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1. Introduction

During RAN2#71bis meeting, the discussion was focus on the requirement on TDM solution and the possible designs for new TDM gap pattern. However, some of the legacy solutions can also generate gap pattern or the effect similar as gap pattern. This contribution will review the legacy solutions and investigate their applicability to LTE-WiFi coexistence in TDM manner.
2. Gap Analysis for LTE-WiFi Coexistence by Legacy Solutions
Base on the review of existing Rel-8/9 specifications, the following solutions may possibly help to generate time gaps for in-device coexistence interference avoidance in TDM manner:
1. Measurement Gap
2. SPS
3. MBSFN
4. PDCCH
5. DRX
The following discussion is performed base on WiFi beacon, which is the most important signal for connection maintenance in WiFi network. If one solution cannot well coexist with WiFi beacon signal, then it cannot be a good candidate for LTE-WiFi coexistence. The most general pattern of WiFi beacon is about 3ms-long burst with 102.4ms. In the following, the discussion compares the legacy mechanisms with respect to the WiFi beacon pattern.
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Fig. 1: General time pattern of WiFi beacon
2.1. Measurement Gap
There are two types of measurement gap pattern defined in Table 8.1.2.1-1 of TS 36.133, 6ms gap can be available every 40ms (Pattern #0) or every 80ms (Pattern #1). During the measurement gap, UE shall not transmit any data and is not expected to tune its receiver on the E-UTRAN serving carrier frequency. This allows the possibility to utilize such gap to prevent UE interfere ISM or GNSS receivers, where this can also prevent UE reception be interfered by ISM transmitters.
However, there are only two kinds of pattern available in existing specifications which may not fit well with the ISM traffic pattern under consideration. Figure 2 shows an example to compare the existing measurement gap patterns with the WiFi beacon traffic pattern. It seems like the existing measurement gap pattern cannot fit very well. The coexistence efficiency may become worse if the ISM traffic pattern is much different than the measurement gap, such as voice over BT or WiFi payload traffic. At the meantime, UE should still maintain its measurement performance while sharing the time gap for WiFi coexistence. It seems to be challenging to perform TDM in-device coexistence by using measurement gap.
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Figure 2 Compare the available measurement gap patterns with WiFi beacon traffic pattern
Observation#1: It may be challenging to perform TDM in-device coexistence interference avoidance by using existing measurement gaps defined in Rel-8/9 specification independently.
2.2. SPS
Semi-Persistent Scheduling (SPS) is another possibility to help UE explore the opportunity to help on in-device coexistence. Base on the definition in TS 36.321 and the parameters depicted in TS 36.331, the SPS scheduling pattern could be illustrated by Figure 3. By configuring different semiPersistSchedIntervalDL or semiPersistSchedIntervalDL, different level of opportunities might be available to help in-device coexistence. Because the SPS traffic will only be appear within one sub-frame in every cycle, the coexistence interference avoidance seems could be done by taking such opportunities.
However, UE still needs to monitor PDCCH even if SPS is configured. This means eNB may still allocate DL or UL grant at other time instance where no SPS traffic exists, where the only way to allow UE not to monitor PDCCH is using DRX. Therefore, SPS cannot really generate the gap but might be able to facilitate gap generated when DRX is also applied (e.g. UE may skip UL Tx and schedule ISM Rx by learning SPS configuration). 
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Figure 3 Compare the possible SPS configuration with WiFi beacon traffic pattern
Observation#2: It may be challenging to apply legacy SPS protocol for WiFi coexistence without the assistance by DRX mechanism. 
2.3. MBSFN
It is not straightforward but also not impossible to utilize MBMS sub-frame to generate time gaps to help in-device coexistence interference avoidance. According to TS 36.331, UE will consider that no other DL assignments occur in the MBSFN subframes indicated in the mbsfn-SubframeConfigList if the mbsfn-SubframeConfigList is included in SystemInformationBlockType2. Therefore, it is not impossible for eNB to configure MBSFN sub-frame to equivalently generate time gap for in-device coexistence interference avoidance. 
