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1. Introduction

TDM (Time Division Multiplexing) has been agreed as one of the potential research directions during the RAN2#71 meeting [1]. In order to investigate whether the existing protocol can be used to satisfy the requirements for TDM in-device coexistence, this contribution reviews the protocols in Rel-8/9 which may generate time gaps and analyzes the possible way to move forward.
2. Analysis in Potential TDM Coexistence Solutions
Base on the review of existing Rel-8/9 specifications, the following protocols may possibly help to generate time gaps to help UE perform in-device coexistence interference avoidance in TDM manner:
1. Measurement Gap
2. SPS
3. MBSFN Sub-frame
4. PDCCH

5. DRX
In order to understand which protocol might be suitable for TDM in-device coexistence interference avoidance, it will be helpful for RAN2 to review the characteristics of each protocol and investigate the potential advantage or disadvantage. The examples base on WiFi offload scenario (i.e. coexistence with WiFi beacon) are also provided to facilitate comparison and discussion, but the considerations from other usage scenarios should also be taken into account when decision.
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 will not be expected to tune its receiver on the E-UTRAN serving carrier frequency. This allows the possibility to utilize such time 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 where those patterns may not always fit well with the ISM traffic pattern to be considered. Figure 1 shows an example on comparing the existing measurement gap patterns with the WiFi beacon traffic pattern. It seems like the existing measurement gap pattern may not fit very well. The 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. It seems to be challenging to perform TDM in-device coexistence by using measurement gap.

[image: image1.emf]Gap Pattern 

#0

Gap Pattern 

#1

40ms

6ms

6ms 80ms

WiFi Beacon

102.4ms

~3ms


Figure 1 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.
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 2. 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 still using DRX. Therefore, SPS cannot really generate the gap itself but might be able to facilitate gap generated when DRX is also applied. This leads to the observation that the existing SPS protocol defined in Rel-8/9 specifications cannot individually generate the time gap for in-device coexistence interference avoidance.
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Figure 2 Compare the possible SPS configuration with WiFi beacon traffic pattern

Observation#2: The existing SPS protocol defined in Rel-8/9 specifications cannot individually generate the time gap for in-device coexistence interference avoidance.
2.3. MBSFN Sub-frame
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 3. By broadcasting time gap information in broadcast manner (i.e. by MBSFN configuration 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 can perform autonomous coexistence interference avoidance by utilizing the shared gap.
However, other non-MBSFN UEs who does not have coexistence problem cannot be served within the MBSFN sub-frame according to current specification. 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 be a waste of those radio resources. This drawback will become more significant if the number of UEs with coexistence problem is much less than normal UEs. Therefore, the existing MBSFN sub-frame might be difficult to achieve good balance between coexistence efficiency and the consumed radio resources.
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Figure 3 eNB configure MBSFN sub-frame as time gap for UE perform in-device coexistence interference avoidance

Observation#3: It may be challenging to perform TDM in-device coexistence interference avoidance by using existing MBSFN sub-frame defined in Rel-8/9 specification.
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. Because the LTE sub-frame is only 1ms where UE may not complete PDCCH decoding after three OFDM symbol times, it will be very challenging 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. 

In addition, the transmission time or reception time for ISM traffic or GNSS signal may be much longer than LTE sub-frame duration. It makes the interference avoidance hard to be performed after considering ISM traffic requirements. Therefore, it will be very difficult to perform TDM in-device coexistence interference avoidance by PDCCH observation.
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Figure 4 Examples on ISM Tx or ISM/GNSS Rx opportunity by PDCCH observation
Observation#4: It may be challenging to perform TDM in-device coexistence interference avoidance by utilizing the PDCCH defined in Rel-8/9 specification.
2.5. DRX

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 leaves 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 [2].
The existing DRX protocol may be directly used for in-device coexistence interference avoidance. But the remaining issue would be the signalling method for UE to inform, which allows eNB to make the proper configuration to achieve better tradeoff between efficiency and performance.
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Figure 5 Using different DRX configurations for in-device coexistence interference avoidance
Observation#5: DRX protocol defined in Rel-8/9 specification may be directly reused for TDM in-device coexistence interference avoidance

Proposal#1: Agree the DRX protocol defined in Rel-8/9 specification may be directly reused for TDM in-device coexistence interference avoidance

Proposal#2: Agree to identify “UE Reporting Mechanism” become a sub-item need to be further studied for TDM solution
3. Conclusion
This contribution reviews several protocols in Rel-8/9 which may help to generate time gaps for TDM in-device coexistence interference avoidance. The following observations are concluded base on the analysis results.

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

Observation#2: The existing SPS protocol defined in Rel-8/9 specifications cannot individually generate the time gap for in-device coexistence interference avoidance
Observation#3: It may be challenging to perform TDM in-device coexistence interference avoidance by using existing MBSFN sub-frame defined in Rel-8/9 specification

Observation#4: It may be challenging to perform TDM in-device coexistence interference avoidance by utilizing the PDCCH defined in Rel-8/9 specification

Observation#5: DRX protocol defined in Rel-8/9 specification may be directly reused for TDM in-device coexistence interference avoidance

Base on the above observations, DRX is concluded as the most promising protocol that could be directly reused to enable this feature. The following are the proposals based on the conclusion from observations.
Proposal#1: Agree the DRX protocol defined in Rel-8/9 specification may be directly reused for TDM in-device coexistence interference avoidance

Proposal#2: Agree to identify “UE Reporting Mechanism” become a sub-item need to be further studied for TDM solution

Appendix A    Draft TP base on R2-105214
5.1.2.2
Move ISM Radio Signal away from LTE Frequency Band
The basic concept of this solution is illustrated on Figure 5.1.2.2-1, where ISM radio signal is led away from LTE frequency band in frequency domain. In order to help ISM radio complete the necessary procedure to enable this option, LTE may also need to avoid coexistence interference to ISM radio during the initial stage.
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Figure 5.1.2.2-1: Move ISM radio signal away from LTE frequency band
5.1.2.2.1 Potential Solution based on DRX
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. 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.

5.1.2.2.2 UE Reporting Support
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