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In RAN1#93, following agreements were confirmed.
	Agreement
For UE capability:
· The UE reports one capability for "minimum gap between WUS and associated PO" for eDRX, selected among {Y1, Y2, …, YN}.
· {Y1, Y2, …, YN}={40ms, 240ms, 1s, 2s}.
· There is no UE capability reporting for “minimum gap between WUS and associated PO” for DRX (i.e, the minimum gap is fixed in specification).
· The “minimum gap between WUS and associated PO” is fixed as 40ms.

Agreement
For eNB configuration: 
· For DRX, a gap duration is configured with a value range of {40ms, 80ms, 160ms, 240ms}.
· For eDRX, a short gap is configured with a value range of {40ms, 80ms, 160ms, 240ms} and another longer gap can be optionally configured with a value range of {1s, 2s}.
· The short gap can be same or larger than the gap configured for DRX.

Agreement
· For eDRX, if a short gap (G1) and a longer gap (G2) are both configured, and the configured gap (G1 for Case 1 and G2 for Case2) is the same as “minimum gap between WUS and associated PO” reported by UE
	UE reported one capability of “minimum gap between WUS and associated PO”
	UE expects the WUS with G1
	UE expects the WUS with G2

	Case 1: {40ms or 240ms}
	Y
	N

	Case 2: {1s or 2s}
	N
	Y


· If the configured gap (G1 for Case 1 and G2 for Case2) is other than the UE reported capability of “minimum gap between WUS and associated PO”,
· Case A: if the configured gap is larger than the UE reported capability of “minimum gap between WUS and associated PO”, UE monitors WUS with the configured larger gap 
· UE could wait until the end of the configured gap to detect paging.
· Case B: if the configured gap is smaller than the UE reported capability of “minimum gap between WUS and associated PO”, UE does not monitor WUS with the configured long gap for eDRX and uses short gap to monitor WUS with the configured short gap.

Agreement
MTC WUS is 2 PRB WUS with the NB-IoT WUS repeated.

Agreement
One of {0, 2, 4} is signalled for the lowest PRB location of WUS in SI.
· 



