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1 Introduction

In RAN1#90bis, the following agreements and working assumptions were made with respect to the configurations and procedures of power saving signal [1].
Agreements:
· The UE is configured with a transmission duration of WUS by higher layers

· 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

· Send LS to request RAN2 input on feasibility of UE groups for WUS. (Xiaolei, HiSilicon, prepare draft LS in R1-1719102, which is endorsed and approved in R1-1719207)

· At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle 

· 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)

In this paper, we provide some further considerations on the resource configuration and procedures for the power saving signal.
2 Procedures of UE monitoring paging through power saving signal
According to the legacy paging mechanism, UE should rely on NPSS/NSSS to obtain downlink synchronization after waking up from sleeping. After that, UE monitors the NPDCCH search space for paging, and if UE successfully detects the DCI format N2 scrambled by P-RNTI, then it decodes the following paging NPDSCH. The legacy procedure is shown in Figure 1.
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Figure 1: Illustration of legacy procedure of UE receiving paging
Since the power saving signal is introduced for paging, the UE procedure of receiving paging is also changed. Basically there are three candidate UE procedures for receiving paging.
Procedure 1: UE relies on NPSS/NSSS to obtain downlink synchronization prior of WUS detection.
Procedure 2: UE does not rely on NPSS/NSSS to obtain downlink synchronization prior to WUS detection. UE relies on NPSS/NSSS to obtain downlink synchronization after the WUS detection before the reception of NPDCCH if WUS is detected.

Procedure 3: UE does not rely on NPSS/NSSS to obtain downlink synchronization prior of WUS detection. UE can decode NPDCCH after the WUS detection if the WUS is detected.

The three candidate procedures are shown in Figure 2.
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Figure 2: Illustration of candidate procedures of UE receiving paging through WUS
In the last meeting, it was agreed the WUS signal may be decoded with or without relying on prior synchronization. It means the WUS signal design can be detected without any prior synchronization, and the WUS signal design provides synchronization function. 

In procedure 1, before detecting WUS, the UE obtains the synchronization acquisition by using external synchronization signal. When the WUS duration configured by the network is too short to provide sufficient synchronization performance to the UE, the UE may decides to use procedure 1. 

In procedure 3, WUS signal is used for synchronization before decoding NPDCCH. When the configured WUS duration can support achieving the coverage of the UE for synchronization purpose, the UE can use procedure 3.
In procedure 3, since UE skips the NPSS/NSSS detection and directly detects the WUS after waking up, it shows in our companion paper that procedure 3 brings more power saving gain than procedure 1 and 2. Hence from UE point of view, if the duration length of WUS can support the coverage of the UE for using Procedure, UE should be more likely to use Procedure3. 
In procedure 2, WUS can be successfully detected in non-synchronized scenario. We think when the WUS can be successfully detected by UE fulfilling required false alarm and miss-detection rate, the time/frequency should be also obtained after the WUS detection. Hence the WUS overhead in Procedure 2 is the same as that in Procedure 3. On the other hand, an additional time gap is added between the WUS and PO, this may introduce more latency for paging. Hence, we do not see any benefit to use Procedure 2 compared with Procedure 3.
Proposal 1: NPSS/NSSS are not used to acquire further synchronization between WUS and NPDCCH.
3 Resource allocation and configurations
3.1 UEs associated to a WUS
According to the current specification, PO is calculated based on higher layer UEID and some cell-specific parameters, as the formula shows. It can be seen that different UEIDs may be mapped to the same PO during the DRX cycle. A PO corresponds 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 (subframe) 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. 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. So it can be seen that the fewer UEs which share one WUS, the less influence they have on each other. RAN2 are considering the feasibility of UE grouping, but the benefits seem clear.
Observation 1: From the physical layer viewpoint, it is beneficial if the WUS can be configured to apply to a sub-group of UEs associated to a PO.

The association of UE to WUS will depend on a formula similar to UE association to PO, which needs to know the number of WUS that are configured in total. Therefore, this will need to be configured to the UE. We suggest that a range of 1 – 8 WUS per PO is sufficient.
Proposal 2: eNB configures UE the number of WUS associated to one PO in a DRX cycle from the set {1, 2, 4, 8}.
3.2 Configuration
Some signalling/parameters should be introduced to help UE acquire the power saving signal.
3.2.1 WUS duration

As we discussed in section 2, UE may decide to use different WUS procedures according to the transmitted WUS duration. If the WUS duration is long enough for a given UE to achieve synchronization by detecting WUS, Procedure 3 may be used by the UE. Hence, the duration length of WUS needs to be configured by the eNB. It was already agreed that the UE is configured with transmission duration of WUS by higher layers.

However, paging may be transmitted on different carriers including both anchor carrier and non-anchor carrier. The transmit power of different carriers may be different. Hence, it is proposed to configure the WUS duration length carrier-specifically, otherwise WUS on different carriers may have different coverage and performance on different carriers and it is difficult for UE to know whether the duration on one carrier is sufficient to achieve the coverage of the UE for using Procedure 3.
According to the evaluation results in our companion paper [2], it can be found that in standalone deployment, the required WUS duration to support both synchronization and WUS/DTX detection is roughly within [1, 512] ms to meet the various coverage requirements. Considering the worse case in in-band and guard-band deployment than standalone deployment can be well estimated with a multiplication of 4, then the predefined set of the WUS duration can be e.g. {4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048} (ms). 

