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1. Introduction
In  RAN1 #91 the following was agreed [1]: 
Agreements:
· 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
· The [maximum] duration of WUS is configured per NB-IoT carrier 
· FFS: WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
· Alt 1: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS.
· Alt 2: The actual WUS duration is transmitted aligning to the end of the configured maximum duration of WUS.
· 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

Agreement
· The network can enable or disable use of the WUS 
· How UE acquires information on WUS enabling/disabling is up to RAN2 decision

In this contribution, we further discuss the remaining issues of WUS resource configuration, especially on how to configure the max WUS duration, how long the UE need to monitor the WUS for early termination, whether to align WUS starting point or ending point, and the gap between the end of WUS duration and associated PO, etc.. The discussion of other aspects includes one WUS for single/multiple POs, the WUS for UEs/UE grouping as well.

2. WUS resource configuration
2.1. WUS duration configuration
For idle mode paging, the UE monitors a set of repetitions for NPDCCH. It makes sense that the length of the WUS should be scaled according to the actual NPDCCH transmission duration. Each wakeup resource could be determined based on the maximum number of repetitions for NPDCCH. The maximum duration of WUS (Wmax) per NB-IoT carrier could be explicitly indicated in SIB or implicitly calculated based on the parameter Rmax (max NPDCCH repetition number).
[bookmark: _GoBack]On the other hand, the WUS and NPDCCH may have different transmission schemes. For example, the WUS per NB carrier may use power boosting; or, WUS is sent using different transmission diversity scheme, which has huge impact on WUS detection performance (e.g., diversity dimensions), as discussed in our parallel contribution [5]. If we allow the WUS to have some-level sync function (e.g., detected with frequency error), the WUS duration could be slightly longer than that of sync purely based on legacy signals. 
[bookmark: _Hlk506489316]In summary, the Wmax and Rmax is scaled but the scaling factor may not be fixed but depending on many factors, such as WUS transmit power boosting, transmission diversity, whether sync function for WUS per NB carrier. For illustration,  with different  in Table 1. We could indicate  explicitly or implicitly by using the related information of power boosting, transmission diversity, etc.. 
[bookmark: _Hlk506489355]Table 1 Wmax and Rmax
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	1
	1
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	2
	2
	1
	1
	1
	1
	1
	1
	1

	4
	4
	2
	1
	1
	1
	1
	1
	1

	8
	8
	4
	2
	1
	1
	1
	1
	1

	16
	16
	8
	4
	2
	1
	1
	1
	1

	32
	32
	16
	8
	4
	2
	1
	1
	1

	64
	64
	32
	16
	8
	4
	2
	1
	1

	128
	128
	64
	32
	16
	8
	4
	2
	1

	256
	-
	128
	64
	32
	16
	8
	4
	2

	512
	-
	-
	128
	64
	32
	16
	8
	4

	1024
	-
	-
	-
	128
	64
	32
	16
	8

	2048
	-
	-
	-
	-
	128
	64
	32
	16

	Scaling factor KW
	1
	2
	4
	8
	16
	32
	64
	128



[bookmark: _Hlk506486504]Proposal 1: The WUS duration is configurable, determined at least based on the maximum number of repetitions for NPDCCH and the WUS transmission scheme (e.g., transmit diversity, power boosting, etc.). 
The eNB may send WUS with actual transmission duration shorter than configured maximum duration when the targeting UEs/UE groups are in good coverage. From respective UE point of view, the UE could early terminate its WUS detection, e.g. if in better coverage, it may not need to monitor the entire WUS. It is similar to the NPDCCH detection, where the UE could estimate how long needs to accumulate the detected signals to meet a certain detection probability based on the measured signal quality (e.g., SNR from the NRS/CRS). It is similar to the NPDCCH early termination. The UE-required NPDCCH repetition number R could be smaller than Rmax and the candidate R for each Rmax are defined in TS36.213. In a similar way, we could derive that for the actual detected WUS length  and Wmax as  .
Proposal 2: The WUS actual transmission duration can be shorter than the configured maximum duration of WUS. The UE could early terminate the WUS detection by meeting a certain detection probability based on the measured signal quality (e.g., SNR from the NRS/CRS). 