According to RAN1 agreement, UE should be able to use the short and long gap between WUS and associated PO configured by the upper layers correctly and calculate the starting subframe of WUS corresponding to the associated PO. Currently it is not explained in TS 36.304. In this contribution, we provide the details on it and text proposal for TS 36.304 for the calculation of the starting subframe of WUS occasion.
[bookmark: Proposal_Pattern_Length]Discussion
Max WUS duration
According to RAN1 agreement [1], UE is configured with WUS duration to indicate UE for how long UE should monitor the WUS. This duration is expressed as a ratio of Rmax associated with Type 1-CSS configured for monitoring the legacy paging message. The maximum duration UE takes to complete WUS monitoring includes the configured WUS duration and any subframe where WUS is postponed. For example, if (N)PSS or (N)SSS subframe collides with the WUS subframe, it is postponed. Also, if a subframe is configured as invalid DL subframe for PDCCH, it is postponed. This indicates that the actual maximum WUS duration can be longer than the WUS duration configured by the upper layers and the UE needs to calculate it to determine the starting subframe of WUS. However, if WUS subframe collides with the subframe where system information is broadcast, it is dropped and does not extend the WUS duration.
[bookmark: _Toc521488084][bookmark: _Toc521535163][bookmark: _Toc521578531][bookmark: _Toc521606518] The actual maximum WUS duration can be longer than the WUS duration configured by the upper layers and UE needs to calculate it to determine the starting subframe of WUS.
[bookmark: _Toc521488085][bookmark: _Toc521535164][bookmark: _Toc521578532][bookmark: _Toc521606519]If WUS subframe collides with the subframe where system information is broadcast, it is dropped and the WUS duration is not extended.
Gap between WUS and the associated PO
It was agreed that a UE supporting WUS shall support the minimum gap from the end of the maximum WUS duration to the associated PO which is 40ms. This is not reported as UE capability. The network configures the value of this gap via SIB2. However, when UE is configured with eDRX, network configures a short gap from the end of the maximum WUS duration to the associated PO. It can also optionally configure a long gap from the end of the maximum WUS duration to the associated PO for UEs taking long time to fully wake up to monitor the legacy PO. Whether to use short or long gap is decided based on the UE’s capability on the gap. If eDRX is supported, UE also reports its capability on the gap. Therefore, it is important to clarify the use of short and long gap such that UE and network use the same value of gap to correctly calculate the starting subframe of the WUS.
[bookmark: _Toc521488086][bookmark: _Toc521535165][bookmark: _Toc521578533][bookmark: _Toc521606520]When short gap and long gap from the end of the maximum WUS duration to the associated PO are configured, it is important to clarify the use of short and long gap such that UE and network uses the same value of gap to correctly calculate the starting subframe of the WUS.
From the observations above, it is understood that calculation of the starting subframe of WUS occasion depends on the WUS duration, gap between WUS and the associated PO and the PO subframe. A clarification on the calculation is needed in TS 36.304 as it provides the calculation of PF and PO. The calculation of the starting subframe of WUS occasion can be done in a similar way to the calculation of paging frame and paging occasion for paging DRX cycle and eDRX cycle using the WUS parameters configured by the upper layers. The text proposal to TS 36.304 is provided in Annex.
[bookmark: _Toc521489376][bookmark: _Toc521535170][bookmark: _Toc521578534][bookmark: _Toc521606521]The calculation of the starting subframe of WUS occasion is done using the WUS parameters configured by the upper layers in a similar way to the calculation of paging frame and paging occasion for paging DRX cycle and eDRX cycle. The text proposal to TS 36.304 is provided in Annex.
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Based on the above discussion, we have following observations:
Observation 1 The actual maximum WUS duration can be longer than the WUS duration configured by the upper layers and UE needs to calculate it to determine the starting subframe of WUS.
Observation 2 If WUS subframe collides with the subframe where system information is broadcast, it is dropped and the WUS duration is not extended.
Observation 3 When short gap and long gap from the end of the maximum WUS duration to the associated PO are configured, it is important to clarify the use of short and long gap such that UE and network uses the same value of gap to correctly calculate the starting subframe of the WUS.
Based on the observations and discussion, we propose:
Proposal 1.	The calculation of the starting subframe of WUS occasion is done using the WUS parameters configured by the upper layers in a similar way to the calculation of paging frame and paging occasion for paging DRX cycle and eDRX cycle. The text proposal to TS 36.304 is provided in Annex.
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Annex: Text Proposal 36.304
7.4	Paging with Wake Up Signal
When the UE supports WUS and WUS configuration is provided in system information, the UE shall monitor WUS using the WUS parameters provided in System Information. When DRX is used and the UE detects WUS the UE shall monitor the following PO. When extended DRX is used and the UE detects WUS the UE shall monitor the following numPOs or until a paging message is received, whichever is earlier. If the UE does not detect WUS the UE is not required to monitor the following PO(s).
-	numPOs = Number of consecutive Paging Occasions (PO) mapped to one WUS provided in system information where (numPOs≥1).
The WUS starting subframe (WUSsubframe) where UE starts monitoring WUS and WUS starting radio frame (WUSSFN) are determined as follows.
 (WUSSFN*10 +WUSsubframe + 1 + LWUSmax + Loffset) mod 10240 = PF*10 + POsubframe
Where PF is legacy paging frame and POsubframe is legacy paging occasion as specified in subclause 7.1.
If eDRX is configured, WUS hyperframe (WUSH-SFN) is determined as follows.
If PF*10 + POsubframe > LWUSmax + Loffset, WUSH-SFN = PH, otherwise WUSH-SFN = PH – 1 for PH > 0 and WUSH-SFN = 1023 for PH = 0.
Where PH is legacy Paging Hyperframe. In this case, the first associated PO from a group of numPOs is the immediate PO at or after the PTW_start.
Following parameters are used for the calculations of WUS starting subframe.
LWUSmax: maximum duration of WUS monitoring. This includes total LWUS DL subframes, and any subframe that is postponed due to collision with PSS and SSS or due to invalid subframe.
LWUS: maximum WUS duration configured by the upper layers. For NB-IoT, this includes NB-IoT DL subframes and subframes #4 carrying systemInformationBlockType1-NB.
[bookmark: _GoBack]Loffset: non-zero gap from the end of the duration of WUS to the associated PO configured by the upper layers. The minimum value is 40. If UE is configured with eDRX and reported minimum gap Gmin_eDRX capability is less than 1000ms, then Loffset is equal to the short non-zero gap Gshort configured by the upper layers. If the reported minimum gap Gmin_eDRX capability is not less than 1000ms, the Loffset is equal to Glong , if Glong is configured by the upper layers, otherwise it is equal to Gshort.
Gmin_eDRX: UE’s reported capability on gap from the end of the duration of WUS to associated PO when eDRX is configured by the upper layers.
Gshort: short non-zero gap from the end of the duration of WUS to associated PO configured by the upper layers to be used when eDRX is configured.
Glong: long non-zero gap from the end of the duration of WUS to associated PO optionally configured by the upper layers to be used when eDRX is configured.

