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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#92 [1], the following agreements and working assumptions were made with respect to the configurations and procedures of power saving signal.
Agreement
· Remove the bracket in the agreement: 
· The [maximum] duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. 
· WUS actual transmission duration can be shorter than the configured maximum duration of WUS.

Working assumption
WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.
Note: the above applies to at least the case where the gap is large enough for scheduling UE
Note: the above does not imply that subgroup of UEs is introduced and that subgroup is TDM

Agreement
· The list used for configuring maximum duration of WUS at least depends on Rmax associated type 1 CSS, and FFS the number and exact values of the scaling factors between maximum duration of WUS and Rmax associated type 1 CSS

Agreement
Remove the bracket in the following agreements:
· 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 [maximum] duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. FFS if the list:
· depends on Rmax and if so the number of lists specified
· is a single list for all Rmax
Note: the Rmax refers to the one configured for paging
· The non-zero gap from the end of the configured [maximum] WUS duration to the associated PO is configurable
· FFS the minimum duration
· FFS the configuration is explicit or implicitly derived

Agreement
· In eDRX, from the UE perspective, the default UE configuration is a one-to-one mapping between WUS and PO.
· In eDRX, from the UE perspective, an optional UE configuration is a 1-to-N mapping between WUS and PO.
Note: The WUS design and configuration for eDRX must allow the network to reach a UE within a PTW.

In this paper, we provide some further considerations on the resource configuration and procedures of the power saving signal.
[bookmark: _Ref129681832]Paging procedure with WUS
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.
[image: ]
[bookmark: _Ref497923112][bookmark: OLE_LINK2][bookmark: OLE_LINK3]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. There are three candidate UE procedures for receiving paging.
· Procedure 1: UE relies on NPSS/NSSS to obtain downlink synchronization prior to 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 and before the reception of NPDCCH if WUS is detected.
· Procedure 3: UE does not rely on NPSS/NSSS to obtain downlink synchronization prior to 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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[bookmark: _Ref497927516]Figure 2: Illustration of candidate procedures of UE receiving paging through WUS
In RAN1#90bis [2], it was agreed that 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, at least in some coverage scenarios.
In Procedure 1, before detecting WUS, the UE obtains the synchronization acquisition by using external synchronization signal.
In Procedure 2, the WUS is detected in a non-synchronized scenario, and further synchronization is obtained by using NPSS/NSSS before decoding NPDCCH.
In Procedure 3, only the WUS is used for synchronization before decoding NPDCCH. When the configured WUS duration is long enough to guarantee sufficient synchronization performance, 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 is shown in our companion paper [4] that Procedure 3 brings more power saving gain than Procedure 1 and 2. However, one issue of Procedure 3 is that the duration of WUS needs to be ~100ms or longer for supporting synchronization in 164 dB coverage.
For 144 dB coverage, as discussed in our companion paper [5], the power saving gain is marginal or even negative if Procedure 1 and 2 are used for receiving paging. Instead, attractive power saving gains can be achieved if Procedure 3 is used. Thus, we suggest that at least for UEs in 144 dB and 154 dB, Procedure 3 is used for receiving paging, which requires that the WUS shall provide sufficient synchronization performance at least for UEs in 144 dB and 154 dB coverage.
Proposal 1: The WUS shall provide sufficient synchronization performance that at least UEs in 144 dB and 154 dB coverage do not need to detect NPSS/NSSS before WUS.
Resource allocation and configurations
[bookmark: _Ref497933232]UEs associated to a WUS (UE sub-grouping)
According to the current specification, PO is calculated based on higher layer UEID and some cell-specific parameters, as the formula below 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 also be 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 sharing one WUS and 5 UEs sharing one WUS. Then the probability of being unnecessarily woken up 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 we can conclude that the fewer UEs which share one WUS, the less influence they have on each other. RAN2 have sent an LS informing RAN1 that it is feasible to configure the WUS to be applied to a group of UEs associated to one PO [6], so the benefits are clear.
Observation 1: From the physical layer’s viewpoint, it is beneficial if the WUS can be configured to apply to a sub-group of UEs associated to a PO, and it is feasible to do so for higher layers.
The association of UEs to WUS will depend on a formula similar to UEs association to PO, which needs to know the number of WUS that are configured in total. Therefore, this needs to be configured to the UE. We believe that a range of 1 – 8 WUS per PO will be sufficient.
Proposal 2: eNB configures the number of WUS associated to one PO in a DRX cycle from the set {1, 2, 4, 8}.
Configuration
Some signaling/parameters should be introduced to help UE acquire the power saving signal.
[bookmark: _Ref498609428][bookmark: _Ref509511666]WUS duration and alignment
It has been agreed in RAN1#92 [1] that the maximum duration of WUS is configured in SIB per NB-IoT carrier as one value from a list, and WUS actual transmission duration can be shorter than the configured maximum duration of WUS. It has also been agreed that the list used for configuring maximum duration of WUS at least depends on Rmax associated to Type-1 CSS, and FFS the number and exact values of the scaling factors between maximum duration of WUS and Rmax associated type 1 CSS.
Let and  denote the configured maximum duration of WUS and the scaling factor, respectively. Then we have . Since it is not necessary that WUS provides a coverage larger than NPDCCH, then there is no need that  takes values larger than 1. Moreover, since WUS conveys much less information than NPDCCH, it is possible that a very short WUS is enough for successful detection in some situations. Therefore,  should be supported to enable sending a very short WUS to reduce network resource overhead. As a result, we propose that  And we also propose that the configured maximum duration of WUS is defined in the number of valid subframes, which is similar with the definition of .
Proposal 3: The list of values of configured maximum duration of WUS is  valid subframes.
In RAN1#92 [1], it was agreed as a working assumption that WUS transmission relative to the associated PO (of subgroup of UEs) is aligned to the start of the configured maximum duration of WUS. We propose to confirm this working assumption, and the reasons are given as follows.
Considering the position of the actual WUS duration, two alternatives are given during RAN1#91 discussion [3]:
· Alt 1 (working assumption): The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS, see Figure 3 (a).
· Alt 2: The actual WUS duration is transmitted aligning to the end of the configured maximum duration of WUS, see Figure 3 (b).
[bookmark: _Ref504839608][bookmark: _Ref504839603]Figure 3: Alignment of actual WUS duration
The differences between the working assumption and Alt 2 mainly lie in three aspects:
· Signal reception time & power consumption: The working assumption enables pipeline processing of the WUS. So the UE can start to process the WUS as soon as it receives the first subframe of the WUS, and can stop signal reception once the WUS is successfully detected. Thus, the signal reception time in Alt 1 might be smaller than the actual WUS duration. In contrast, by adopting Alt 2, the UE has no idea of the actual start position of the WUS. To ensure the detection performance, the UE may have to receive and buffer all the signal from the beginning of the configured maximum duration of WUS to the end of it, particularly assuming the WUS actual duration has been matched closely to the UE’s minimum necessity. Therefore, compared with the working assumption, Alt 2 leads to more signal reception time and more power consumption.
· Memory requirement: Since the working assumption enables pipeline processing of the WUS, the newly received subframe of WUS can be coherently combined to the existing one. Thus, by adopting Alt 1, the minimum required memory size of the UE for WUS detection is just one subframe. On the contrary, pipeline processing is disabled by Alt 2. So the UE may have to receive and buffer all the signal from the beginning of the configured maximum duration of WUS to the end of it, which can be tens or hundreds of subframes, many of which will prove to have no WUS. Consequently, Alt 2 requires much more memory of the UE than the working assumption.
· Processing capability: As shown in Figure 3, the processing time budget for WUS detection is  in the working assumption and  in Alt 2. Approximately,  equals to  plus the configured maximum duration of WUS. Since the configured maximum duration of WUS can be tens or hundreds of subframes,  is usually much smaller than. Thus, Alt 2 has a much tighter processing time budget () for WUS detection than the working assumption, leading to much higher demand on UE’s processing capability.
In summary, confirming the working assumption has clear advantages in terms of lower power consumption, smaller memory requirement, and lower demand on UE’s processing capability.
Proposal 4: Confirm the working assumption that WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.
Time location of WUS
In RAN1#90bis [2], it was agreed as a 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). 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 5: 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).
To leave UE enough processing time of detecting the WUS before decoding NPDCCH, it was agreed in RAN1#92 [1] that there is a non-zero gap from the end of the configured maximum WUS duration to the associated PO, as Figure 4 shows, and the exact value of the non-zero-gap is FFS.

