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1 Introduction

During RAN2 #72 meeting, LTE and WiFi coexistence problem had been discussed in contributions [1-5]. Base on the online discussion over [1], the following notes are concluded by Chairman as the possible way for further work:

=>A DRX based approach seems at this point in time the most promising direction but many issues still to be resolved. Could be good direction for further work.
But the decision to make DRX as baseline TDM approach has not been concluded due to the following open issues identified in RAN2 meeting minutes:
- beacon handling


- UE not transmitting during some periods


- how is eNB aware of ending time

This contribution will investigate the above open issues and conclude if there is unsolvable problem behind these open issues.
2 Open Issues for TDM Solutions 
2.1 Beacon Handling

The WiFi station in sleep mode will need to keep monitoring the beacon signal transmitted from WiFi AP to maintain its connection. The beacon signal transmitted by Access Point (AP) typically carries the following information:

· Timestamp

When the WiFi station receives the timestamp through the beacon signal, it can update its local clock to keep synchronized with WiFi AP.
· Beacon Interval

The typical value is 102.4ms. AP may also configure this as multiple of 102.4ms.

· Capability Information

This filed carry the static capability information such as network type (i.e. ad-hoc mode or infrastructure mode), support of polling, support of wired equivalent privacy (WEP) and etc.
· SSID (Service Set Identifier)
SSID is used to help WiFi station to identify the WiFi AP for selection, which usually consists human readable text.

· Supported Rates

This parameter is associated with the physical layer transmission format (e.g. dependent to IEEE 802.11a/b/g/n) used by WiFi AP 

· Parameter Set

For infrastructure mode, AP which supports PCF may transmit more detail parameters.
· TIM (Traffic Indication Map)
The WiFi station in sleep mode need to monitor this information to learn if there is data buffered by WiFi AP waiting for transmission to it. Upon receiving this information, WiFi station can then polling WiFi AP to receive the data.
Some information carried in WiFi beacon is static, such as Capability Information, SSID, Supported Rates and Parameter Set. The specification does not disallow Beacon Interval be reconfigured during normal operation, but generally the Beacon Interval is always fixed to 102.4ms in most product.
The information that may be changed in beacon signal is timestamp and TIM. If WiFi station missed the beacon, it may missed the tracking of these two information and possibly result in some performance degradation, but it should be acceptable if only one or two consecutive beacons are missed. 
Considering the effect of missing time stamp information, WiFi station will not be able to update its local clock to align with the AP timing. But this problem is not serious if the station has previously synchronized with AP by beacon reception. So this should not affect beacon reception because WiFi station should have learned the Beacon Interval from previous beacons and able to properly estimate the timing to receive next beacon. 
But missing the TIM may be more severe because it will directly increase the latency in sleep mode, missing one beacon means the increase of latency by 102.4ms. Even though the QoS requirement by the WiFi network is usually lower than the requirement to cellular network, it would be better to keep such latency within certain level (e.g. < 1sec).
Therefore, it should be possible to allow WiFi beacon to be lost in case the coexistence interference cannot really be avoided (e.g. by DRX). But the number of consecutive WiFi beacon lost should be controlled within certain range to prevent severe QoS degradation to WiFi network.

Observation 1 It is acceptable to miss WiFi beacon less than [3] consecutive times when analyzing TDM coexistence solutions
2.1.1 Evaluation on WiFi beacon coexistence by Rel-8 DRX
Appendix A provides the simplified simulation results to investigate the possible performance on WiFi beacon coexistence by using Rel-8 DRX with different configuration, where the performance indexes “LTE Active Ratio” and “Collision Probability” are used for comparison.

