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Discussion and Decision
1 Introduction 
At RAN2#72bis meeting, some consensus on the understanding of the DRX based TDM solution was reached [1]:
	1) UE informs the eNB about a desired active/inactive pattern (e.g. DRX period/inactive time, e.g. 120ms DRX period and 60ms inactive time)

2) eNB decides on DRX scheme (also based on other criteria) and should try to make sure that 60ms period inactivity is enabled due to appropriate UL/DL scheduling, SRS transmission configurations, DRX MAC CE usage.....

3) UE is allowed to delay D-SR/RACH during inactive time


However the overall signaling procedure of the DRX based TDM solution is not that clear and there are still some remaining open issues.
In this contribution, we discuss the over signaling procedure and analyse the remaining open issues.
2 Discussion
2.1 The overall signaling procedure
According to the agreement made in [1], the UE privides the eNB with a desired TDM pattern and it is up to the eNB to decide and guarantee the final TDM pattern. The question here is how the UE is aware of the start/stop of the DRX based TDM solution to take the corresponding TDM actions. 
Start of the DRX based TDM solution
According the agreement captured in [2], the UE privides the eNB with a desired TDM pattern and it is up to the eNB to decide the final TDM pattern and signal the corresponding DRX configuration to the UE. In some fortunate cases, the current configured DRX parameter may well fulfil the final decided TDM pattern, that is, the eNB needs not to signal any new DRX configuration to the UE. In this case, if no explicit information is provided to the UE, the UE has no way to know when to start the DRX based TDM solution. In many situations, the DRX may have not been configured or the current configured DRX parameter may not meet the final decided TDM pattern at all, the eNB needs to signal the new DRX configured to the UE. Even so, if no extra/explicit information besides the DRX configuration is provided to the UE, still the UE has no way to know when to start the DRX based TDM solution.
Stop of the DRX based TDM solution

If the UE feels that the DRX based TDM solution is not needed any more (e.g. the in-device ISM device is turned off), the UE should inform the eNB. As analysised above, in many situations, the eNB needs to configure/reconfigure new DRX parameters to meet the decided TDM pattern, which may degrade the LTE performance. To resume the efficiency of LTE, the eNB could re-assign DRX parameters without considering the UE suggested TDM pattern if the eNB is informed that there is no DRX based TDM solution needed any anymore. In this case, if no explicit information is provided to the UE, the UE hs no way to know when to stop the DRX based TDM solution. For the case that the DRX configuration is not changed before and after the TDM solution, still some ecplicit information should be introduced to tell the UE to stop the DRX based TDM solution.
From the analysis above, the overall signalling procedure is given in Figure 1:
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Figure 1
Proposal1: Consider the overall signaling procedure as in Figure 1.
2.2 WiFi Beacon handling
At RAN2#71bis, it has been agreed that only the Beacon handling on the LTE + WiFi offload scenario should be considered. For the scenario LTE + WiFi router, the timeline alignment is not required. In fact, the Beacon transmission of the AP will definitely interfere with the DL reception of the LTE. So we propose that the Beacon handling should also be considered for the LTE + WiFi router scenario.

Proposal2: Both the scenarios LTE+WiFi offlad and LTE+WiFi router should be analysed when considering the Beacon handling mechanism.
At RAN2#72bis, the DRX based TDM solution has been considered as a valid study wayforward. For the WiFi Beacon reception/transmission, the typical interval of Beacon is 102.4ms, which doesn’t align with any of the current DRX cycle. So it is not easy to align the DRX cycle with the Beacon interval. That is, we can’t ensure that the Beacon occasion always appears during the "non-active time", using DRX mechanism. 

For the LTE + WiFi offload scenario, the coexisted WiFi is a non-AP STA. The STA should periodically moniter the Beacon to keep synchronizing with the AP and detect if there is data buffered in the AP for it when in the power saving mode. If the eNB has no idea of the WiFi Beacon reception time and no special Beacon handling mechanism is introduced beyond the DRX based TDM mechanism, we can not exclude the possibility that the eNB keep UL scheduling the UE during several (e.g. 3 or more) consecutive Beacon occasions, which will cause the several consecutive Beacon lost. The consecutive Beacon loss may result that STA deassociates with the AP or increase the data reception latency from AP to STA in power saving mode, which will definitely degrade the user experience.
For the LTE + WiFi router scenario, the coexisted WiFi is an AP. To keep the associated STAs synchronized, the AP should keep transmiting Beacon periodically. If the eNB has no idea of the WiFi Beacon reception time and no special Beacon handling mechanism is introduced beyond the DRX based TDM mechanism, we can not exclude the possibility that the eNB happens to keep DL scheduling the UE during the Beacon occasion unfortunately, which will degrade the LTE performance.
Proposal3: From the observations above, we propose that some special mechanism should be introduced in the DRX based TDM solution for Beacon handling.

There are two possible ways for Beacon handling:
1st: Design some explicit gap pattern for Beacon occasion, like the measurement gap mechanism.

2nd: Smart UE behaviour and eNB scheduling during the Beacon occasion. 
	
	1st
	2nd

	protocol impact
	Should introduce a new gap mechanism
	With some assistant information from UE, the eNB could avoid scheduling the UE during the Beacon occasion, little impact on the protocol

	scheduling flexibility
	The eNB must stop scheduling the UE during the new introduced gap.
	Considering that a few Beacon could be missed with no impact on the WiFi, the restricted limitation on the eNB scheduling policy will be little.