2.2. WUS alignment at starting or ending point
One of the remaining issues is whether to indicate the starting point of the ending point of WUS.
· Alt 1: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS.
 UE behavior: [WUS detection][micro sleep][warmup][NPDCCH decoding]

· Alt 2: The actual WUS duration is transmitted aligning to the end of the configured maximum duration of WUS.
 UE behavior: [deep sleep….. ][WUS detection][warmup][NPDCCH decoding]
The motivation of Alt2 is to save more power by allowing UE sleep longer before the WUS detection.  However, if UE miss WUS detection in the estimated duration of W<Wmax (due to SNR error or stronger interference), Alt1 still have chance to continue detection until Wmax. Therefore, to inform the starting point of WUS transmission is straightforward to reduce the risk of miss detection. 
Propose 3: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS. The starting of WUS duration is indicated in SIB.

2.3. Gap between the end of WUS duration and associated PO 
RAN1 has agreed:
· 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

[image: ]
Figure 1: Gap between the end of WUS duration and associated PO
[bookmark: _Hlk506489629]The required time between the end of WUS duration and associated PO may heavily depend on the UE architecture [4]. Even if using same receiver to detect legacy synchronization signal and WUS, a UE may require different processing time after waking up from deep sleep or light sleep mode. For example, as sown in Figure 1, for eDRX after deep sleep, the longer processing time may be required, e.g., as long as 1s~2s, to load/update the full image. For DRX with light sleep, the UE receiver would have full image handy on chip’s memory so that shorter gap, e.g., 10ms~100ms may be sufficient. Therefore, the gap should be configured based on the UE capability of the required minimum processing time in different DRX/eDRX scenarios. 
To accommodate flexible UE architecture, the eNB requires the reporting of the UE capability related to the WUS reception, including the required processing time between the end of WUS duration and associated PO [4]. With the knowledge of the reported minimum processing time, the UE could be configured with a WUS starting point early enough to detect the NPDCCH with a gap after the WUS no less than the min processing time. Note that, the gap is not necessary to be indicated explicitly. With the knowledge of WUS starting point and duration, the non-zero gap is derived by UE implicitly. But to accommodate different gap for DRX/eDRX scenarios, the starting point could be signalled separately for DRX/eDRX UEs.  
Proposal 4: The gap between the end of WUS duration and associated PO is configured based on the UE capability of processing time but may be implicitly known from the configured WUS starting point and duration.

2.4. WUS for all UEs/UE-groups 
In [2], we have discussed the potential gain using WUS/DTX with UE grouping. 

[image: ]
Figure 2: WUS/DTX for all UEs/UE groups
In Figure 2, the WUS/DTX for all UEs and WUS/DTX for more than one UE group are illustrated. RAN 2 has reached to the following conclusions for NB-IoT and eMTC [3]:
From RAN2 perspective, it is feasible to configure the WUS to be applied to a group of UEs associated to one PO. It should be noted that some companies have raised concerns about the benefit and added complexity.

Considering the tradeoff between the achievable gain and overhead, up to 4 UE groups is sufficient. At least, we should allow the flexible configuration of the number of UE groups, e.g., based on the parameters, such as the paging probability, the total number of UEs, the number of narrow bands for paging, etc. The total number of UE groups could be broadcast in SIB. The UE group ID could be implicitly derived, e.g., based on UE ID, the number of UE groups, etc.. How to decide the number of UE groups and how to define UE group ID is up to the RAN2 discussion.

Proposal 5: Support flexible WUS configuration for all UEs/UE groups.

