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Introduction
In-device coexistence scenarios and related are studied in [1]. It is also understood that current mechanisms of LTE cannot be used as reliable procedure to detect and deal with in-device coexistence interference. In last 3GPP RAN2 meeting #71 some use case scenarios were agreed. In-device coexistence interference requires combination of various mechanisms such as TDM, FDM, Filter improvements. In this paper we analyse TDM solution as a possible approach for the coexistence of LTE and ISM radio:
The analysis is done for both FDD band 7 and TDD bad 40 considering all the three interference scenarios below,
-
Case 1: LTE Band 40 radio Tx causing interference to ISM radio Rx;

-
Case 2: ISM radio Tx causing interference to LTE Band 40 radio Rx;

-
Case 3: LTE Band 7 radio Tx causing interference to ISM radio Rx;
LTE+GNSS scenario is not considered because as mentioned in [1] that it is impractical to consider TDM solution for LTE+GNSS coexistence.
Discussion
TDM solution relies on separating activities of two different technologies in time domain such that transmission of one technology doesn’t cause interference for receiver of other technology. This requires to coordination between the transmission and reception activity of the interfering radios. At a high level the co-existence solutions should be such that both the radios are synchronous in their transmission and reception. The interfering radios can be synchronized in the following ways,
1. Time aligned TX and Time aligned RX of both radios Transmission of both radios are aligned and reception of both radios aligned
2. While one radio is Tx/Rx the other radio is sleeping
1. Time aligned TX and Time aligned RX of both radios
It looks fairly a simple and logical to align the radio activity of both the interfering radios of LTE and ISM. Doing this both the radios Tx or Rx together. 

Fig.1 Shows the typical time line of TCP packet transmission over WiFi. Inference can be drawn from the figure that the transmission is immediately followed by reception of an ACK or reception is immediately followed by transmission of ACK. Point to be noted here is that a packet transmission in WiFi followed by an ACK reception all happens in a duration much less then the 1ms TTI of LTE.
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Fig.1 WiFi activity timeline compared with LTE symbol time line
Because of the above described quickness in the WiFi activity for ACKs it is not possible to make the WiFi radio only Tx or Rx at sub frame level of LTE. 
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Fig.2 BT Activity timeline compared with LTE TTI

Fig.2 shows the LTE and BT time line for LTE TDD configuration 1 and BT SCO HV3 case which is for the popular case of voice routed to BT headset. Here also even after time alignment there is possibility of collision. RX immediately followed by TX in case of BT makes it bit more complicated. So, it may be important to focus TDM solution in such a way that during one ISM operation (i.e., Tx followed by Rx or Rx followed by Tx) LTE sub frames (either Rx or Tx) must not be used. As a corollary during operation of LTE (Rx or Tx) in a sub frame ISM operation should not happen.
The above analysis suggests that there should be a mechanism to control LTE (Scheduling) and ISM per sub frame basis in such a way that every sub frame (1ms) basis only one technology is working

Proposal 1: TDM solution should be such a way that every LTE TTI basis only one radio is active
2. Possible TDM Solutions
Following are the possible ways in which a TDM based solution can be realized
1. Bit map based
A bit map can be provided by the UE to eNB at the detection of co-existence scenario. The bit map suggests the eNB scheduler regarding the sub frames that it can schedule or not schedule the UE. The sub frames where the LTE is not scheduled can be provided for ISM activity.
2. Measurements gap
The current measurement gap mechanism can be used for this purpose. But the existing measurement gap configuration may need be changed because of their ON/OFF ratio and a few never combinations may need be added. Using this may require study of the measurement procedures. 
3. DRX Cycle
The existing DRX mechanism with modifications may be used for this. The presence of inactivity timer and DRX cycle length, on duration length may affect the scenario.
Bit map based is better mechanism and should be considered as way forward TDM solution. 
Proposal 2: A solution with bit map is better options as it requires minimal changes and do not disturb any of the existing procedures
3. Possible Architecture for Co-ordinated TDM Solution
The architecture for co-ordinated TDM solution can look something as below
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Fig.5 Possible architecture for co-ordinated TDM solution
· UE detects the presence of co-existence interference and triggers a message to the eNB. The detection of co-existence interference and trigger of the message to eNB can be left of the UE implementation
· In the triggered message to eNB UE informs a gap pattern of UE availability and non-availability (bit map) as suggested above. Gap Pattern can be sub frame based which suggest the eNB when to schedule and when not to schedule the UE. The calculation of the gap pattern can be left to UE implementation which depends on the scenario and use case.
· eNB accounts the above said gap pattern of UE availability and non-availability for scheduling the UE.

· LTE radio of UE shares the bit map with coordinator which generates ON/OFF signal to ISM radio. Coordinator can be left to UE implementation.