The scenario using MBSFN to generate time gap is illustrated in Figure 4. By broadcasting time gap information in broadcast manner (i.e. by MBSFN configure in SIB2), the signalling overhead may be reduced comparing with unicast manner. This can also reduce the complexity to eNB scheduler by preventing the gap generation for UEs individually, where UE need to perform autonomous coexistence interference avoidance by utilizing the shared gap.
However, other non-MBSFN UEs does not have coexistence problem cannot be served within the MBSFN sub-frame. If there is actually no MBSFN service supported by the network, mark some sub-frames as MBSFN sub-frames for in-device coexistence interference avoidance may waste certain radio resources. This drawback will become more significant if the number of UEs with coexistence problem is much less than normal UEs. 
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Figure 4 eNB configure MBSFN sub-frame as time gap for UE perform in-device coexistence interference avoidance
Observation#3: It is possible to perform TDM in-device coexistence interference avoidance by using existing MBSFN sub-frame defined in Rel-8/9 specification. However, the resource consumption issue should be considered.
2.4. PDCCH
Performing TDM in-device coexistence interference avoidance base on PDCCH means UE autonomously explore the ISM TX/Rx or GNSS Rx opportunities after decoding the PDCCH. The basic idea is illustrated in Figure 4.
However, UE need to monitor PDCCH in every sub-frame in case of missing any eNB grant. The LTE sub-frame is only 1ms where UE may not complete PDCCH decoding after three OFDM symbol times. Therefore, some prior knowledge is required for UE to inform internal ISM transceiver or GNSS receiver to activate Tx or Rx before the coming for next PDCCH in next sub-frame. 
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Figure 4 Examples on ISM Tx or ISM/GNSS Rx opportunity by PDCCH observation
Observation#4: It may be possible to perform TDM in-device coexistence interference avoidance by utilizing the legacy PDCCH if UE can learn the prior knowledge of eNB scheduling strategy.
2.5. DRX
The legacy DRX protocol cannot guarantee the time gap be available, but it can generate the effect similar as time gap. According to TS 36.331, UE is allowed to monitor PDCCH discontinuously if DRX is configured, where DRX can be configured to the UE either in RRC_CONNECTED or RRC_IDLE mode. This makes DRX becomes an attractive candidate to allow UE not to monitor PDCCH and skip the corresponding DL Rx and UL Tx opportunity, which allows eNB to generate the gap for UE to perform in-device coexistence interference avoidance. 
In addition, there are different parameters available base on existing specification to allow various DRX configuration, e.g.  longDRX-CycleStartOffset (i.e. longDRX-Cycle), onDurationTimer, drx-InactivityTimer and etc.. Figure 5 takes longDRX-Cycle and onDurationTimer as an example to illustrate how DRX pattern might be configure differently to fit the ISM traffic pattern. This allows eNB more flexibility to configure different DRX pattern base on different in-device coexistence scenarios, e.g. different configurations for WiFi offload or for BT earphone scenario. More detail investigation in applying DRX mechanism for in-device coexistence will be provided in [1].
The legacy DRX protocol may be directly used for in-device coexistence interference avoidance, but the gap cannot be guaranteed unless additional restriction on eNB scheduling rule over drx-InactivityTimer can be considered. However, this may actually be a good balance between eNB scheduling flexibility and coexistence efficiency, because some beacon loss may still be acceptable while this can leave much more scheduling flexibility to eNB.
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Figure 5 Using different DRX configurations for in-device coexistence interference avoidance
Observation#5: It may be possible to use DRX protocol defined in Rel-8/9 specification to perform TDM in-device coexistence interference avoidance
3. Conclusion
In addition to DRX, the other legacy solutions may not be able to independently resolve the LTE-WiFi coexistence problem. If the modifications over the legacy protocol are not allowed, DRX seems to be a reasonable option for further study.
Proposal#1: Include DRX as an option for LTE-WiFi coexistence to allow further study
However, the enhancement base on the legacy solution should still be possible to resolve the LTE-WiFi coexistence problem. For example, UE can always explore the interference avoidance opportunity whenever the gap exists by single or the combination of multiple protocols. But UE will need to learn eNB Scheduling policy in advance in certain cases.
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