The detail definition of “LTE Active Ratio” is basically the same as the eNB Coexistence Efficiency (CE) parameter defined in [6]. Its physical meaning is the percentage of overall simulation time that LTE data transmission could be performed. The effect by eNB decision to extend ON duration or UE arbitrary UL transmission (e.g. RACH) is modelled by a given probability 10% (may be a conservative example) when simulating each DRX cycle. This will effectively increase the LTE Active Ratio.
The detail definition of “Collision Probability” basically follow the definition of Probability to Collide (Pc) are used for comparison [6] but with additional consideration on the number of consecutive X beacon signal loss. Its physically meaning is the probability to have consecutive X beacon signals loss during the LTE active duration.
The simulation considers one eNB, one UE and one UE internal WiFi waiting for beacon reception. Given the WiFi beacon transmission periodicity and transmission time, different DRX parameters over different frame configurations are simulated to investigate the level of collision probability under different LTE active ratio. For each frame configuration, different number of “X” value is also simulated to investigate if the problem can be relaxed when some beacon loss is allowed.
Base on the simulation, some preliminary observations could be identified by comparing the results between different scenarios.
· The coexistence problem can be substantially relaxed if some WiFi beacon signal loss is allowed
· Proper DRX parameter configuration can lead to better performance for WiFi beacon coexistence
· Configure longDRX-Cycle value as 64 or 128 sub-frames can usually lead to better performance under many scenarios
Because one eNB will usually serve multiple UEs, the real LTE active ratio for one UE may not be very high. By further assuming the services over WiFi (e.g. web browsing, FTP) may not always have latency requirement as high as LTE (e.g. voice), it might be acceptable to consider WiFi beacon signal could be missed occasionally. Then the coexistence performance by DRX based TDM solution seems quite acceptable.
Observation 2 The performance of WiFi beacon coexistence by DRX based TDM solution seems to be acceptable

2.2 UE not Transmitting During Some Periods

Without the PDCCH, UE may still transmit signal in UL and result in coexistence interference to WiFi beacon reception. In order to protect WiFi beacon reception, it is possible to have device internal coordination and avoid LTE UL transmission during some period. But if the LTE UL is transmitting important signal (e.g. D-SR over PUCCH or RACH), UE internal coordinator should decide proper priority and allow LTE transmission.

For the UL transmission opportunity allocated by PDCCH, there may be problem for UE to intentionally skip UL transmission. Because eNB will expect UE UL transmission for measurement or DL ACK reception, there may be potential problem if UE skip these transmission opportunity intentionally without informing eNB. In order to enable such operation, eNB should be informed in advance.
Observation 3  UE may stop UL transmission over a period of time when LTE transmission is not in high priority
2.3 How is eNB aware of End Time?
How eNB be aware of the end time is relevant to how eNB judge the start time to trigger coexistence interference avoidance, for example, trigger base on measurement result. In RAN2#72, it is generally agreed that the activation/deactivation of ISM radios may not be the proper start/end time for trigger. The start/end time triggered by measurement should be the reasonable option to be considered. More detail discussion will be available in [7].

Observation 4  The end of coexistence avoidance may base on the measurement result, additional signalling may be used to inform eNB the ending condition is met.
Base on the above discussion, there should be sufficient answer for each remaining open issue. It may be considerable to identify the DRX based TDM solution as a valid option in TR 36.814.
Proposal 1  Consider DRX based TDM solution is a valid option for TR 36.814
3 Conclusion
The following observations were concluded base on the above analysis:

Observation 1 It is acceptable to miss WiFi beacon less than [3] consecutive times when analyzing TDM coexistence solutions
Observation 2 The performance of WiFi beacon coexistence by DRX based TDM solution seems to be acceptable
Observation 3  UE may stop UL transmission over a period of time when LTE transmission is not in high priority
Observation 4  The end of coexistence avoidance may base on the measurement result, additional signalling may be used to inform eNB the ending condition is met.
Base on the above observations, RAN2 is requested to consider the following proposals:
Proposal 1  Consider DRX based TDM solution is a valid option for TR 36.814
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Appendix A

For each configuration, different longDRX-Cycle and onDurationTimer is simulated by given different X. The drx-InactivityTimer is selected to be around 20% of the onDurationTimer base on the Rel-8 parameters for simplicity. A probability of 10% is given to model the possibility that eNB will schedule data transmission per onDurationTimer or UE may perform arbitrary UL transmission (e.g. RACH) during each DRX cycle. The simulation assumption and the evaluation methodology need to be further discussed by RAN2.
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Figure 1 TDD UL-DL Configuration #0
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Figure 2 TDD UL-DL Configuration #1
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Figure 3 TDD UL-DL Configuration #2
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Figure 4 TDD UL-DL Configuration #3
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Figure 5 TDD UL-DL Configuration #4
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Figure 6 TDD UL-DL Configuration #5
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Figure 7 TDD UL-DL Configuration #6
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Figure 7 FDD Mode