· ISM device performs their operation only if the coordinator generates an ON signal
As it is discussed above that for LTE and BT coexistence if we can time align LTE and BT in a particular manner then the collision possibilities can be reduced to a good extent. This requires time synchronisation between LTE and BT.
Proposal 3: Pattern of UE availability and unavailability only needs to be communicated to eNB. Deriving pattern, synchronisation with BT and co-ordinator can be left to UE implementation.
4. Special Considerations for WiFi
Some special consideration has to be given to WiFi to control the following:
a. Controlling WiFi Reception
The reception of data for the use case of LTE + WiFi (offloading) needs to be carefully controlled as the UE in this case is acting as a STA. AP can any time transmit the data for the STA and STA should be able to receive it otherwise back off process will drastically lower the data rate.
WiFi has the following mechanisms to control the WiFi reception
1. Basic Power Saving (PS) mechanism

2. PCF (Point Coordination Function) if available

3. U-APSD (unscheduled Automatic Power Save Delivery) 
Of the above the basic PS mechanism is compulsory in all the nodes. In this scheme a STA communicates to the AP on its status before it is going to sleep mode. If the AP has any data to send to the STA in sleep, AP buffers the data. At every Beacon interval AP transmits the beacon containing a list of TIMs for the STAs in sleep and which has data for them in AP. Listening to the Beacon and identifying its own TIM in the Beacon STA gets out of sleep mode and sends a PS-poll control message to AP which sends the data to STA there after.
One of the disadvantages of the basic PS mechanism is that it is highly relied on the Beacon reception by the STA. If the STA misses Beacon then the data reception can be delayed. Also interval between two beacons is sufficiently long which makes this mechanism not suitable for less delay tolerant services.

The drawback of the basic PS mechanism is avoided by U-APSD which does not require the STA to hear the Beacons. A STA supporting U-APSD can ask the AP for its data availability whenever it wakes up. U-APSD is introduced in IEEE802.11e. This feature is usually implemented and can be considered as potential solution.
Observation 1: Basic PS mechanism can be used for controlling the WiFi reception. If U-APSD is supported then that can be preferred mechanism.
b. Beacon Reception
Reception of beacon is important as it carries information required to synchronize the STAs and physical channel parameters. It also carries Traffic Indication Message (TIM) for STAs that were sleeping.Beacon has the following important properties

· WiFi beacon is scheduled every 102.4 ms and it may be deferred if the channel is active at the scheduled time

· MS need not listen to every beacon and it may skip some of them
· There is no ACK for beacon it is purely a TX for AP and RX for STA

Beacon reception is applicable only for the agreed use case of LTE+WiFi (Data Offloading) case. In this case the UE is acting as a STA and needs to receive (Rx) the Beacon. Beacon receptions are interfered with the UL transmission by LTE in case of both band 7 and band 40. Puncturing some of the LTE UL sub frames for WiFi beacon reception may be acceptable as beacon periodicity is reasonably high (102.4ms). It is not efficient to negotiate pattern for beacon reception with LTE eNB because beacon transmission can be deferred for small amount if channel is not free. So Beacon transmission doesn’t follow strict periodicity of 102.4 ms. It can be 102.4ms + delta ms where delta ms is variable in each period. There are possibilities that beacon reception can be at the time of LTE DL subframes or it can be during LTE DRX and also it is not necessary to reception each beacon so skipping beacon once in a while should be ok specially U-APSD is used. In remaining beacon reception opportunities LTE UL can be avoided. 
Proposal 4: When the UE is working as STA in WiFi, in certain infrequency cases when the UE cannot receive sufficient beacons in DRX or TDD DL subframes, the UE should be allowed to puncture an UL transmission in LTE in order to enable beacon reception.
In another agreed use case of LTE+WiFi (as portable router) there is no issue related to beacon as in this case WiFi of UE acts as AP and transmits beacon. As the beacon generation can be deferred a little bit after the completion of 102.4 ms this is not a big issue in this use case. Beacon can be generated in the next opportunity where the coordinator generated an ON signal for WiFi activity.More over in the case of band 7 LTE and ISM can coexist by transmitting together. So, there is no problem with beacon transmission in case of coexistence with band 7. In case of TDD band 40, at max only the beacon can be deferred if there is a ongoing LTE RX.
Observation 2: There is no problem for beacon transmission in the use case of LTE + WiFi (Portable Router)
Proposal

Proposal 1: TDM solution should be such a way that every LTE TTI basis only one radio is active
Proposal 2: A solution with bit map is better options as it requires minimal changes and do not disturb any of the existing procedures
Proposal 3: Pattern of UE availability and unavailability only needs to be communicated to eNB. Deriving pattern, synchronisation with BT and co-ordinator can be left to UE implementation.

Proposal 4: When the UE is working as STA in WiFi, in certain infrequency cases when the UE cannot receive sufficient beacons in DRX or TDD DL subframes, the UE should be allowed to puncture an UL transmission in LTE in order to enable beacon reception.
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