Proposal 3: The duration of WUS is configured by higher layers per NB-IoT carrier from {4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048} ms.
We should take some note of the meaning of the WUS duration configuration. The eNB may decide to transmit a shorter WUS than it is configured if it estimates that all relevant UEs will be able to receive it sooner. Although this is an implementation matter for eNB, it is particularly relevant when there are sub-groups of UEs which will have different coverage characteristics within one NB-IoT carrier. It means that the effect of the maximum WUS duration configuration is to set a minimum duration before which the UE cannot decide DTX.
Proposal 4: UE does not decide WUS was DTX before the configured duration of WUS on the NB-IoT carrier.
The network should have the flexibility to indicate that only UEs in expected coverage for which the eNB can allocate WUS resources should use WUS before Paging occasions. Otherwise, the eNB needs to guarantee the UE supporting WUS in worst coverage can use WUS. 
If configured WUS duration is used for this purpose, there may be different understanding between UE and eNB about the applicable coverage of the configured WUS duration. This is due to the fact that the performance corresponding to the configured WUS duration significantly relies on the UE implementation. In this case, a UE assuming WUS detection may not detect any WUS due to the fact that the eNB thinks that the UE is in too bad coverage to use the configured WUS duration for reliable detection and does not transmit WUS at all.  

To avoid this, it is proposed to configure the NRSRP threshold or other target coverage level information regarding the WUS together with WUS duration length. NRSRP thresholds can be broadcasted with WUS duration. From eNB’s point of view, the mapping between NRSRP threshold and the performance on WUS detection can be specified as RAN4 requirements. Hence, the NRSRP threshold corresponds to a guaranteed WUS performance for a given configured WUS duration. Based on this, eNB may not transmit the WUS for a UE in certain coverage, meanwhile the UE’s paging performance is expected not to be impacted significantly.
Proposal 5: Applicability of WUS to coverage, e.g. NRSRP threshold for where WUS is/is not used, is configured together with WUS duration to enable eNB to control the target coverage and resource overhead due to WUS.
3.2.2 Time location of WUS
It was agreed as working assumption that at least in a UE’s DRX cycle, a WUS has a time location which is configured with respect to the associated PO(s) location(s). If instead, WUS timing has no relationship to the PO location, then WUS has an absolute time location and indicates more than one PO from the network perspective. The delay in the worst case, i.e. the delay between the WUS and the last associated PO may be much larger than the delay in the best case, i.e. the delay between the WUS and the first associated PO. Whereas with the working assumption, the time location of WUS is configured with a delay relative to the associated PO, and the average delay from WUS to the associated PO can be controlled. 
Proposal 6: Confirm the working assumption that at least in a UE’s DRX cycle, a WUS has a time location which is configurable with respect to the associated PO(s) location(s).
As with the WUS duration, the timing gap between WUS and PO should also be carrier-specific, because different WUS durations may need different timing gaps with PO. For the configuration of the timing gap between WUS and PO, a simple method is to reuse the configured WUS duration to define the timing gap between WUS and PO. This is because firstly, the actual duration of WUS transmission is no larger than the configured WUS duration, so there is enough resource for the WUS transmission. Secondly, this method can reduce the signalling overhead compared with directly configuring the timing gap value(s). 

To leave UE enough processing time of the WUS detection before decoding NPDCCH, a fixed gap can be defined after the end of the configured (maximum) WUS duration, as Figure 3 shows.
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Figure 3: Illustration of the configuration of the timing location of WUS.

If multiple WUSs together indicate one PO due to UE sub-grouping, the WUSs can be located in the position which has incremental delay before the PO. And the incremental step is the configured WUS duration, like the Figure 4 shows.
[image: image4.emf] 

WUS/DTX

PO

Configured WUS duration Fixed gap Configured WUS duration

WUS/DTX

WUS/DTX

Configured WUS duration

…


Figure 4: Illustration of the configuration of the timing location of multiple WUS of one PO
Proposal 7: All the WUSs indicating one PO are transmitted in back-to-back durations such that the final WUS duration finishes at the beginning of a specified fix gap before the PO.
4 Conclusions
In this paper, some considerations on the resource allocation and configuration of power saving signal are provided. The following proposals and observations are made.
Proposal 1: NPSS/NSSS are not used to acquire further synchronization between WUS and NPDCCH.
Proposal 2: eNB configures UE the number of WUS associated to one PO in a DRX cycle from the set {1, 2, 4, 8}.
Proposal 3: The duration of WUS is configured by higher layers per NB-IoT carrier from {4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048} ms.
Proposal 4: UE does not decide WUS was DTX before the configured duration of WUS on the NB-IoT carrier.
Proposal 5: Applicability of WUS to coverage, e.g. NRSRP thresholds for where WUS is/is not used, is configured together with WUS duration to enable eNB to control the target coverage and resource overhead due to WUS.
Proposal 6: Confirm the working assumption that at least in a UE’s DRX cycle, a WUS has a time location which is configurable with respect to the associated PO(s) location(s).
Proposal 7: All the WUSs indicating one PO are transmitted in back-to-back durations such that the final WUS duration finishes at the beginning of a specified fix gap before the PO.
Observation 1: From the physical layer viewpoint, it is beneficial if the WUS can be configured to apply to a sub-group of UEs associated to a PO.
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