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Discussion and Decision
1 Introduction

In RAN1 #91, the following working assumptions and agreements were made with respect to the study of techniques for power consumption reduction in idle mode paging [1]:

Agreement:

· 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

Agreement:

· WUS sequence is based on ZC-sequence
· When designing WUS sequence, negative impact on legacy NSSS detection should be avoided.
Working assumption
· WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage.
· Prioritizie to minimize impact on UE synchronization performance.
· FFS: detailed design on time-varying of the WUS signal

The following working assumption and agreements were also made in RAN1 #92 [2]:

Working assumption
· For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every N DRX cycles, where N is FFS

· The RRM measurement relaxation is enabled/disabled by the network.

· WUS can still be enabled by the network when the RRM measurement relaxation is disabled.

· Note: This does not imply any change in the random access procedure / power control / CE level selection, nor relaxations in the requirements related to the random access procedure.

· 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

Agreement
Confirm the working assumption that the WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage.
Agreement
· WUS conveys the cell ID;
· FFS: UE group ID
· FFS how/whether to handle the case of false alarm resulting from detecting WUS corresponding to different POs/UE groups (if introduced)
In this contribution, we provide our views on the considerations for the design of the wake-up signal (WUS) for further enhanced NB-IoT and make some proposals.
2 Design considerations
From the working assumption in RAN1 #92, for a UE in eDRX, in addition to paging indication, the WUS also provides synchronization function for up to the maximum time/frequency offset that may result from its relaxed RRM measurement behavior. Furthermore, it is agreed the WUS conveys the cell ID. The potential benefits of UE grouping are discussed in our companion contribution [3]. The extent of power-savings is not clear, however. Nevertheless, RAN2 has indicated that UE grouping is feasible from the RAN2 perspective. We discuss in [3] some approaches for grouping. If UE grouping is supported, it would be necessary for the WUS to provide the UE group ID as well. Then only UEs belonging to the group identified by the WUS would wake up and monitor the PO for NPDCCH.
Proposal 1: If UE grouping is supported, the WUS conveys UE group ID information.

When a long WUS sequence is transmitted for UEs to wake up UEs in coverage enhancement associated with a PO, the WUS associated with the PO can overlap with the subframe that would be used for the WUS associated with a subsequent PO. Then a UE monitoring the WUS associated with the latter PO may receive the WUS associated with the former PO. This is illustrated in Figure 1. To page UE 1 in PO 1, a WUS is transmitted at the wake-up occasion (WO) 1. UE 2 monitors WO 2 associated with PO 2. It is seen that UE 2 also receives a part of the WUS, starting at WO 2, and will attempt to detect it. If the part of the WUS sequence transmitted at WO 1 and received at WO 2 matches what UE 2 expects to receive at WO 2 for its own WUS, then UE 2 may be able to successfully detect the WUS, e.g., if UE 2 is in good coverage. If it is successful in detecting the WUS, then UE 2 will also attempt to monitor the NPDCCH at PO 2, which is a wasteful procedure since the eNB transmits a page for only UE 1 at PO 1. Therefore, there is unnecessary power consumption for UE 2.
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Figure 1. False detection of WUS associated with a different WO due to no distinction between sequences.
Thus, if there is no distinction between segments of the WUS sequence that may be received at any time corresponding to transmissions at two different WOs, a UE may detect the WUS from a WO that it is not associated with and erroneously falsely determine that it needs to monitor the NPDCCH at its own PO. This behavior is undesirable. Clearly, if repetitions of the same basic unit of the WUS are used for transmission at different WOs, this can occur. This can also occur, however, if the long sequence is a simple time-dependent extension of the sequence used as the basic unit. That is, it is not sufficient, for example, to merely scramble the WUS repetition in any subframe based on the subframe index. This would still make the WUS sequence transmitted at two neighboring WOs the same in any given subframe.

If the received WUS corresponding to transmission at each WO is different, however, then a UE will not detect a WUS that corresponds to another WO. This is illustrated in Figure 2, where UEs monitoring different WOs expect to receive different WUSs and hence will not erroneously detect the WUS from another WO. This could be accomplished by scrambling the WUS with a sequence that depends on the starting time of the WO or the PO. Since the starting times are different for different WOs or POs, the scrambling sequence and hence the transmitted WUS sequence would be different.
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Figure 2. Use of distinct signals for different WOs.
Proposal 2: To prevent false detection, the WUS is scrambled based on timing of WO or PO.  
If the receiver misses detecting the WUS, it will fail to monitor the NPDCCH. The UE will then not decode the NPDCCH when it is paged and hence misses the paging message, resulting in increased latency. Therefore, missed detection impacts the performance. To minimize the chance of this occurring, the probability of missed detection must be sufficiently small.

A false detection occurs if the wake-up receiver incorrectly determines that the wake-up signal has been transmitted when it is not actually transmitted. This may occur in low SINR conditions. When false detection occurs, the receiver unnecessarily monitors the NPDCCH. There is no impact on the receiver performance, but more power is consumed because the receiver is unnecessarily activated to perform the normal operations. Therefore, keeping the probability of false detection low helps with minimizing wastage of power.
Proposal 3: Consider probability of missed detection and probability of false detection in the design criteria for the WUS.

It has been agreed that the WUS sequence is a based on a ZC sequence. It is also possible to consider a design in which the WUS sequence carries 1 or 2 bits of information. No CRC check would be required, however, since the WUS is a sequence. An example of the type of information that can be carried by the WUS is whether the UE should monitor the NPDCCH for paging DCI or it can directly skip to receiving the paging NPDSCH based on predetermined scheduling information. UE power consumption is not expected to be adversely affected by this approach.
3 Conclusions

In this contribution, we provide our views on the considerations for the design of the wake-up signal for further enhanced NB-IoT. The following observations and conclusions are made.
Proposal 1: If UE grouping is supported, the WUS conveys UE group ID information.
Proposal 2: To prevent false detection, the WUS is scrambled based on timing of WO or PO.  

Proposal 3: Consider probability of missed detection and probability of false detection in the design criteria for the WUS.
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