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In RAN2 #101bis meeting [1], the agreements on WUS configuration are listed as followed. 
	Agreements:
WUS is an optional UE capability signalled in the RRC RadioPagingInfo(-NB).
WUS configuration info is broadcasted in IE RadioResourceConfigCommonSIB(-NB) in SIB2(-NB). 
At least some configuration is also per-carrier configuration in SIB22.
· FFS if certain carriers can be enabled/disabled
When the UE supports WUS and WUS configuration info is broadcasted, then WUS is used to indicate that the UE shall attempt to receive paging in that cell
If UE detects WUS the UE shall monitor the following N PO(s) (N≥1), unless paged.
Working assumption:
RAN2 assume paging operation in MME is not impacted.



Also in RAN1 #92bis [2], the related agreements are made.
	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 subfames 
· 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 further discuss the operations on WUS time configuration. 
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Non-zero gap 
In RAN1, it was agreed that there is a gap, at least 10 valid subframes, between the end of configured maximum WUS duration and the first associated PO. The gap is needed for devices to perform WUS post processing and to prepare receiver’s hardware/software for NPDCCH decoding in the following PO. As discussed in RAN1, the gap is UE receiver architecture dependent and different UE may need different gap value for processing and preparation. Thus, UE should indicate the desired gap value to the network. In last RAN2 meeting, it was agreed that WUS is an optional UE capability and it should be signalled in the UE-RadioPagingInfo-NB. If a UE indicates its support of WUS, the desired gap value should also be indicated in the UE-RadioPagingInfo-NB as part of UE WUS capability. 
Observation #1: The gap between the end of configured maximum WUS duration and the first associated PO is UE receiver implementation depended. 
Proposal #1: If a UE supports WUS, it should indicate to the network the desired gap between the end of configured maximum WUS duration and the first associated PO in the UE-RadioPagingInfo-NB as part of UE WUS capability. 
WUS time configuration and transmission 
A WUS capable UE indicates its WUS support and the desired gap value in UE-RadioPagingInfo in UE capability to eNB. The UE capability information can be transmitted by the eNB to the MME as part of UERadioPagingInformation-NB over S1-AP and stored in the UE context. 
A WUS capable eNB should broadcast the cell specific WUS configuration in the system information in RadioResourceConfigCommonSIB(-NB) in SIB2(-NB) as agreed in [2]. It is preferable that the eNB can support gap values indicated in UE capability.
1.1.1  Limited set of gap values
Since the gap value should be indicated by UE and explicitly or implicitly broadcasted in the system information by eNB, a limited set of gap values that satisfy most UE-specific implementations to guarantee correct operations in the UE needs to be specified. In RAN1 #92bis, it was agreed that the gap value is an absolute number of subfames. As analyzed in [3], the minimum non-zero gap duration is 40 ms (i.e., 40 subframes) on anchor carrier and 10 ms (i.e., 10 subframes) on non-anchor carrier. FFS on the other possible values.
Observation #2: A limited set of gap values needs to be specified that satisfy most UE-specific implementation to guarantee correct operations in the UE. 
Proposal #2: The minimum non-zero gap duration is 40 subframes on anchor carrier and 10 subframes on non-anchor carrier - FFS on the other possible values.
1.1.2  WUS time conditions
The cell specific WUS configuration should at least indicate the starting transmission location of WUS and the repetitions of WUS. In addition, the WUS configuration should take into account the desired gap value reported by UEs such that the gap between the end of configured maximum WUS duration and the first associated PO should be larger than or equal to the UE desired gap value. Figure 1 shows the WUS configuration and transmission. The WUS configuration should satisfy the following equations,
	TPO_start – TWUS_end >= Ggap  
	(1)

	TWUS_end = TWUS_start + RWUS_rep
	(2)




Figure 1: WUS configuration 
1.1.3  WUS collision handling
WUS transmission in the non-anchor carrier may be easier to satisfy the transmission condition. However, in the anchor carrier, the NPSS/NSSS/NPBCH/SIB1-NB should be transmitted periodically. When the WUS transmission collides with subframes carrying NPSS/NSSS/NPBCH/SIB1-NB, i.e., invalid subframes, WUS should be postponed to the next valid subframe, as illustrated in Figure 2. Thus, 
	TWUS_end = TWUS_start + RWUS_rep + Tpostpone
	(3)


It is eNB’s responsibility to schedule the start of WUS transmission in advance to make sure that the gap between the end of WUS transmission and the first associated PO is still satisfied the (explicitly or implicitly indicated) cell specific gap value, i.e., Equation (1) should be satisfied. 


