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1. Introduction

According to the agreements on Rel-15 WUS, two types of gap can be configured for WUS in eDRX mode as follows: 

	RAN1#93 agreements:
· 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}. 


During the Rel-15 meetings, it was common understanding that long gap capable UE may have separate WUS receiver which can reduce the power consumption of the UE. However current long gap values can cause the blocking issue of paging in some values of DRX cycles (1280ms and 2560ms). In this paper, we discuss the collision problem between paging and WUS for the long gap capable UEs and propose methods to solve it.
2. Discussion
If UE detects WUS, it will try to decode paging NPDCCH at corresponding PO(s). If paging search spaces indicated by the WUS are colliding with following WUS subframes, it is obvious that UE will give up monitoring WUS. Moreover, if paging NPDCCH is actually transmitted, UE should monitor scheduled NPDSCH further instead of WUS. In this case, UE cannot use POs corresponds to the dropped WUS. 
In case of DRX and eDRX with short gap, minimum DRX cycle(=1280ms) is quite larger than maximum configurable gap value(=240ms). Thus collision between WUS subframes and paging search spaces can be easily avoided by paging and WUS configuration. However, in case of eDRX with long gap, WUS subframes can be overlapped with paging search spaces and/or actual NPDCCH/NPDSCH transmissions in most of cases. Figure 1 and Figure 2 in the Appendix shows on example of collision problem between paging and WUS subframes. As shown in these figures, paging search space can collide with WUS subframes for long gap capable UEs when DRX cycle is 1280ms and 2560ms. Note that example in these figures does not reflect the impact of invalid subframe. If there are invalid subframes, collision issue can be more serious. Moreover, length of NPDSCH and/or WUS can be longer than examples in those figures. 

In DRX case, UE can expect WUS in a next PO with the cost of small latency if WUS is dropped by the collision. However, in eDRX case, UE may not be paged until the next eDRX cycle in worst cases. Moreover multiple PO can be indicated by one WUS in eDRX case; if UE cannot monitor one WUS it will miss multiple chance of paging transmissions. 

These collision problems can be avoided by modifying gap values for long gap capable UEs. Simply, if WUS with a longer gap appears right before the preceding PO, that is, if the gap value is slightly larger than DRX cycle value, WUS subframes can easily avoid overlap with the preceding PO. Note that collision issue can occur when DRX cycles are 1280ms and 2560ms. Thus, both 1280ms and 2560ms can be considered as minimum required long gap values.
In another point of view, additional gap between WUS and start of the preceding PO should be considered also. If UE has to monitor preceding PO after WUS detection, minimum 10 valid subframes should be guaranteed after WUS subframes for the channel estimation warm up. In general this additional gap should support various numbers of valid/invalid subframes which can be configured by eNB. Note that short gap for eDRX should satisfy the number of minimum valid subframes as well. Thus, it seems reasonable to use configured short gap as an additional gap values.
Based on discussions above, it would be beneficial to change value range of longer gap as {1280ms+X, 2560ms+X} where X is the configured short gap value for eDRX. This change is required to be captured in TS36.304 which should be corrected by RAN2.
Proposal 1: Change long gap value range for WUS as {1280ms+X, 2560ms+X}, where X is configured short gap value for eDRX.
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Figure 1 Example of collision cases with paging and WUS subframes when DRX cycle=1280ms
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Figure 2 Example of collision cases with paging and WUS subframes when DRX cycle=2560ms
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