remains a part of group 1 and should receive a WUS of sufficient duration to be able to detect it. Finally, the repetition level thresholds between groups can be configured to balance the number of UEs in different groups as desired.


[image: image1]
Figure 1. UE grouping based on repetition level.
Another approach that can be considered for grouping of UEs is based on whether the UEs are configured for DRX or eDRX. Power saving may be more important for UEs in eDRX. UEs in eDRX can be configured with 1-to-N mapping between WUS and POs. Such UEs monitor the WUS only once every N POs within the PTW to reduce power consumption. When such UEs share a PO with UEs that are not in eDRX, it may be useful to have a separate paging indication for each group (i.e., with a different WUS) to prevent the UEs in eDRX from being triggered to unnecessarily monitor the subsequent N POs for MPDCCH.

Two gap durations (or time offsets) may be configured in system information for UEs in eDRX based on the minimum gap requirement capabilities indicated – a short gap (between 40 ms and 240 ms) and a long gap (1 s or 2 s). One gap duration is also configured for UEs in DRX (between 40 ms and 240 ms). Clearly, configuring different values for the DRX gap and the eDRX short gap enables the eNB to separate in time WUS transmission for DRX UEs and eDRX (those using the short gap value) UEs. This is essentially a TDM of the WUS for the two types of UEs. In order to avoid the disadvantages of TDM, the same value can be configured for the DRX gap and the eDRX short gap, but the two types of UEs can be separated into groups that are assigned different WUS sequences. Thus, single-sequence CDM can be used for multiplexing DRX and eDRX UEs configured with the same gap value into separate groups, which enables separate indications for the two types of UEs sharing a PO.

Observation 6: When the same value is configured for DRX gap duration and the eDRX short gap, the DRX and eDRX UEs can be separated into different CDM groups.

It would be possible to perform grouping based on a combination of approaches. For example, if the number of UEs in each group is highly imbalanced with one of the above approaches, the group with a large number of UEs can be further divided into smaller groups based on UE ID. Alternatively, the eNB can further constrain assignment of UEs to groups based on any grouping approach through additional grouping parameters. Higher layer signaling can be used to indicate the grouping approach(es).
Proposal 8: UE grouping based on repetition level and/or DRX/eDRX can be considered in combination with UE grouping based on UE ID.
Proposal 9: The Rel-16 WUS assigned to the group is based on its group ID. It is FFS whether the group ID is implicitly or explicitly obtained.

3 Conclusions

In this contribution, the UE-group WUS for MTC is discussed. The following observation and proposals are made.
Observation 1: The maximum number of UE groups that can be supported with only FDM of Rel-16 UE-group WUS is 3.

Observation 2: Single-sequence CDM approach can support WUS for waking up multiple groups with a single sequence, including all groups.
Observation 3: If single-sequence CDM is considered for waking up multiple groups, the UE needs to monitor at least two WUS sequences.

Observation 4: For typical paging loading conditions, the ability to page UEs belonging to only one group within a WUS frequency resource does not have a significant impact on paging latency.

Observation 5: There is some performance impact to Rel-15 UEs with single-sequence CDM of Rel-15 WUS and Rel-16 WUS.

Observation 6: When the same value is configured for DRX gap duration and the eDRX short gap, the DRX and eDRX UEs can be separated into different CDM groups.

Proposal 1: Support single-sequence CDM combined with FDM for multiplexing between different Rel-16 UE group WUS.
Proposal 2: A common WUS to wake up Rel-16 UEs belonging to all groups is supported.

Proposal 3: FDM alone or single-sequence CDM combined with FDM can be supported for multiplexing between Rel-15 WUS and Rel-16 UE-group WUS.

Proposal 4: Support configuration of a single group for Rel-16 UEs associated with a Rel-16 WUS. 

Proposal 5: The network can enable or disable operation of Rel-16 UE-group WUS in each cell.

Proposal 6: Support fallback to Rel-15 WUS in a cell if it is enabled and if Rel-16 WUS is disabled in the cell.

Proposal 7: The number of UE groups is defined per gap configuration of a PO.
Proposal 8: UE grouping based on repetition level and/or DRX/eDRX can be considered in combination with UE grouping based on UE ID.

Proposal 9: The Rel-16 WUS assigned to the group is based on its group ID. It is FFS whether the group ID is implicitly or explicitly obtained.
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