[bookmark: _Ref504840435]Figure 4: 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. The incremental step is the configured maximum WUS duration, as Figure 5 shows.

[bookmark: _Ref498610072]Figure 5: Illustration of the configuration of the timing location of multiple WUS of one PO
As for the unit of the non-zero gap, there are two alternatives:
· Alt 1: the non-zero gap is defined as an an absolute number of subframes, i.e. a milliseconds value.
· Alt 2: the non-zero gap is defined as a number of valid subframes.
As described in Section 3.2.1, we propose that the configured maximum duration of WUS is defined in the number of valid subframes. Thus, the UE can calculate the correct starting position of WUS under both Alt 1 and Alt 2. However, Alt 1 has advantages in terms of less network resource overhead than Alt 2. For example, as illustrated in Figure 6, assume there are only 2 invalid subframes right before the PO, and the non-zero gap is, as an example, 4 ms (Alt 1) or 4 valid subframes (Alt 2). We can see that Alt 1 has a later start position of WUS, thus leading to less resource fragmentation since it may be difficult to fit short transmissions into gaps. Moreover, during the non-zero gap, the UE is doing tasks such as loading firmware, context and so on, which do not depend on valid subframes. Therefore, we propose that the non-zero gap is defined as an absolute number of subframes, i.e., Alt 1.
Proposal 6: The non-zero gap is defined as an absolute number of subframes.
[image: ]
Figure 6: Illustration of the unit of non-zero gap
The exact value of the non-zero gap needs to be determined by taking UE’s processing capability into consideration along with the relationship between when CN sends the paging command and when RAN has a PO. 
Proposal 7: The exact value of the non-zero gap from WUS to the associated PO needs to be determined by taking UE’s processing capability into consideration.
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: The WUS shall provide sufficient synchronization performance that at least UEs in 144 dB and 154 dB coverage do not need to detect NPSS/NSSS before WUS.
Proposal 2: eNB configures the number of WUS associated to one PO in a DRX cycle from the set {1, 2, 4, 8}.
Proposal 3: The list of values of configured maximum duration of WUS is  valid subframes.
Proposal 4: Confirm the working assumption that WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.
Proposal 5: 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 6: The non-zero gap is defined as an absolute number of subframes.
Proposal 7: The exact value of the non-zero gap from WUS to the associated PO needs to be determined by taking UE’s processing capability into consideration.

Observation 1: From the physical layer’s viewpoint, it is beneficial if the WUS can be configured to apply to a sub-group of UEs associated to a PO, and it is feasible to do so for higher layers.
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