2.5. WUS Occasion
We propose that a group of WUS resource occasions is configured with a certain periodicity. In each occasion, there are one or more WUS resources configured. UE determines the WUS resource to monitor based on UE group ID/Rmax etc. The WUS indicates the presence or absence of NPDCCH for a group of subframes. For example, in Figure 3, the WUS resources shown in a particular colour indicate the presence / absence of NPDCCH on subframes of the same colour.  
The motivation for having multiple WUS resources per occasion is as follows. If the paging probability system wide itself is very low (e.g. only 1 occasion out of 10 have any paging present), we can just configure one WUS resource in each occasion. All UEs would wake up in the occasion if any UE got paged. However, since this is infrequent UE would still save power. On the other hand, if every occasion has at least one UE being paged, with just one WUS resource in each occasion, all UEs will be on all the time – no power saving (actually extra power consumed for WUS resource monitoring). It is hence important to split UEs into different WUS resources.
Another advantage of grouping WUS into occasions is that it can alleviate fragmentation issue. With WUSR occasions at certain periodicity, it would be guaranteed that WUSR would not cause further fragmentation to the medium. For NB-IOT, due to the need for repetition (Rmax) for deep coverage UEs, contiguous transmission is often needed and fragmentation should be minimized for scheduling efficiency. Typically, WUS occasion periodicity cannot be too small and the additional latency should be acceptable because idle mode paging is usually not extremely time-critical.



Figure 3: Configuration of wake-up signal resource

Proposal 6: WUS resource occasions are configured with certain periodicity, at least for idle mode paging. In each occasion, multiple WUS resources can be configured which all correspond to the same set of subframes. Different UEs may monitor different WUS resources within the same occasion.

2.6. WUS for one PO or more than one PO

In last meeting, we have already agreed that at least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle. But for eDRX case, it is FFS whether we allow one WUS per more than one PO. Compared with DRX only, UEs using eDRX typically means these UEs have looser requirements for reachability but tighter requirement to reduce power consumption. For eDRX, it is reasonable to associate one WUS with 2 or more POs during the PTW to maximize benefit of WUS for power sensitive UEs. If the UE does not receive WUS, it can go back to sleep and skip monitoring the POs associated with the WUS. As illustrated in Figure 4, the number of DRXs associated with one WUS in a PTW is depending on the PTW length and the DRX cycle. In NB-IoT, the maximum PTW can be up to 40.96 seconds hence 4 WUSs leads to one WUS associated with DRXs spanning 10.24seconds. Only configuring one WUS per PO unnecessarily consumes more power.
The RRM measurement could also be associated with WUS configuration for the power-sensitive UEs. As we discussed in [4], the UE could be configured to do RRM measurement per WUS occasion or per several DRX cycles instead of every DRX cycle. A special case is that for eDRX, the UEs could be configured to do RRM measurements once per PTW instead of every PO in the PTW.


[image: ]
Figure 4: Configuration of wake-up signal resource

Proposal 7: Allow one WUS applying to more than one PO in a PTW for eDRX case.

3. Summary
The proposals made in this contribution are summarized below.
Proposal 1: The WUS duration is determined at least based on the maximum number of repetitions for NPDCCH and the WUS transmission scheme (e.g., transmit diversity, power boosting, etc.). 
Proposal 2: The WUS actual transmission duration can be shorter than the configured maximum duration of WUS. The UE could early terminate the WUS detection by meeting a certain detection probability based on the measured signal quality (e.g., SNR from the NRS/CRS). 
Propose 3: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS. The starting of WUS duration is indicated in SIB.

Proposal 4: The gap between the end of WUS duration and associated PO is configured based on the UE capability of processing time but may be implicitly known from the configured WUS starting point and duration.
Proposal 5: Support flexible WUS configuration for all UEs/UE groups.
Proposal 6: WUS resource occasions are configured with certain periodicity, at least for idle mode paging. In each occasion, multiple WUS resources can be configured which all correspond to the same set of subframes. Different UEs may monitor different WUS resources within the same occasion.
Proposal 7: Allow one WUS applying to more than one PO in a PTW for eDRX case.
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