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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#92bis [1], the following agreements were made with respect to the configurations and procedures of power saving signal.
Agreement
· Confirm the following 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
· 3 bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS
Agreement
· The gap between the end of configured maximum WUS duration and the first associated PO is equal or larger than the minimum value which is implicitly or explicitly configured and is an absolute number of subframes 
· There are at least 10 valid subframes between the end of configured maximum WUS duration and the first associated PO.
· FFS: whether to define UE capability for wake-up time 
Agreement
· WUS is postponed in subframes that are not NB-IoT DL subframes and is not transmitted [FFS dropped/postponed] in the subframes that carries SIs other than SIB1.
· Note: “Postpone” means the corresponding subframes are not counted as configured maximum WUS transmission duration and actual WUS transmission duration.
· Note: This does not imply that the minimum gap between the end of actual WUS duration and the first associated PO is reduced

In this paper, we provide some further considerations on the resource configuration of the power saving signal.
[bookmark: _Ref497933232][bookmark: _Ref129681832]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 [5], 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. The formula to determine the UE group ID is up to RAN2’s discussion.
Proposal 1: eNB configures the number of WUS associated to one PO in a DRX cycle from the set {1, 2, 4, 8}.
[bookmark: _Ref498609428][bookmark: _Ref509511666]Maximum duration of WUS
In RAN1#92bis [1], it has been agreed that 3 bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS, and the exact values of the scaling factors are FFS.
Let and  denote the configured maximum duration of WUS and the scaling factor, respectively. Then we have . For the purpose of power saving, the duration of WUS shall be smaller than NPDCCH. Therefore, we propose that .
Proposal 2: The list of values of configured maximum duration of WUS is  subframes.
Postpone or drop when WUS overlaps with other SIBs.
In RAN1#92bis [1], it has been agreed that WUS is postponed in subframes that are not NB-IoT DL subframes and is not transmitted [FFS dropped/postponed] in the subframes that carries SIs other than SIB1.
In this section, we analyze the drawbacks of adopting dropping or postponing, and propose a solution which can achieve a better tradeoff between UE power consumption and the number of subframes available for WUS transmission.
For the transmission of SIs other than SIB1-NB, one TB occupies 2 or 8 consecutive NB-IoT DL subframes. The repetition pattern within the SI window is every {2, 4, 8, 16} radio frames.
When the SI message transmission is dense in time domain, such as when one TB occupies 8 consecutive NB-IoT DL subframes and the repetition pattern within the SI window is every 16 radio frame, it becomes necessary to check the available resources for WUS. Figure 1 is an illustration of adopting dropping or postponing under such configuration, where the configured maximum duration of WUS is 10 subframes and the WUS transmission is assumed to start at the beginning of SFN#1. In Figure 1, the 10 potential subframes for WUS are those not containing NPSS, NSSS, NPBCH and SIB1-NB. They extend through the first 14 subframes, if dropping is assumed which means that subframes which actually contain other-SI are counted in the 10 subframes. In Figure 1(b), since WUS is postponed around other-SI, only the white subframes are counted, and to reach 10 WUS subframes take a total of 27 subframes.

Figure 1 Illustration of adopting dropping or postponing

As Figure 1(a) shows, when adopting dropping under such configuration, the number of subframes available for WUS transmission within the maximum UE Rx window is just 2. As a result, the WUS is only applicable for UEs in good coverage. Moreover, it can be figured out that if the configured maximum duration of WUS is less than 8 and dropping is assumed in Figure 1, then all the potential WUS subframes actually contain other-SI, and WUS is dropped completely.
Observation 2: If WUS is dropped in the subframes that carry SIs other than SIB1-NB, then in some situations, such as when the SI message is dense in time domain, the number of subframes available for WUS transmission within the maximum UE Rx window might be too small. As a result, the WUS is only applicable for UEs in good coverage.
It is therefore desirable to have WUS transmissions postponed to guarantee sufficient number of subframes available for WUS transmission. In general, postponement is a better solution than dropping, but it has a resource consumption problem and UE awake-time problem. For example, as Figure 1 shows, when adopting dropping and postponing under such configuration, the maximum UE Rx window size is 14 and 27 subframes, respectively. As a result, the UE power consumption under postponing will be increased too much compared to that under dropping.
Observation 3: If WUS is postponed in the subframes that carry SIs other than SIB1-NB, then in some situations, such as when the SI message is dense in time domain, the maximum UE Rx window size will be increased. As a result, the UE power consumption will be increased.
Furthermore, based on network’s configuration, the distribution of SIs before each PO is different. Before some POs, the number of subframes that carry SIs other than SIB1-NB might be large, so adopting dropping might suitable for those POs to avoid increasing the UE power consumption too much. While before some other POs, the number of subframes that carry SIs other than SIB1-NB might be small, so adopting postponing might be suitable for those POs to guarantee sufficient number of subframes available for WUS transmission. In general, adopting only dropping or postponing for all the POs is inflexible, leading to less efficient tradeoff between UE power consumption and the number of subframes available for WUS transmission.
Observation 4: The number of subframes that carry SIs other than SIB1-NB before each PO is variable. So adopting only dropping or postponing for all POs is inflexible, leading to less efficient tradeoff between UE power consumption and the number of subframes available for WUS transmission.
To cope with the issues above, as illustrated in Figure 2, we propose to adopt postponing only up to an upper bound of subframes, denoted as Tpostpone. And when WUS overlaps with subframes after the first Tpostpone subframes that carry SIs other than SIB1-NB, then WUS is dropped for the rest of its transmission.

