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1 Introduction

 At the last meeting, gap pattern based IDC TDM solution [1]

 REF _Ref320003841 \n \h 
[2] was suggested but disagreed. That would be because too restricted pattern of gap cannot cover ISM QoS sufficiently rather than DRX based solution. However, it showed points of how function to be enhanced on DRX based TDM solution.
1) Make in-acitivity duration (ISM transmission duration in IDC) be predictable in the existing DRX operation

2) The small increase of complexity on DRX enhancement for IDC operation

[3] seemed to introduce good exemplary approach for solving drawbacks on DRX based TDM solution – including small changes for enhancement and QoS consideration on UE implementation. In this contribution, with refering to [3], slight change of DRX specification and good UE implemenation regarding QoS will be suggested as baseline of enhancement on DRX based TDM solution.
2 Timer extending DRX Active Time
 In the existing DRX mechanism, Active Time is ranged by on-duration, which is defined by onDrationTimer, and can be prolonged by drx-inactivityTimer and drx-retransmissionTimer. Since it is hard to predict how long the Active Time is to be extended based on those kinds of timers, those timers should be set to 0. This enhancement can ensure in-acitivity duration for ISM transmission only by simple change, which means that there is no change in procedure and only additional value for timer parameter is required.
 If drx-retransmissionTimer is set to 0, some missing HARQ retransmission would result in system performance degradation. However, this degradation would not be critical. In long DRX cycle, the ofteness of missing HARQ retransmission seems to be negligible. And in short DRX cycle, serveral cases in different TDD configurations could be covered by DRX based TDM solution without critical HARQ process blocked[4].
 As for drx-inactivityTimer, value 0 have been already added in Rel-10 RRC spec [5]. Meanwhile, drx-retransmissionTimer has no ‘0’ as possible parameter value so that it would require a slight modification on current spec. Detailed signaling method would be stage-3 level discussion and FFS.
Proposal 1: drx-inactivityTimer and drx-retransmissionTimer should be set to 0. Detailed signaling methold would be stage-3 level discussion and FFS.
3 Short DRX cycle

 In order to achieve TDM based avoidance on the coexistence with BT, short DRX cycle was suggested [4], where 2ms or 5ms is representative as short DRX cycle. The short DRX cycle has some performance degradation due to HARQ process restriction on TDM configuration 0 or 6 [6]

 REF _Ref320006743 \n \h 
[7]. However, the degradation would be concluded not to be critical [8]. That is, short DRX cycle seems to be plausible solution on bursty traffic pattern like as voice communication via headset on the coexistence with BT.
 Meanwhile, existing short DRX cycle is applied only on configured number of period, which is defined as drxShortCycleTimer. The maximum number of drxShortCycleTimer is 16, and if short DRX cycle is 2 subframes, the whole duration of DRX based solution is 2×16 = 32 subframes. It seems to be very short time to operate IDC avoidance scheme. Hence, bigger number or infinite value would be needed for drxShortCycleTimer.
Proposal 2: Bigger number or infinite value should be required for drxShortCycleTimer.
4 RACH procedure

 There are six reasons for RACH procedure [9];
- Initial access from RRC_IDLE
- RRC Connection Re-establishment procedure
- Handover
- DL data arrival during RRC_CONNECTED requiring random access procedure. E.g. when UL synchronisation status is “non-synchronised”
- UL data arrival during RRC_CONNECTED requiring random access procedure. E.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.

- For positioning purpose during RRC_CONNECTED requiring random access procedure. E.g. when timing advance is needed for UE positioning;
 Basically, in existing specification, DRX cannot affect RACH procedure because Msg1 (Preamble) cannot be prohibited and Msg2 (RAR) is scrambled by RA-RNTI (this RNTI is out of scope in DRX operation). With regard to RACH procedure in IDC DRX, it seems to be too complex to decide which reason is important in standard. Thus, we prefere that the initialization of RACH procedure is up to UE and network implementation. For example, UE would compare QoS on ISM and LTE side so as to initialize RACH procedure and network would avoid PDCCH ordering durting non-Active Time [3].
 However, only if RACH procedure is initialized, it should be secured from ISM transmission. Simple approach is autonomous denial scheme. Additionally, partially autonomous denial scheme would be also possible. Partially autonomous denial scheme is target to receive PDCCH safely in LTE side by ISM autonomous denial, and PDSCH receiption at the same subframe is selectively protected according to the corresponding PDCCH including the appropriate RA-RNTI (linked to Msg1 transmisson). If RAR has been already successfully received, following subframes within RAR window need not to be conserved by ISM denial because there would be no RAR MAC CE during subframes. The possiblity of this operation would depend on UE implemenation.
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Figure 1: Partilly autonomous denial scheme during RACH procedure
Proposal 3: The initialization of RACH procedure during DRX off-duration is upon to UE and network implementation based on the comparison between QoS in ISM and LTE side.