Table 1
Table 1 listed the major two concerns of the Beacon handling ways. From the analysis above, we think that the 2nd way is an attractive approach. 
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Figure 2
To implement the 2nd way above, some Beacon reception/transmission information should be provided to the eNB to assist the eNB in making scheduling decision. Figure 2 illustrated one possible timing relationship with Beacon and LTE system time. The simplest assisted information from UE could be the Beacon interval, the SFN and subframe in LTE corresponding to a certain Beacon TBTT (e.g. SFN x and subframe y as illustrated in Figure 2). As analysed above, for the LTE + WiFi offload scenario, only the LTE UL transmission needs to be avoided during the Beacon occasion, while for the LTE +WiFi router scenario, only the LTE DL transmission needs to be avoided. So for further optimization, the UE could indicat UL/DL transmission avoidance in the assisted information. With the assistant information from UE, the eNB could avoid DL and/or UL scheduling during the Beacon occasion. And the UE could stop UL transmission during the Beacon occasion.

Proposal4: Some assistant information, e.g. the Beacon interval, the SFN and subframe in LTE corresponding to a certain Beacon TBTT, DL/UL transmission avoidance indication, should be indicated to the eNB. The eNB could avoid DL and/or UL scheduling during the Beacon occasion. The UE should avoid transimission during the Beacon occasion.
2.3 Measurement handling

When discussing the WI of eICIC for non-CAbased deployments of hetnet, there is a common understanding that the the RSRP measurements of weak cells should be protected [3]. For example, for a pico cell with 10dB bias CRE, the SINR of a PUE in the pico’s CRE range will be as high as about -10dB that the measurement of the pico cell should be protected. 
Similarly, whether the UE should stop/continue measurement during the inactive time depends on the SINR of the serving cell during the inactive time.
According to the analysis of coexistence interference between LTE and ISM bands in [4], if the BT/WLAN actives in the lowest 20MHz of the ISM band and the LTE actives in the highest 30MHz of Band40, the desense in LTE will be as high as 50dB. The definition of desense is 10log10(α) where α is the ratio between the coexistence interference and the noise floor. According to the assumptiong in [4], if the the sensitivity is -94dBm and the required SNR is -1dB. Then, the noise floor (KBT+ Noise Figure) is at -93dBm. So if the desense is 50dB, then the coexistence interference is as high as -43dBm. 
The SINR is defined as the Signal-to-Interference plus Noise Ratio. Because of the strong coexistence interference, the noise is negligible when calculating the SINR. For Band40 with 20MHz bandwidth, the typical received signal range is -97dBm~-57dBm.Then the SINR will be -54dB~-14dB. The RSRP measurements of weak cells, e.g. with -10dB SIRN, should be protected when discussing eICIC. So we believe that for in-device coexistence, with such high SINR (e.g. -51dB~-17dB), the measurement during the inactive time will be inaccuracy that it should be carefully considered. Someone may argue that a smart UE could avoid sampling during the inactive time itself. But without RAN4’s estimation, we can not make sure whether the measurement requirement could be fullfiled or not for different TDM timeline requirement. So we propose that the measurement handling during the inactive time should be analysed before any decision is made. Of course considering the timescale of this SI, maybe the analysis of RRM/RLM/CSI measurement during the inactive time could be delayed to the WI stage.
Proposal5: The RRM/RLM/CSI measurement during the inactive time should be analysed before any decision is made. And considering the timescale of the SI, this could be delayed to the WI stage.
2.4 RACH initiation handling
According the agreement captured in [2], during inactive time UE is allowed to delay the initiation of dedicated scheduling request and/or RACH procedure. There are 4 events to trigger RACH procedure in the RRC-CONNECTED state when the DRX based TDM solution is going on [5]:
-
Handover;
-
DL data arrival during RRC_CONNECTED requiring random access procedure;

-
UL data arrival during RRC_CONNECTED requiring random access procedure;

-
For positioning purpose during RRC_CONNECTED requiring random access procedure;

It is necessary for the UE to delay the initiation of RACH procedure for the last 3 events to protect the ISM activity while have little impact on LTE performance. But for the Handover event, as illustrated in Figure 3, if the Handover command is received nearly the end of the active time that the first opportunity for the Preamble transmission is in the inactive time, the delayed time for RACH procedure may be as longer as or even longer than the inactive time (e.g. 60ms). The UE may suffer RLF during this long delayed time, which will degrade the LTE performance. So we propose that the UE is allowed to delay the initiation of RACH procedure, except the procedure triggered by handover, during inactive time.
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Figure 3
Proposal6: The UE is allowed to delay the initiation of RACH procedure during inactive time, except the procedure triggered by handover.
3 Conclusion 
Based on the analysis above, we propose that:

Proposal1: Consider the overall signaling procedure as in Figure 1.

Proposal2: Both the scenarios LTE+WiFi offlad and LTE+WiFi router should be analysed when considering the Beacon handling mechanism.

Proposal3: Some special mechanism should be introduced in the DRX based TDM solution for Beacon handling.

Proposal4: Some assistant information, e.g. the Beacon interval, the SFN and subframe in LTE corresponding to a certain Beacon TBTT, DL/UL transmission avoidance indication, should be indicated to the eNB. The eNB could avoid DL and/or UL scheduling during the Beacon occasion. The UE should avoid transimission during the Beacon occasion.
Proposal5: The RRM/RLM/CSI measurement during the inactive time should be analysed before any decision is made. And considering the timescale of the SI, this could be delayed to the WI stage.
Proposal6: The UE is allowed to delay the initiation of RACH procedure during inactive time, except the procedure triggered by handover.
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