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1 Introduction

As part of the in-device co-existence study, three possible TDM solutions have been identified and captured in [1].  However, the feasibility and usefulness of these solutions are still for further study.  
This contribution presents a thorough analysis of each scheme, identifying the similarities and differences across all schemes in an effort to find a common TDM solution that would satisfy the requirements of each co-existence scenario.  
2 Analysis of TDM schemes
Discussion  
The basic concept of all proposed TDM solutions consists in ensuring that transmission of a radio signal does not coincide in time with the reception of another radio signal.  Mainly, three schemes have been identified: DRX based solution, autonomous UE denial, and HARQ reservation.    It has been shown that each scheme has some advantages and disadvantages when analysed with respect to a particular usage scenario.  This means that in order to accommodate and meet the operational requirements of all the different scenarios identified in [1], we would need to consider all three solutions within the TDM approach, which would be very undesirable from a system complexity and testing point of view.  To simplify and progress the TDM discussions it would be useful to agree on common aspects of each scheme in order to define a unified TDM solution that can best meet the requirements of all co-existing technologies.   
The basis of UE assisted schemes relies on the UE reporting either in a reactive or proactive way the existence of interference across technologies in the same device.   More specifically, the UE can report a suggested TDM pattern or possibly one time denial period, as well as the interferer type and mode to the eNB.    The final TDM pattern (scheduled and unscheduled subframes) is determined by the eNB and signalled to the UE.   
The next sections analyse each scheme individually, identifying the advantages/disadvantages of each solution.
DRX solution 

The UE provides the eNB with a desired TDM pattern (scheduled and unscheduled period) and the eNB configures the UE with the final pattern.  

In the DRX based solution, the scheduling period corresponds to the active time of DRX operation, and unscheduled corresponds to the inactive time.    It is then up to the eNB to try to guarantee the unscheduled periods by appropriate DRX configuration and timing of UL/DL scheduling. 
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Figure 1 - DRX based suggested TDM pattern

Advantages:

· Simple solution as no major new functionality is required to be added in the UE, except additional UE behaviour when SR and RACH are triggered during UE unscheduled time.
Disadvantages:

· The inactive time in the UE is not guaranteed as the network can extend the active time by any of  the following triggers:

· New UL/DL scheduling (e.g. inactivity threshold timer)

· DL HARQ retransmission timer will place the UE in active time to ensure proper reception of retransmissions 

· A SR triggering – UE will move to active time one a SR is transmitted

· RACH procedure initiation 

· UL re-transmissions (non-adaptive)
· If the non-scheduled periods are dependent on the inactive time, the UE will be able to know with certainty the inactive period (as the network can extend them at anytime) and therefore would not be able to efficiently take advantage of the unscheduled LTE periods.
· To ensure that a certain inactive or unscheduled time is reserved for ISM transmission, the scheduling opportunities in the network will be greatly reduced.   

· Network capacity and scheduling opportunities will be reduced since in order to ensure inactive time the eNB would have to stop scheduling new data at least ‘inactivity threshold’ TTIs before the initiation of unscheduled time (otherwise active time will extend past the suggested scheduled time in the UE)

· Additionally, the scheduling opportunities in the eNB are further reduced due to the fact that new data in UL and DL has to be scheduled such that all retransmissions can take place within scheduled period.   
· DRX parameterization and setting will be guided by UE’s suggestions rather than network dependent algorithms and needs
· The cycles and inactivity periods provided by DRX settings cannot satisfy BT and LTE requirements as shown in [2] and [3]
HARQ based TDM patterns 

The HARQ reservation based TDM scheme relies on a network signalled pattern with very fine granularity (i.e. bitmap subframe reservation pattern).  
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Figure 2 – Subframe based reservation pattern
Advantages:

· Non-scheduled LTE periods are known in advance to the UE. The UE may therefore make more efficient use of the non-scheduled periods.

· The granularity allows the UE to meet the BT and LTE co-existence requirements 
Disadvantages:

· This solution seems suited for usage scenarios requiring very fine bitmap pattern, such as BT and LTE.  Timing must comply with release 8/9 HARQ timing. However, services such as WiFi may require longer patterns which contain consecutive scheduled and unscheduled subframe.  This may be achieved in the form of a bit map, but at the expense of signalling overhead.
During the subframes that are not reserved for LTE operation, or the subframes used to accommodate ISM/GNSS traffic, the UE does not perform any PDCCH/PDSCH reception and/or PUCCH/PUSCH transmission.  Additionally, the subframe pattern would comply with HARQ timing requirements such that no ACK/NACK would be transmitted on the PUCCH during a non-reserved subframe.    
However, given that the UE may trigger an UL transmission over the PUCCH when a scheduling request is triggered, the expected UE behaviour needs to be addressed.   The current specifications require the UE to transmit the scheduling request in the first available PUCCH resource, transition to active time and continuously monitor the PDCCH for the reception of a grant.    
A similar concern was raised for the DRX based solution and it was agreed that if a SR or a RACH is triggered during unscheduled time the UE is allowed to delay the initiation of the UL transmission.   Therefore, we propose that a similar agreement and text be captured for the HARQ reservation based solution.  
Proposal 1:  If a SR or RACH is triggered during a non-reserved subframe the UE is allowed to delay the initiation of the transmission to the next available reserved subframe.  
Autonomous denials

This scheme is based on the UE autonomously denying LTE service and scheduling to protect ISM data packets (e.g. for BT eSCO connection) or some critical short term events of ISM (e.g. connection setup procedures on the ISM side).