Proposal 4: UE should autonomously deny ISM transmission in order to ensure RAR reception with at least short time gap for PDCCH duration.
5 SR handling
In the existing DRX, Active Time can be extended until SR pending does not exist. However, for predictable DRX pattern, Active Time in IDC DRX would not be extended even though SR pending exists. This restriction would cause some performance degradation on LTE side but proper TDM pattern suggestion by UE could compensate loss. Further, UE could send another IDC assistant information to include updated TDM pattern for resolving pending SR.
Considering no extension by pending SR in IDC DRX, one concern point is the initiation of RACH procedure due to SR pending overflowed. According to current SR procedure, at each TTI, SR pending situation is counted by SR_COUNTER if there is no valid PUCCH resource for SR. And if SR_COUNTER is higher than dsr-TransMax level, RACH procedure is intiated in order to resolve pended SR. In the existing DRX, because SR pending extend Active Time, there is no pended-SR counting due to non-Active Time. Meanwhile, considering IDC, if no extension by pending SR is applied, additional pended-SR counting due to non-Active Time would be predicted. This would cause more RACH procedure for resolving SR pending and the time resource loss would be burden.
With regard to the time loss due to RACH procedure by additional count by non-Active Time in IDC DRX, it would be requied to enhance SR_COUNTER. For simplicity, we suggest SR_COUNTER is counted only on Active Time in IDC DRX operation. That is, during non-Active Time, SR_COUNTER does not increase each TTI even though SR pending exists. This solution would cause performance degradation due to delayed pended SR but no additional loss by RACH procedure would occur.
On the other hand, SR transmission could be allowed even during non-Active Time. This information could be used by network to determine DRX configuration change or UL grant on next Active Time period. SR transmission would be determined by UE to consider the loss of ISM QoS.
Proposal 5: In IDC DRX, Active Time should not be extended by SR pending. And SR_COUNTER should not increase during non-Active Time even though pended SR exists.

Proposal 6: SR transmission could be allowed even during non-Active Time.
6 CQI masking
 In the existing DRX, if CQI masking (cqi-Mask) is setup by upper layer, CQI/PMI/RI/PTI transmission on PUCCH is allowed only while onDurationTimer is running [10] . This CQI masking could be reused for IDC DRX operation with predictable period [3].
Proposal 7: In IDC DRX, CQI masking should be setup for predctable Active Time.

7 SPS transmission

 In the existing DRX, SPS transmission would be allowed even during non-Active Time. For this transmission, UE could use autonomous denial scheme if ISM QoS degradation is prevented.
Proposal 8: In IDC DRX, SPS transmission during non-Active Time could be denied in order to prevnet QoS degradation in ISM side.

8 Conclusion

Following proposals is suggested in this paper;

Proposal 1: drx-inactivityTimer and drx-retransmissionTimer should be set to 0. Detailed signaling methold would be stage-3 level discussion and FFS.
Proposal 2: Bigger number or infinite value should be required for shortDRX-Cycle.
Proposal 3: The initialization of RACH procedure during DRX off-duration is upon to UE and network implementation based on the comparison between QoS in ISM and LTE side.

Proposal 4: UE should autonomously deny ISM transmission in order to ensure RAR reception with at least short time gap for PDCCH duration.
Proposal 5: In IDC DRX, Active Time should be extended by SR pending. And SR_COUNTER should not increase during non-Active Time even though pended SR exists.

Proposal 6: SR transmission could be allowed even during non-Active Time.
Proposal 7: In IDC DRX, CQI masking should be setup for predctable Active Time.
Proposal 8: In IDC DRX, SPS transmission during non-Active Time could be denied in order to prevnet QoS degradation in ISM side.
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