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1 Introduction

In RAN1#90 and RAN1#90bis [1], the function of power saving signal was discussed and the following agreements were made with respect to the power consumption reduction for paging and connected-mode DRX:
Working assumption:
· For idle mode,

· In specifying a power saving physical signal to indicate whether the UE needs to decode subsequent physical channel(s) for idle mode paging, select a candidate among the following power saving physical signals:

· Wake-up signal or DTX

· Wake-up signal with no DTX

· FFS:

· Information conveyed by the physical signal

· Design of the physical signal

· Resources which can be used for the physical signal, considering scheduling flexibility, overhead, etc.

Agreements:

· Working assumption: WUS/DTX is adopted for the power saving  signal for IDLE mode paging;

· The UE is configured with a transmission duration of WUS by higher layers

· The WUS signal may be decoded with or without relying on prior synchronization

· Whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS is FFS
· The power saving of using existing synchronization signal to achieve sync and using WUS for synchronization should be compared.
· For RAN#78 timeline, RAN4 can assume the UE is synchronized prior to the WUS
· After RAN#78, RAN1 and RAN4 will conduct additional work to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 144 dB MCL; and will study to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 154, 164 dB MCL
· Status of work on ‘Relaxed monitoring for cell reselection’ in RAN2/4 should be considered
This contribution discusses further issues on functions of the power saving signal.
2 Power saving signal for paging
2.1 Confirmation of WUS or DTX for power saving signal
It was agreed as a working assumption that WUS/DTX is adopted for the power saving for IDLE mode paging. The only concern of the working assumption is whether WUS/DTX can support synchronization purpose. Based on the discussion in the companion paper [3], the WUS/DTX can support synchronization and by using WUS for synchronization can achieve much higher power saving than by using prior synchronization.
Therefore it is proposed to confirm the working assumption that ‘wake-up signal or DTX’ is adopted for power saving signal for IDLE mode paging.

Proposal 1: Confirm the working assumption that WUS/DTX is adopted for the power saving signal for IDLE mode paging.
2.2 Synchronization function

As discussed in the companion paper [2], the legacy procedure for UE to receive paging is shown as in Figure 1. It can be observed that external synchronization signal is used for timing/frequency acquisition before blind detecting common search space on the associated PO.
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Figure 1 legacy UE procedure for receiving paging
In RAN1#90bis, it was agreed that WUS signal is designed to be able to be detected by UE without relying on prior synchronization. It is FFS whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS. Hence, for NB-IoT UE supporting WUS, we need to consider three different procedures. For procedure 1, UE only uses WUS for detecting whether  the subsequent NPDCCH for idle mode paging needs to be processed, and before WUS detection, prior synchronization signal, e.g. NPSS/NSSS, is used to obtain time/frequency synchronization. For procedure 2, after detecting WUS, if it is detected that UE needs to decode subsequent NPDCCH, the UE uses external sync to obtain the required time/frequency synchronization before decoding the NPDCCH. For procedure 3, after the detection of WUS, the time/frequency synchronization has already been obtained without relying on an external sync signal. 
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Figure 2 Procedures on UE when WUS is used.
It was agreed that WUS signal is designed to be able to be detected without relying on prior synchronization. According to the evaluations results in the companion paper [3], it can be observed that procedure 3 can be used when WUS duration is 1~2 ms for 144dB MCL and some hundreds of ms for 164dB MCL.

Proposal 2: It is not necessary for a UE to acquire further synchronization using NPSS/NSSS to decode the NPDCCH following the WUS.
It can be further observed from the companion paper [3] that different procedures have different power saving gains, and the required transmission duration of WUS impacts the usage of different procedures for a given UE with a given coverage. A longer transmission duration of WUS causes higher resource overhead but provide more power saving gains for UE supporting WUS. The network should have the flexibility to balance the resource overhead and the power saving gain on UEs. Hence it is proposed that the duration of WUS is broadcasted in higher layers. Considering the transmission power of different NB-IoT carriers would be different, it is proposed that the duration length of WUS is configured carrier-specifically.
Proposal 3: The duration of WUS is configured per NB-IoT carrier in higher layers.
2.3 RRM measurement
It was agreed in the last meeting that the power saving signal is at least cell-specific. In theory the power saving signal can be used by UE to do RRM measurements, when the power saving signal is transmitted. This might further reduce the power consumption since UE does not need to use the NRS or NSSS to do the downlink measurement. However, the power saving signal is not always transmitted (i.e. it can be DTX), so UE still needs to do the downlink measurement with the NRS or NSSS at such times. Considering the low paging probability in NB-IoT (i.e. high probability of DTX), the benefit of using WUS to do measurement for UE is not obvious.
Proposal 4: It is not necessary to design WUS to be used by UE for RRM measurement in Rel-15.
For a UE configured with a short (e)DRX cycle, according to the current RRM specification it still needs to do the measurement for every (e)DRX cycle. This is not necessary for the UE who has low mobility and short DRX cycle, considering the UE does not re-select cells frequently. 
The relaxed monitoring for cell reselection is also discussed in Rel-15 and lead by RAN2. Hence, even if the WUS is not used for RRM measurement, using a relaxed RRM measurement periodicity enables UE to only use WUS for synchronization before processing the subsequent NPDCCH. As shown in Figure 3, considering the DRX cycle is very short for low latency which is the typical use case for WUS, the UE is assumed not to change the camped cell in one DRX cycle. Hence, relaxed RRM measurement is used and a longer relaxed RRM measurement cycle can be configured than DRX cycle. In this case, only on each occasion for RRM measurement, the UE needs to use NPSS/NSSS for synchronization and does the measurement. On other POs other than the occasions where RRM measurement needs to be applied, the UE does not need to process NPSS/NSSS and can use WUS for synchronization. It should be noticed that, even on the occasions where RRM measurement needs to be applied, the UE does not need to process the whole WUS duration because the UE has already be prior synchronized. According to our companion paper [3], the duration UE needs to process WUS with prior sync can be much shorter. 

