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Discussion and Decision
1 Introduction

In Rel-15 the wake-up signal (WUS) for MTC was introduced for power savings in MTC. There was sufficient interest in UE grouping and RAN2 concluded that, from RAN2 perspective, it is feasible to configure the WUS to be applied to a group of UEs associated to one PO. However, UE group WUS could not be specified within the Rel-15 time frame due to lack of time. The topic has now been included for Rel-16 [1].
In this contribution, we provide our views on the UE-group WUS for MTC and make some proposals.
2 Discussion
In Rel-15, the WUS was introduced for power savings in MTC. When the eNB must transmit a paging message to a UE, the eNB first transmits a WUS prior to the PO to indicate to the UE that it must monitor the PO for MPDCCH. The WUS is transmitted at a fixed time before the PO and provides sufficient gap between the end of the WUS and the PO to enable the UE to detect the WUS and fully wake up to monitor the PO.
Many UEs may share a PO. Thus, all UEs associated with the PO monitor the WUS. If the WUS is transmitted to wake up even a single UE to monitor the PO, all the associated UEs detect the WUS. Therefore, all the UEs wake up and monitor the PO for MPDCCH. If the paging rate is low, the false wake-up may not be a big issue for UEs, but if the paging rate is high, then UEs may incur a significant amount of power consumption overhead due to false wake-up. In Rel-15, UE grouping was discussed but was not specified due to time constraints. 
The MTC WUS spans 2 contiguous PRBs within the same narrowband as the PO where the frequency location of the lowermost PRB is signaled by higher layers. When only the WUS is transmitted in the narrowband, the other 4 PRBs are unused and the full power may be used for WUS transmission. Thus, the PRBs used for WUS transmission have a ~5-dB power boost.
With UE grouping, the UEs are separated into different groups and a separate WUS is assigned to each UE group. When a UE associated with a PO must be paged, the WUS associated with the group to which the UE belongs is transmitted. Only the UEs corresponding to the transmitted WUS detect the WUS and monitor the PO whereas the other UEs associated with the PO do not detect the WUS and hence do not monitor the PO.

The WUSs for different groups may be multiplexed using either TDM, FDM, or CDM. Since the WUS occupies only 2 out of the 6 PRBs in the narrowband, FDM is an option to transmit the WUS to UEs in different groups and presents some advantages over the other multiplexing methods. Three WUSs can then be multiplexed into a narrowband. To maintain the same range regardless of the number of WUSs transmitted, however, a 5-dB power boost must be used for all the multiplexed WUSs. This implies that power must be stolen from outside the narrowband used for WUS transmission. Table 1 shows the loss of power in other PRBs within the narrowband due to power stolen by multiplexed WUS transmissions. Except for the case of 3-MHz channel bandwidth, the power loss is insignificant. However, RAN4 should confirm that the power loss is acceptable and hence power-boosting of multiplexed WUSs can be supported. It can be noted that with this approach WUSs for any combination of groups can be transmitted simultaneously.
Table 1. Power loss in other PRBs due to power stealing by multiplexed WUS
	System bandwidth
	Loss of power in other PRBs

	
	Multiplexing 2 WUSs
	Multiplexing 3 WUSs

	3 MHz
	0.32 dB
	0.67 dB

	5 MHz
	0.18 dB
	0.38 dB

	10 MHz
	0.09 dB
	0.18 dB

	20 MHz
	0.04 dB
	0.09 dB


Observation 1: Stealing power from outside the narrowband to support power-boosted transmission of frequency-multiplexed WUSs results in insignificant power loss at higher system bandwidths.

Proposal 1: Seek RAN4 input on feasibility of power-boosting for frequency-multiplexed WUSs.

With FDM, only three UE groups can be supported using the same WUS sequence. More groups can be supported through further CDM. With CDM of WUSs, however, poorer detection performance due to cross-correlation between sequences would mean that the WUS length must be increased. To avoid this, the number of UE groups can be limited to 3, which should be adequate. While having more UE groups reduces the false wake-up for UEs, transmission of power-boosted WUS requires stealing of power from other PRBs and results in higher interference to other cells. Therefore, it would be advantageous for the network to configure the number of UE groups in each cell by considering the trade-off. For this reason, the number of groups should be configurable up to the maximum number of UE groups.
Proposal 2: Support FDM of WUS for different UE groups.

Proposal 3: A maximum of three UE groups are supported.
Proposal 4: The number of UE groups is configurable.
The same WUS sequence can be used for all UE groups. However, each UE group must be associated with a particular WUS frequency location. If the number of UE groups is fixed at three, then the frequency location of each group can also be statically fixed. With a configurable number of groups, however, it would be better to allow the frequency locations to be different in each cell. 
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.
It may, however, be 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 within that group. The WUS transmission using fewer resources reduces interference to other cells. This approach would, however, also need to account any issues due to UEs moving to poorer coverage levels.
Proposal 5: Consider UE grouping based on repetition level.
It is necessary to also accommodate legacy UEs within the grouping approach. A possible solution is to initially assign all legacy UEs to one group and support them with the legacy configuration while Rel-16 UEs can be distributed among the remaining groups. As legacy UEs are phased out, the default group can also be used for Rel-16 UEs.
Proposal 6: Consider how legacy UEs can be supported with the grouping approach.

3 Conclusions

In this contribution, the UE-group WUS for MTC is discussed. The following observation and proposals are made.
Observation 1: Stealing power from outside the narrowband to support power-boosted transmission of frequency-multiplexed WUSs results in insignificant power loss at higher system bandwidths.

Proposal 1: Seek RAN4 input on feasibility of power-boosting for frequency-multiplexed WUSs.
Proposal 2: Support FDM of WUS for different UE groups.

Proposal 3: A maximum of three UE groups are supported.
Proposal 4: The number of UE groups is configurable.
Proposal 5: Consider UE grouping based on repetition level.

Proposal 6: Consider how legacy UEs can be supported with the grouping approach.
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