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1. Introduction
According to the description of the approved WI [1], one objective is to “Specify necessary signalling and procedure to support the use of existing DRX mechanism to solve coexistence issues”. One important signalling is the TDM pattern provided by the UE since it can help eNB set a final DRX configuration. In the latest TR36.816 [2], one possibility of such TDM pattern consists of:

· Periodicity of the TDM pattern 

· Scheduling period (or unscheduled period)

On the other hand, for LTE+WiFi scenario, TR36.816 [2] specified that “Beacon, power saving and DCF protocols are assumed to be supported by in-device WiFi radio when analyzing the TDM solutions for LTE-WiFi coexistence.” In other words, designing the TDM pattern should also consider the case that the WiFi radio is in power saving mode. Thus, in this contribution, by analyzing the feature of the power saving mode of WiFi radio, the signaling design on TDM pattern is discussed to support the use of existing DRX mechanism. 
2. Power saving mode in IEEE802.11
In current IEEE802.11 products, the power saving (PS) mode [3] has been supported for the efficient energy management on the WiFi node (called STA). Fig. 1 illustrates the basic idea. In the figure, AP transmits beacons with period of BeaconInterval (=102.4ms). However, STA A in PS mode can only receive the selected beacons: 1) beacons with TIMs (traffic indication map) dedicated to STA A (e.g., the red beacons in Fig. 1), which indicate that AP has the unicast data buffered for STA A, and/or 2) beacons with DTIMs (delivery traffic indication message) (e.g., the green beacons in Fig.2), which indicate AP has the broadcast/multicast data for STA A. Moreover, both beacons cannot be transmitted at the same time. After receiving those beacons, the STA will wake up to communicate with AP for certain duration if needed. Obviously, the instants of transmitting the selected beacons indicate the wakeup instants of STA, which are determined by two system parameters (i.e., ListenInterval and DTIMperiod). For instance, in Fig. 1, ListenInterval=3*BeaconInterval and DTIMperiod=6*BeaconInterval for STA A. Those two parameters are set through the signaling exchange between AP and STA A. From the wake and doze durations in Fig.1, we can have the following observation:
Observation: the doze duration of the STA in power saving mode may change largely, e.g., STA may stay in doze state for a short duration (smaller than 100 ms) and a long period (larger than 200ms) alternatively. 
Such observation is due to the different transmission instants and period settings of beacons with TIMs and those with DTIMs if both of them should be received by the STA. As a result, STA may have to wake up to receive beacons successively in certain duration and then receive only one beacon in a long duration (e.g., in Fig. 1, STA receives two beacons in the first 3 beacon intervals and then receives one beacon in the next 3 beacon intervals).    
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Fig. 1 Basic idea of power saving mode in IEEE 802.11

3. Discussions under DRX based solution 

In our understanding, DRX based solution is implemented based on two-step principle [2]:

1. UE provides some necessary information, e.g., TDM pattern. 

2. The eNB decides and signals “the final DRX configuration to the UE based on UE suggested TDM pattern and other possible criteria e.g., traffic type”. 
In LTE+WiFi offload scenario where WiFi radio is in power saving mode, the best DRX configuration is to allow LTE radio can work during the period that WiFi radio is in doze state. However, according to the Observation, it may be difficult to set a unified DRX configuration. In other words, the DRX configuration should be set dynamically, which may have two alternatives, as shown in Fig. 2. 
· Alt1: multi-way pattern suggestion

In this method, following the current two-step principle, the UE dynamically signals the suggested TDM pattern to the eNB according to the wakeup and doze durations of WiFi radio. 
· Alt2: new assistant information

In this method, the UE signals some assistant information, which may contain the wakeup instant(s) and the suggested wakeup duration(s) of the WiFi radio, to the eNB. The wakeup instant may consist of the following information:

1) the instant of the first beacon with TIM dedicated for the WiFi radio on the UE, and the transmission period of such beacon (such as ListenInterval); 

2) the instant of the first beacon with DTIM and the transmission period of such beacon (such as DTIM period)

The suggested wakeup duration(s) may consist of the following information:

1) the suggested wakeup duration after receiving beacon with TIM dedicates to the WiFi radio on the UE 
2) the suggested wakeup duration after receiving beacon with DTIM. 
Both suggested durations can be set by observing the traffic of WiFi radio. The wakeup instant and the wakeup duration can be denoted in terms of sub-frame. Note that if only one type beacon (beacon with TIM or that with DTIM) is needed by the WiFi radio, only the corresponding information should be signaled. After receiving the above information, the eNB can figure out the wakeup and doze durations of the WiFi radio to reconfigure the DRX configuration dynamically without frequently receiving the suggested TDM pattern from UE. 
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Fig. 2. Methods of DRX configuration setting

Obviously, Alt2 requires defining the new assistant information. However, compared with Alt1 which needs frequent TDM pattern suggestion from the UE, Alt 2 can reduce the signaling overhead since after receiving the new assistant information, the eNB only needs to send the DRX reconfiguration to the UE, as shown in Fig. 2. In addition, Alt2 can be also applied to the WiFi radio which is not in power saving mode. Specifically, the wakeup instant indicates the sub-frame where the WiFi radio wakes up and the wakeup period. Thus, we propose:

Proposal 1: In TDM pattern, UE can signal the wakeup instant(s) and the suggested wakeup duration(s) of WiFi radio to help the eNB dynamically signals the DRX configuration. 

4. Conclusion

Based on the understanding of WiFi radio in power saving mode, we have the following observation:

Observation: the doze duration of the STA in power saving mode may change largely, e.g., STA may stay in doze state for a short duration (smaller than 100 ms) and a long period (larger than 200ms) alternatively.
Thus, we propose below:
Proposal 1: In TDM pattern, UE can signal the wakeup instant(s) and the suggested wakeup duration(s) of WiFi radio to help the eNB dynamically signals the DRX configuration. 
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