For the occasions where RRM measurements are not applied, the UE may sometimes read NPSS/NSSS because WUS/DTX is used. And when the duration without any paging/WUS may cause timing error larger than an expected range of UE, the UE may decide to use external synchronization to keep the timing error in the expected range. This depends on UE implementation.
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Figure 3 WUS signal with synchronization function in relaxed RRM measurement
Proposal 5: Ask RAN2 to support larger RRM measurement periodicity than DRX cycle.

2.4 Inter-cell interference and inter-PO false alarm
To avoid inter-cell interference, it was already agreed WUS signal is at least cell-specific in RAN1#90bis. In the same way as other DL transmissions, the power saving signal should include cell-specific scrambling.
Moreover, in a cell, since the power saving signal can be used by UE to perform downlink synchronization within a target maximum timing/frequency error, it is possible that the power saving signals for other PO(s) are also located in the timing search window of the UE. If the power saving signal in a cell cannot be time-varyingly differentiated, the UE may experience false alarm by false detecting the power saving signal for other POs, e.g. the WUS of an earlier PO or the subsequent one, when searching for its own power saving signal. An example is shown in Figure 4, during a DRX cycle, the distance of two adjacent power saving signals is assumed as 80ms, and the maximum timing error of the UE is e.g. 60ms, then the search window of the UE would be 120ms (considering the two drift direction, 60ms*2=120ms). Supposing the UE belongs to PO1 in Figure 1, the power saving signal corresponding to PO1 is DTX and there is the power saving signal (marked as WUS in the figure) corresponding to PO2. Then the UE may be falsely woken up by detecting the WUS of PO2 to PO1. This may lead to error in time/frequency synchronization and wastage of power.
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Figure 4: Example of the impact from power saving signal for other POs in the cell
Thus, the power saving signal should also include time-varying scrambling, e.g. different scrambling codes on different occasions when sending power saving signal. A possible scrambling method can be found in our companion paper [3].
Proposal 6: Include scrambling time-varying in the power saving signal.
2.5 SI change notification
System information change notification can be carried by either Direct Indication or paging message in current specification. Then for the power saving signal, there are two options to indicate the SI change notification. Either the power saving signal indicates whether there is an NPDCCH at the following PO, no matter the NPDCCH is Direct Indication or a normal DCI format N2. Or, the power saving signal has two separate states to indicate the Direct Indication and a normal DCI format N2 respectively. This latter option might further reduce the UE power consumption since UE can directly re-acquire the updated system information after reading the state corresponding to Direct Indication, and skip the NPDCCH detection. However, the benefit may be quite small given the low frequency of SI change in NB-IoT. Moreover, it decreases the detection performance for UE  since it introduces a third state, which leads UE consume more time to successfully detect the power saving signal, or higher error rates. 
Overall, it is proposed not to distinguish if the NPDCCH is for Direct Indication or paging.

Proposal 7: Direct Indication is not indicated by power saving signal.
3 Power saving signal for connected mode
UE in RRC_CONNECTED mode should keep monitoring the USS according to the DRX configuration of MAC layer. However, it is possible that there is not any actual scheduling during the on-duration length within a DRX cycle, but the UE also needs to monitor NPDCCH for the whole on-duration length which can be configured as 1~32 search space periods. This is a waste of power for UE since the UE does not need to expend this effort in practice. 

The power saving signal for paging has been discussed in detail, and there is no substantial difference between paging and non-paging case, except that the power saving signal for connected mode does not need to be designed to support downlink synchronization. Hence we make a proposal for the power saving signal in connected mode which mainly follows the proposals of power saving signal for paging.
The main changes needed are to make the configurations UE specific, and ensure no false alarm between WUS signal for UEs in idle vs connected modes. Hence, some differentiation between WUS signal for IDLE mode and WUS for connected mode is needded. One potential solution would be using the same type of sequence with different scrambling.
Proposal 8: WUS in connected mode applies to a USS or a DRX on-duration, and uses the same design as far as necessary as in idle mode, with at least the following differences: 
· The configurations of WUS for connected mode are UE-specific;
· False alarm for wake-up indication between UEs in IDLE mode and connected mode should be avoided.
4 Conclusions
In this paper, some remaining issues on the function of power saving signal are provided. The following proposals are made.
Proposal 1: Confirm the working assumption that WUS/DTX is adopted for the power saving signal for IDLE mode paging.

Proposal 2: It is not necessary for a UE to acquire further synchronization using NPSS/NSSS to decode the NPDCCH following the WUS.
Proposal 3: The duration of WUS is configured per NB-IoT carrier in higher layers.
Proposal 4: It is not necessary to design WUS to be used by UE for RRM measurement in Rel-15.
Proposal 5: Ask RAN2 to support larger RRM measurement periodicity than DRX cycle.

Proposal 6: Include scrambling time-varying in the power saving signal.
Proposal 7: Direct Indication is not indicated by power saving signal.

Proposal 8: WUS in connected mode applies to a USS or a DRX on-duration, and uses the same design as far as necessary as in idle mode, with at least the following differences: 
· The configurations of WUS for connected mode are UE-specific;
· False alarm for wake-up indication between UEs in IDLE mode and connected mode should be avoided.
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