Without UE identification of the denial periods to the eNB this solution may be restricted to infrequent unscheduled LTE periods.

Advantages:

1. Simple – nothing would have to be specified from a RAN2 perspective without denial indication to the eNB and possibly eNB confirmation.
2. Offers flexibility to the UE 
Disadvantages:

1. Throughput loss due to denials – eNB scheduler is heavily reliable on the PDCCH decoding.  It was identified that if the UE does not respond to 30% of scheduling instances, PDCCH and PDSCH link adaptations may break.   

a. In [2] it has been shown that a throughput loss of 27% on both links for band 7 and up to 41.6 % in UL can occur with autonomous denials.
2. The denials result in a waste of network capacity as the denied resources could have been assigned to other UEs, had the network known about the denial in advance.    

3. Autonomous denial removes any control from the network and may result in potential problems if the network wants to prevent the UE from denying service in case of a high priority application or emergency call running over LTE.

4. An additional disadvantage to consider is the control and testing of the frequency at which the denials are being performed even if only used for rare cases.  This will increase the complexity of RAN4 specification.

In order to overcome the rate loop instability and the potential loss in throughput and network capacity, it has been proposed in [2] that a UE denial report to the network is needed for proper scheduling.  The denial could be in the form of an individual denial period or a periodic denial pattern.  If the UE is going to report the denied subframes, then  it may be beneficial to allow the UE to report/request some unscheduled subframes in advance (i.e. proactive triggering).  This will avoid the above mentioned disadvantages and allow the network to grant the request to the UE without scheduling on those resources for a predetermined period of time, while utilizing them for other UEs. 
Similar to other TDM solutions it may also be beneficial to have the network confirm the UE requested denial period or pattern. 

Proposal 2: To allow support for a wider range of scenarios (i.e. increased frequency and/or duration), extend the text in the autonomous denial solution to allow the UE to report a short denial pattern in a proactive manner 

If the UE requests a denial period or pattern and potentially the network confirms, the solution becomes very similar to the other solutions, like HARQ and DRX.   One difference could be that the nature of the request is not periodic but rather a one-time short term request, but there seems no reason to rule out a short term denial pattern.     
Observation 1: If the UE requests short unscheduled time or pattern and the network confirms, the solution becomes very similar to the other solutions, like HARQ and DRX.  
Common attributes and a common unified solution
Given that it is undesirable to implement and test three different schemes in the UE, we propose that RAN2 analyses and agrees to a common subset of attributes that would apply to all TDM solutions in an effort to design a common unified solution.  

Upon careful analysis of the three schemes the following common characteristics have been identified:

· The mechanisms are based on the UE reporting and suggesting a pattern.  The pattern suggested for the three schemes are different in nature in the following way:

· DRX: There is defined cycle, number of consecutive scheduled subframes (e.g. scheduling period)  or  unscheduled subframes (e.g. unscheduled period)
· HARQ reservation: a bit map that has a very fine granularity and a defined periodicity of scheduled and unscheduled subframes.
· Short unscheduling request: A onetime pattern that is not repeated

With a flexible signalling definition it is possible all 3 flavours could be handled by a common mechanism.

· The network configures the UE with a period/pattern or confirms the use of the requested period or pattern.  

· The UE applies the provided pattern to determine the scheduled and unscheduled subframes.   

· During scheduled subframes UE performs normal transmission/reception procedures.
· During unscheduled subframes the UE may:
· Not be required to receive PDCCH/PDSCH and/or transmit PUSCH/PUCCH 
· If an SR or RACH is triggered the UE is allowed to delay the transmission to the next available scheduled subframe and next available resource.  

From the above analysis, one of the main differences between these schemes is the granularity and type of patterns.  These differences can be overcome by allowing the reporting of different types of patterns.   Therefore, it seems that with sufficient flexibility in the UE requested period/pattern and the eNB period/pattern confirmation, the advantages of each of the three schemes could be achieved with one common solution.
Proposal3: Agree to define one common unified TDM solution and to capture this unified solution in the technical report in addition to the existing solutions.  
If agreed, a text proposal to 3GPP TR36.318 can be provided.  
3 Conclusion

This contribution analyzed the potential TDM schemes for In-Device Coexistence, identifying similarities and differences across all schemes in an effort to find a common TDM solution that would satisfy the requirements of each co-existence scenario.  The following is proposed:
Proposal 1:  If a SR or RACH is triggered during a non-reserved subframe the UE is allowed to delay the initiation of the transmission to the next available reserved subframe.  
Proposal 2: To allow support for a wider range of scenarios (i.e. increased frequency and/or duration), extend the text in the autonomous denial solution to allow the UE to report a short denial pattern in a proactive manner 

Proposal3: Agree to define one common unified TDM solution and to capture this unified solution in the technical report in addition to the existing solutions.  
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