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1
Introduction
TDM Solution for IDC can be classified into two categories: DRX-based and pattern-based [1]. The DRX solution relies on Rel-10 DRX to provide inactivity periods: based on IDC information provided by the UE, the eNB schedules the UE in such a way that gaps naturally occur and when combined with DRX, creates periods of inactivity for the ISM radio. The pattern-based solutions rely on enforcing inactivity periods by alternating, in a fixed sequence known to both the UE and the eNB, periods of inactivity with period of activity. The main benefit of a DRX-based solution would be that it relies on existing mechanism and therefore minimises the standardisation efforts as well as precludes additional implementation and corresponding testing. Unfortunately, existing DRX alone cannot be used to solve all IDC aspects and this contribution will explain why.

2
Inactivity Periods 

The two inherent drawbacks of DRX are that:

1)
it cannot quickly alternate inactivity periods with periods of activity;
2)
it cannot guarantee periods of inactivity.

The first one appears to be a problem for voice + BT scenario [2]

 REF _Ref307239228 \r \h 
[3] and although the extent to which this limitation is a severe problem is still being debated, solutions to improve DRX are already being proposed [4]

 REF _Ref307239317 \r \h 
[5][6]. 

The second one considerably increases the complexity of the UE in interacting with the ISM radio and in managing LTE RRM measurements. Here again, solutions to improve DRX are also proposed [6].
Observation 1: because DRX cannot quickly alternate inactivity periods with periods of activity and cannot guarantee periods of inactivity, modifications to DRX are likely to be required in Rel-11.
As explained in an earlier contribution [8], if DRX were to be adjusted in Rel-11 for the sole purpose of IDC, the main benefit of having a DRX-based solution would vanish since it would no longer rely on an existing mechanism. Furthermore, modifying something as sensitive as DRX would complicate the isolation of the IDC-related parts in the specifications. Since IDC is limited to Band 7 and 40, only UEs and eNBs supporting those bands should have to implement them. Any addition to deal with IDC should therefore be as independent as possible from other mechanisms.
Observation 2: modifying DRX complicates the isolation of IDC specific mechanism.
3
Other Limitations
Solving IDC problems is not only about providing the UE with periods of inactivity through scheduling. In order to protect the ISM radio and the LTE one, limitations to CQI, SRS, SR, HARQ feedback and to the random access procedure are also required.

CQI Reports: when not in Active Time, CQI/PMI/RI/PTI on PUCCH shall not be reported [11]. But because the Active Time includes the time while an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer, the possible occurence of non-adaptive retransmissions makes it difficult for the eNB through scheduling and DRX alone to always prevent the UE from sending CQI/PMI/RI/PTI to protect the ISM radio. The eNB could enable cqi-Mask and makes sure that the on-duration is configured appropriately though.  

SRS Transmissions: when not in Active Time, type-0-triggered SRS shall not be reported [11]. As for CQI reports, because the Active Time includes the time while an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer, the possible occurence of non-adaptive retransmissions makes it difficult for the eNB through DRX and scheduling alone to always prevent the UE from sending type-0-triggered SRS to protect the ISM radio.

SR Tranmission: in order to protect the ISM radio, SR should not be sent when ISM reception takes place. This is not something controlled by DRX and scheduling.

HARQ feeback: in order to protect the ISM radio, the HARQ feedback should not be sent when ISM reception takes place. This can be controlled by DRX and scheduling but increases the restrictions set to the scheduler.
Random Access Procedure: as for all other uplink transmissions, some retrictions are required when dealing with the random access procedure. However, this is again not something controlled by DRX and scheduling.

CQI and RRM Measurements:  to make sure the UE only takes clean measurements samples, a well established pattern is required but this is something DRX and scheduling alone cannot provide [9].

Considering the above, the following observation can be made:
Observation 3: DRX and scheduling alone is not enough to solve all IDC problems. Limitations related to CQI, SRS, SR, HARQ feedback and to the random access procedure are also required.
4
Conclusion
The following observations have been made:

Observation 1: because DRX cannot quickly alternate inactivity periods with periods of activity and cannot guarantee periods of inactivity, modifications to DRX are likely to be required in Rel-11.

Observation 2: modifying DRX complicates the isolation of IDC specific mechanism.

Observation 3: DRX alone is not enough to solve all IDC problems. Limitations to CQI, SRS, SR, HARQ feedback and to the random access procedure are also required.

In summary, existing DRX cannot be used as such for IDC. Even a modified DRX would not be able to handle all aspects that must be addressed for IDC problems to be solved. Therefore, a single solution not only solving all IDC problems but also simplifying both eNB and UE implementation is preferable: a solution relying on a gap patterns, and treating each gap as measurements gaps [10].
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