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1 Introduction

In RAN1#90, the following agreements and working assumptions were made with respect to the power consumption reduction for paging and connected-mode DRX [1]. And the evaluation assumptions and scenarios for the power saving signal of paging are also agreed in thread [90-20] [2].

Agreements:

· For idle mode,

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

· All the UEs associated to a PO in the cell

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

· 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)

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.

In this paper, we provide some further considerations on the resource configuration issue for the power saving signal.
2 Power saving signal for paging
2.1 Resource allocation
UEs associated to a WUS
According to the current specification, PO is calculated based on the UEID and some cell-specific parameters, as the formula shows. It can be seen that multiple UEID may share a same PO during the DRX cycle. A PO is corresponding to a group of UEs whose UEID mod N are the same (and UEID/N are the same).
PF: SFN mod T= (T div N)*(UE_ID mod N)

Index of PO: i_s = floor(UE_ID/N) mod Ns

So the power saving signal should be also associated with multiple UEs. The question is whether the multiple UEs should be all or can be only some of the UEs corresponding to a PO. To support groups of UEs needs more resource for the power saving signal but can bring more benefit for UE power consumption reduction. The UE group associated with a certain PO is divided in to several sub-groups and each sub-group of UEs monitors a corresponding WUS. In this way, for a given UE, the probability of being unnecessarily woken up by paging for other UEs is reduced, and the power consumption also decreases. For example, suppose the paging rate is 0.1 for a single UE at a PO, and consider two examples, with 20 UEs share one WUS and 5 UEs share one WUS. Then the probability of being unnecessarily woken for a given UE is about (1-0.1)*[1-(1-0.1)19] = 0.78 and (1-0.1)*[1-(1-0.1)4] = 0.31 in the two examples respectively. It can be seen that the fewer UEs which share one WUS, the less influence they have on each other.

Proposal 1: The power saving signal in a cell can be configured to apply to:
· All the UEs associated to a PO in the cell; or, 
· A group of more than one of the UEs associated to a PO in the cell
POs associated to a WUS (UE perspective)
From the UE’s perspective, there are two candidates for the number of POs which a WUS applies to.
Candidate 1: One WUS indicates one PO.

Candidate 2: One WUS indicates one or multiple PO.

An example illustration of the two candidates is shown in Figure 1.
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Figure 1: Illustration of the relationship between WUS and PO from UE perspective
Candidate 1 can be seen as a baseline choice that one WUS simply indicates whether there is NPDCCH at one PO. On the one hand, candidate 2 sacrifices some possible gain brought by the power saving signal, because if the power saving signal is WUS which indicates UE that there is NPDCCH in the following several DRX cycles, then UE still needs to monitor the NPDCCH search space for each of the following associated DRX cycles. On the other hand, if the power saving signal is DTX which indicates that there is not NPDCCH in the following several DRX cycles, then UE can be in sleep mode and does not need to monitor the power saving signal during the following several DRX cycles. Furthermore, if one WUS indicates multiple PO, then the overhead of the power saving signal can be reduced compared with candidate 1. 
We can compare the candidate 1 and candidate 2 (only meaning one WUS indicates multiple PO here). Denote the paging rate as 
[image: image2.wmf]P

, the power consumption for monitoring NPDCCH as 
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 and the power consumption for monitoring power saving signal as 
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, and assume one WUS indicates 
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DRX cycles in candidate 2, then we can get the power consumption for candidate 1 and 2 as:
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Substitute 
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 with 0.1, 
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 with 2 and  
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 with 5, then the power consumption of candidate 1 and candidate 2 are 3 and 2.9 respectively, which shows the candidate 2 consumes fewer power than candidate 1 under the above assumptions. If change the paging rate 
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 to 0.2 and others not changed, then the power consumption of candidate 1 and candidate 2 are 4 and 4.6 respectively, which shows the candidate 1 is a little better.
So it can be seen that different paging rate leads different results of the comparison between candidate 1 and candidate 2, and therefore allowing eNB to configure how many POs a WUS applies to is necessary.
Proposal 2: From the UE perspective, one WUS can indicate one or multiple POs, configurable by higher layers.
POs associated to a WUS (eNB perspective)
From the eNB’s perspective, there are also two candidates for the number of POs which a WUS applies to. 

