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1 Introduction

In RAN #75 meeting, new WID on Even Further NB-IoT enhancements was agreed. One of the objectives is to reduce power consumption for physical channels:

	A-1. Further latency and power consumption reduction

· Power consumption reduction for physical channels
· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4]


In RAN #75 meeting, new WID on Even further enhanced MTC was agreed. One of the objectives is to reduce power consumption for physical channels:

	· Improved power consumption:

· Power consumption reduction for physical channels 

· Study and, if found beneficial for idle mode paging and/or connected mode DRX, specify physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel.


For wake-up signal topic, RAN1 has made the following agreements:
	RAN1 #90 made the following agreements:
Working assumption:
· For idle mode,

· The power saving signal in a cell supports being applied to FFS between:

a) All the UEs associated to a PO in the cell

b) A group of more than one of the UEs associated to a PO in the cell

c) Both (a) and (b)

· How many POs the power saving signal applies to from the UE perspective is FFS between

· A single PO only

· One or more than one PO (details are FFS)

· How many POs the power saving signal applies to from the eNB perspective is FFS between

· A single PO only 

· One or more than one PO (details are FFS)

· The power saving signal applicable to a UE is sent on the same paging carrier as the associated subsequent physical channel(s)

RAN1 #90bis made the following agreements:
· RAN1 assumes that introduction of WUS does not alter PO/PF definition

· At least in a UE’s DRX cycle:

· WUS supports at least being applied to all the UEs monitoring WUS associated to a PO in a NB-IoT carrier;

· FFS: eNB can configure WUS being applied to a group of more than one of the UEs associated to a PO in a NB-IoT carrier

· Include in the LS to RAN2, to request input on the feasibility of WUS applying to more than one PO in a PTW for eDRX case

· Working assumption:

· At least in a UE’s DRX cycle, how the UE knows the WUS time location, is:

· A WUS has a time location which is configurable with respect to the associated PO(s) location(s)

RAN1 #91 made the following agreements:
· The [maximum] duration of WUS is configured per NB-IoT carrier 
· FFS: WUS actual transmission duration can be shorter than the configured maximum duration of WUS.

· Alt 1: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS.

· Alt 2: The actual WUS duration is transmitted aligning to the end of the configured maximum duration of WUS.

· There is a non-zero gap from the end of configured [maximum] WUS duration to the associated PO
· FFS: exact value of non-zero-gap

· FFS if it is fixed in spec or configurable explicitly, or known implicitly from other configured parameters

· The network can enable or disable use of the WUS 
· How UE acquires information on WUS enabling/disabling is up to RAN2 decision

· UE can assume all the REs for transmission of WUS in a given subframe use the same antenna port.

· The UE shall not assume the transmission of WUS in more than X consecutive subframes use same antenna port.

· FFS: value of X
· WUS sequence is based on ZC-sequence

· When designing WUS sequence, negative impact on legacy NSSS detection should be avoided.

RAN1 #92 made the following agreements:
· WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles

· FFS for eDRX case

· FFS whether N depends on the length of PTW.

· For 164dB MCL, there is a WUS configuration that enables sync for at least a value of N>1 for at least the smallest DRX cycle.
· FFS for other DRX cycles and values of N

· FFS whether N is fixed, configurable, or depends on the DRX cycle


In this paper, we will discuss the impacts on the RAN2 specifications for this issue based on the RAN1’s agreements, and provide our considerations and proposals.
2 Discussion

2.1 Reliability of detecting wake-up signal

If WUS is configured, the UE will firstly detects WUS. Only if the UE can detects WUS, the UE will go on to detect PDCCH. As WUS would be transmitted with DTX mode and not always with maximum repetitions, if a UE cannot detect WUS on the configured PO, it’s difficult for the UE to identify which of the following cases has been happened:
· No WUS has been transmitted on this PO.

· UE fails to detect the WUS which has been transmitted on this PO, e.g., due to change of coverage.
If the UE cannot aware that it is outside the coverage of WUS and still keeps detecting WUS, not only the paging for this UE would be missed, but also more unnecessary UE power consumption would be caused. 

Observation 1: If a UE fails to detect WUS on the configured PO and also cannot aware that it is outside the coverage of WUS, the UE will still keep detecting WUS. Not only the paging for this UE would be missed, but also more unnecessary UE power consumption would be caused.
To avoid the above situation, eNB could configure long enough WUS duration so that the WUS can cover all the UE in the cell. However, this will require large DL resources and in some deployment scenario this is not desirable. 