Figure 2: WUS configuration considering invalid subframe
[bookmark: OLE_LINK1]Proposal #3: When WUS transmission collides with invalid subframes, WUS transmission should be postponed. It is eNB’s responsibility to schedule the start of WUS transmission in advance to make sure that the gap between the end of WUS transmission and the first associated PO is still satisfied the (explicitly or implicitly indicated) cell specific gap value. 
1.1.4  WUS transmission 
In [4], if paging configuration for non-anchor carrier is provided in system information, then the paging carrier is determined by the paging carrier with smallest index n (0 ≤ n ≤ Nn-1) fulfilling the following equation:
	floor(UE_ID/(N*Ns)) mod W < W(0) + W(1) + … + W(n)
	(4)


· W(i): Weight for NB-IoT paging carrier i.
· W: Total weight of all NB-IoT paging carriers, i.e. W = W(0) + W(1) + … + W(Nn-1).
Since the paging carrier and PO are determined by rules, it is possible that WUS capable UEs and non WUS capable UEs are associated to a same PO in a same carrier. WUS is a RAN feature. If WUS is linked to a group of UEs containing WUS-capable and non-WUS capable UEs, adding functionality in the eNB to determine the paging of non-capable WUS in associated POs will unnecessarily increase complexity. A simple solution is that the eNB can configure WUS only for a group of UEs that support WUS. This avoids the scenario where WUS is unnecessarily transmitted when only non-WUS capable UE is paged.  
Thus, if an eNB broadcasts the WUS configuration in system information and the WUS transmission is enabled in a carrier, then a WUS capable UE camped on that carrier should attempt to detect WUS before its PO according to the cell specific WUS configuration.  
Once any WUS capable UE associated to the same PO has been paged, MME sends the paging request together with UE-RadioPagingInfo IE to eNB. Then eNB should transmit the WUS prior the PO. WUS capable UEs associated to the PO detect WUS and need to continue to decode the NPDCCH for the paging message. 
Proposal #4:  The eNB can configure WUS only for a group of UEs that support WUS.
1.1.5  WUS per carrier configuration 
Regarding the FFS on per-carrier configuration, 
· At least some configuration is also per-carrier configuration in SIB22.
· FFS if certain carriers can be enabled/disabled
To consider the different carrier loading, e.g., the anchor carrier should convey NPSS/NSSS/NPBCH/NB-SIB1,  and the WUS resource overhead, and also to consider the cases that there may be no WUS capable UEs camped in a certain carrier, the per-carrier configuration on enabled/disabled WUS transmission should be supported.
Proposal #5: The per-carrier configuration on enabled/disabled WUS transmission should be supported, which is indicated in SIB22. 
1.1.6  UE dedicated WUS configuration
In addition to the cell specific configuration on WUS, the UE dedicated configuration on enabled/disabled WUS detection is considered beneficial. From the analysis in [5], the WUS power consumption reduction gains depend on NB-IoT deployment and coverage conditions experienced at the idle paging UE. For UEs in good coverage, the power saving gain of WUS is very limited. The network may disable the WUS detection for these UEs even if those are WUS capable UEs. On the other hand, UEs in the extreme coverage benefit from WUS; the network should enable their WUS detection. It is advantageous for the network to be able to configure UE specific enabled/disabled WUS detection through dedicated RRC signaling. 
Proposal #6: The UE dedicated configuration on enabled/disabled WUS detection should be supported, which is indicated by dedicated RRC signaling. 
1.1.7  Fall-back  
In general, the cell specific WUS configuration should make most of the WUS capable UEs operated correctly. There may be a case where the network configured gap value is smaller than the UE desired gap value as indicated in UE WUS capability. For example, a UE in the extreme coverage indicates the need of 40 subframes preparation time on the anchor carrier for PDCCH decoding after WUS detection to achieve optimum receiver performance, but the system configures 10 subframes gap in between. In this case, UE may skip the WUS detection and (by current mechanism) detect PDCCH in each PO instead. This is up to the UE implementation.
[bookmark: _GoBack]Proposal #7: If the cell specific WUS configuration cannot satisfy UE’s gap requirement, it is up to UE implementation on skipping WUS and detecting PDCCH in each PO. 
Conclusion
We discuss the WUS time configuration in this tdoc. We have the following observations:

Observation #1: The gap between the end of configured maximum WUS duration and the first associated PO is UE receiver implementation depended. 
Observation #2: A limited set of gap values needs to be specified that satisfy most UE-specific implementation to guarantee correct operations in the UE. 
It is proposed to discuss and decide on the following proposals:

Proposal #1: If a UE supports WUS, it should indicate to the network the desired gap between the end of configured maximum WUS duration and the first associated PO in the UE-RadioPagingInfo-NB as part of UE WUS capability. 
Proposal #2: The minimum non-zero gap duration is 40 subframes on anchor carrier and 10 subframes on non-anchor carrier - FFS on the other possible values.
Proposal #3: When WUS transmission collides with invalid subframes, WUS transmission should be postponed. It is eNB’s responsibility to schedule the start of WUS transmission in advance to make sure that the gap between the end of WUS transmission and the first associated PO is still satisfied the (explicitly or implicitly indicated) cell specific gap value. 
Proposal #4:  The eNB can configure WUS only for a group of UEs that support WUS.
Proposal #5: The per-carrier configuration on enabled/disabled WUS transmission should be supported, which is indicated in SIB22. 
Proposal #6: The UE dedicated configuration on enabled/disabled WUS detection should be supported, which is indicated by dedicated RRC signaling. 
Proposal #7: If the cell specific WUS configuration cannot satisfy UE’s gap requirement, it is up to UE implementation on skipping WUS and detecting PDCCH in each PO. 
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