Candidate 1: One WUS indicates one PO.

Candidate 2: One WUS indicates multiple PO.

An example illustration of the two candidates is shown in Figure 2.
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Figure 2: Illustration of the relationship between WUS and PO from eNB perspective
Candidate 1 can be also seen as a baseline that one WUS simply indicates whether there is NPDCCH at one PO in a DRX cycle.
In candidate 2, since one WUS indicates multiple POs, the UEs belong to a PO may be unnecessarily woken by paging for UEs belonging to other POs within the WUS’s range, which will reduce the possible benefit brought by the power saving signal. Using a bitmap to indicate each PO may still increase the payload conveyed by WUS and hence, reduce the gain introduced by WUS. Furthermore, if the WUS indicates that there is paging, then the UE belonging to the last PO within the WUS’s range should keep active for certain duration until the last PO, which increases the power consumption for UE. Overall, this option will cost UE power. 
Proposal 3: From the eNB perspective, a WUS applies to one PO in a DRX cycle.

2.2 Configuration

The eNB will need to configure the time/frequency location of the power saving signal. According to the agreement in the last meeting, the power saving signal applicable to a UE is sent on the same NB-IoT carrier as the associated paging channel, so there is no need to introduce additional indication to indicate UE the carrier information for the power saving signal.

The time location of the power saving signal can be resolved into three aspects: period, starting position and duration. The configuration should be cell specific because eNB does not have the identity information of an IDLE mode UE, and it is unnecessarily complex for resource scheduling and configuration signaling  to let different WUS have different configurations.
Period within one DRX cycle
The period here means the timing gap between adjacent WO (Wake-up Occasion of power saving signal) in a DRX cycle. In current paging, the period of PO (i.e. timing gap between adjacent PO in a DRX cycle) is indirectly indicated through the number of POs in a DRX cycle (i.e. ‘nB’ in spec 36.304). For example, if nB is set to T/32, where T denotes the DRX cycle with unit of radio frame, then the period of PO is equal to T/(T/32)=32 radio frames. The WO periodicity can be signaled in a similar way, to ensure the number of WOs scales with the length of a DRX cycle, in which case the equivalent nBWO should be a ratio of nB, which also avoids needing to define a very long list of nBWO values.
Starting position

The starting position of the power saving signal can be located in a certain offset before the corresponding PO. An illustration of the period and staring position of the power saving signal can be found in Figure 3.
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Figure 3: Illustration of the period and starting position (gap before PO) for power saving signal

Duration
Since the needed duration of the power saving signal are different for UEs at different coverage, so power saving signal needs to support detection after different durations. The UE can choose a corresponding duration length for power saving signal detection according to the configured duration corresponding to the measured RSRP. By doing this, UE in good coverage can stop the detection of the power saving signal earlier to avoid unnecessary power waste.
Proposal 4: Multiple WUS durations can be configured in a cell, corresponding to different coverage requirements.
Proposal 5: The following parameters for the power saving signal are cell-specifically configured by higher layers:
· Ratio between the WO number and PO number within a DRX cycle;
· Time offset between the starting subframe of WO and associated PO;
· The durations used for power saving signal detection for different coverage.
3 Conclusions
In this paper, some considerations on the resource allocation and configuration of power saving signal are provided. The following proposals are made.
Proposal 1: The power saving signal in a cell can be configured to apply to:

· All the UEs associated to a PO in the cell; or, 
· A group of more than one of the UEs associated to a PO in the cell
Proposal 2: From the UE perspective, one WUS can indicate one or multiple POs, configurable by higher layers.
Proposal 3: From the eNB perspective, a WUS applies to one PO in a DRX cycle.

Proposal 4: Multiple WUS durations can be configured in a cell, corresponding to different coverage requirements.

Proposal 5: The following parameters for the power saving signal are cell-specifically configured by higher layers:

· Ratio between the WO number and PO number within a DRX cycle;

· Time offset between the starting subframe of WO and associated PO;

· The durations used for power saving signal detection for different coverage.
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