One possible alternative for the UE may be that the UE can compare its CEL with the repetition configuration of WUS. Only when the UE’s CEL and the WUS transmission repetition are consistent, the UE will receive WUS. Otherwise the UE will directly detect paging regardless of WUS. However, considering that the accuracy of CEL determination is not so high or the CEL will fluctuate, we think this alternative is not so reliable. Another alternative of introducing a backoff PO can be further considered. That is, in addition to detecting the WUS, the UE is required to mandatorily detect paging on the configured backoff POs in order not to miss the paging even the UE may miss the WUS. The eNB could also schedule paging on the backoff POs. The backoff POs can be configured in SIB with starting location and the period. 
Proposal 1: It’s suggested to introduce backoff PO to improve the wake-up signal detecting reliability.
2.2 UE Grouping

Based on one WUS for one PO, UE grouping means that UEs for the same PO are further grouped, with one WUS signal for each group. Although UE grouping may have the gain of reducing unnecessary detections for PDCCH for some UEs, the pain may be more. First of all, grouping doesn’t provide much benefit unless the amount of paging is large. But if the amount of paging is large, it’s more recommended that UEs monitor MPDCCH and receive paging directly instead of detecting WUS and then monitoring MPDCCH to receive paging. In such case, using WUS will not benefit UE power saving, but cause more UE power consumption due to additional WUS detecting besides MPDCCH monitoring. So it’s more suitable to use WUS in the case of sparse paging. As mentioned before, if WUS is used in the case of sparse paging, it’s very less necessary to further introduce UE groups. 

Moreover, if UE grouping is to be introduced, resources (time, code etc) for WUS transmission will be significantly increased. UE Grouping can be achieved via code division or time division way. With code division way, different WUS sequences are used to differentiate different groups. Since several sequences may be transmitted at the same time before a certain PO, the probability of error detection of WUS will increase. If the same detection accuracy is required, the length of WUS sequence needs to be increased and power consumption for detecting WUS sequence will be increased accordingly. With time division way, there may be not enough interval/resource for transmitting the WUSs for all the UE groups between the two POs and then it may be hard for UE to exactly distinguish each WUS. One possible way to resolve this issue may be only to send one WUS for one UE group before a PO. The other WUSs for other UE groups would be sent on later POs. It’s obvious such way will decrease the utilization of this PO and cause larger paging latency.
In short, UE group-based WUS have many issues while the WUS with the current paging mechanism is good enough for UE power saving as UEs are already grouped to monitor POs based on their UE_ID. If more power saving is really needed, we think one WUS for a PO with suitable PO density configuration can also achieve similar effect as WUS for UE groups. For example, the PO density can be increased, then the number of UE associated to one PO will be decreased. As fewer UEs are associated to a PO, the possibility of unnecessary PO monitoring after detecting WUS for a UE can be reduced.
Proposal 2: It’s suggested not to support WUS for UE groups.
2.3 PO grouping

The UE power consumption would increase in more scenarios with one WUS for PTW or several POs, except that the UE has no paging for a long time. The WUS for PTW or several POs will also cause paging delay or even paging failure. To avoid the bad impacts, a joint cell specific WUS for several POs and PO specific WUS should be considered. The eNB can configure some POs within T period (e.g., 16 POs, this number can be configured by eNB) to be awakened by a cell specific WUS. Each of the rest POs can be configured with a PO specific WUS. The UE can get detecting result of each PO from detecting the PO specific WUS. Between the interval (it may be large) of the two cell specific WUSs, the UE can additionally detect PO specific WUS in order try to alleviate the issue of paging delay cause by WUS for PO grouping. 

Proposal 3: It’s suggested to introduce joint cell specific WUS for several POs and PO specific WUS.
2.4 UE capability for wake-up signal

We think the network needs to know the UE capability for supporting WUS. If no UE associated to a PO has such capability, the eNB doesn’t need to transmit WUS for this PO, otherwise, the eNB would transmit the WUS. The UE indicates the supporting capability for WUS to MME upon Attach or TAU. When the paging message needs to be transmitted from MME to eNB, the UE capability for supporting WUS shall be carried. When the eNB receives paging message from MME, the eNB can make a right decision on whether to transmit WUS. 

Proposal 4: The UE should report the capability of supporting WUS to network.
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:
Observation 1: If a UE fails to detect WUS on the configured PO and also cannot aware that it is outside the coverage of WUS, the UE will still keep detecting WUS. Not only the paging for this UE would be missed, but also more unnecessary UE power consumption would be caused.
Proposal 1: It’s suggested to introduce backoff PO to improve the wake-up signal detecting reliability.
Proposal 2: It’s suggested not to support WUS for UE groups.
Proposal 3: It’s suggested to introduce joint cell specific WUS for several POs and PO specific WUS.
Proposal 4: The UE should report the capability of supporting WUS to network.
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