Figure 2 Illustration of the proposed solution (limited postponement)

Having postponement only to a certain extent has two main advantages:
· By postponing only Tpostpone subframes, it balances between increasing the UE active time and shortening the number of transmitted WUS subframes to avoid high resource consumption by WUS.
· It adjust the number of subframes available for WUS transmission on a per-PO basis, which is flexible.
Table 1 summarizes the three alternatives in Figure 1 and Figure 2. Compared with dropping, limited postponement can increase the number of subframes available for WUS transmission by 200%, whilst increasing maximum UE Rx window size by only 36%. Compared with full postponement, it can decrease the UE Rx window size by 30%, which is beneficial in terms of UE power consumption.
Table 1 Comparison of dropping, postponing, and the proposed solution
	Alt.
	Maximum UE Rx window for WUS
	Number of subframes available for WUS transmission within the window

	Drop
	14
	2

	Postpone
	27
	10

	Limited postponement
	19
	6



Proposal 3: Adopt postponing when WUS overlaps with the first Tpostpone subframes that carry SIs other than SIB1-NB, then adopt dropping, where Tpostpone is a predefined threshold.
Proposal 4: The predefined threshold  is configured in SIB or fixed in specification.
Time location of WUS
In RAN1#90bis [3], 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 before decoding NPDCCH after detecting WUS, it was agreed in RAN1#92bis [1] that the gap between the end of configured maximum WUS duration and the first associated PO is equal or larger than the minimum value which is implicitly or explicitly configured and is an absolute number of subframes, as Figure 3 shows. There are at least 10 valid subframes between the end of configured maximum WUS duration and the first associated PO. And it is FFS whether to define UE capability for wake-up time.

[bookmark: _Ref504840435]Figure 3: Illustration of the timing location of WUS.

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. A larger gap can enable scheduling another data transmission within the gap, and could allow more relaxed UE implementations in the early stages of deployment of the feature. On the other hand, a smaller gap may reduce the total time the UE is awake and reduce the latency of paging, but may fragment the time resource. 
It is difficult to predict before UE implementations are available what will be the necessary values of wake-up time. As a result, we propose to define in Rel-15 two relatively generous values, one assuming faster wake-up and one assuming slower wake-up, that allow flexible but competitive implementation. The value that is used can be configured per NB-IoT carrier, so that if there are diverse UE implementations, or they become faster over time, the eNB can put slower UEs on one carrier, and faster UEs on another, rather than setting the whole cell to ‘slower’ wake-up. The configuration should also allow for chipset developments in future, with some spare values that can be brought into use in later Releases when hardware has evolved. The UE’s wake-up time capability can be signaled from the same list.
Proposal 6: The value of the gap is configured per NB-IoT carrier from the set {40, 80, spare1, spare2} ms in Rel-15. The spare values are introduced for the purpose of being smaller values in later Releases when UE hardware has evolved to justify them.
As described above, currently two values, i.e., {40, 80} ms, are proposed for Rel-15. Therefore, we propose that Rel-15 UE reports which of the two Rel-15 values it wants to enable better scheduling.
Proposal 7: UE reports a capability of which is the fastest wake-up time value it supports, from the list {40, 80, spare1 spare2} ms.
Note that the values of 40 ms and 80 ms in these proposals can be adjusted according to feedback from chipset vendors.
Others
It is agreed that the configured maximum WUS duration is broadcasted per NB-IoT carrier, and the actual transmitted WUS duration can be smaller than the configured maximum duration. Hence, besides the configured maximum WUS duration, it is necessary to configure a minimum WUS duration also. The actual transmitted WUS duration is expected to be always longer than the configured minimum WUS duration. UEs can determine whether WUS can be used for synchronization on this PO by assuming that the actual WUS is larger than the configured minimum WUS duration.
[image: ]
Figure 4 Illustration of configured minimum WUS duration
[bookmark: _GoBack]Proposal 8: In addition to the configured maximum WUS duration, the minimum WUS duration is also broadcast per NB-IoT carrier.
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: eNB configures the number of WUS associated to one PO in a DRX cycle from the set {1, 2, 4, 8}.
Proposal 2: The list of values of configured maximum duration of WUS is  subframes.
Proposal 3: Adopt postponing when WUS overlaps with the first Tpostpone subframes that carry SIs other than SIB1-NB, then adopt dropping, where Tpostpone is a predefined threshold.
Proposal 4: The predefined threshold  is configured in SIB or fixed in specification.
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).
Proposal6: The value of the gap is configured per NB-IoT carrier from the set {40, 80, spare1, spare2} ms in Rel-15. The spare values are introduced for the purpose of being smaller values in later Releases when UE hardware has evolved to justify them.
Proposal 7: UE reports a capability of which is the fastest wake-up time value it supports, from the list {40, 80, spare1 spare2} ms.
Proposal 8: In addition to the configured maximum WUS duration, the minimum WUS duration is also broadcast per NB-IoT carrier.

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.
Observation 2: If WUS is dropped in the subframes that carry SIs other than SIB1-NB, then in some situations, such as when the SI message is dense in time domain, the number of subframes available for WUS transmission within the maximum UE Rx window might be too small. As a result, the WUS is only applicable for UEs in good coverage.
Observation 3: If WUS is postponed in the subframes that carry SIs other than SIB1-NB, then in some situations, such as when the SI message is dense in time domain, the maximum UE Rx window size will be increased. As a result, the UE power consumption will be increased.
Observation 4: The number of subframes that carry SIs other than SIB1-NB before each PO is variable. So adopting only dropping or postponing for all POs is inflexible, leading to less efficient tradeoff between UE power consumption and the number of subframes available for WUS transmission.
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