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1 Introduction
In [1], some concerns of DRX mechanism as a solution for IDC interference avoidance were presented. Especially, it was stated that the following issues can be problematic for DRX mechanism:  
1)
it cannot quickly alternate inactivity periods with periods of activity;

2)
it cannot guarantee periods of inactivity.
In this contribution, we discuss how those limitations can be solved without modifying the existing DRX. We also compare the DRX mechanism with the IDC gap mechanism as suggested in [2] for solving IDC interference. Both short gaps for BT voice usage scenario as well as long gaps for WiFi usage scenario are considered. We suggest also a way forward in the conclusion section.

2 Discussion
2.1 Alternating between inactivity and activity periods

In the IDC interference avoidance solution, it is desirable that LTE active and inactive periods alternate quickly without long transition periods so that resources can be utilized efficiently.  
For short term gaps used for the BT voice scenario, active and inactive times change per subframe basis. If the desired gap pattern is HARQ compliant, this quickly alternating pattern can be achieved with DRX mechanism by utilizing the fact that in legacy DRX, active and inactive time follows HARQ timing already now.  Suitable DRX configurations for BT voice are demonstrated e.g. in [4] and [5]. 

In long term gaps used for LTE + WLAN coexistence, rather long LTE active time is followed by inactive time. Due to pending HARQ retransmissions, transitions between activity periods and inactivity periods are not sudden. However, transition time can be shortened by appropriate configuration for the maximum number of UL retransmissions and a short value for drx-retransmission timer.  
2.2 Guaranteed periods of inactivity
Some concerns have been raised e.g. in [1] and [3] that the DRX solution cannot provide guaranteed periods of inactivity in LTE side. In [2], it has been stated that IDC gaps being similar to measurement gaps would be more predictable. However, DRX can be configured to be predicable as well:

· When drx-InactivityTimer is configured to 0 ms, UL/DL scheduling assignment does not extend DRX active time dynamically. This configuration is available in LTE Rel-10.
· When drx-RetransmissionTimer is configured to 0 ms, DL retransmissions are not performed 8 ms after initial transmission but in the beginning of next OnDuration.

· The short gap patterns discussed in earlier contributions [4] and [5] are aligned with UL HARQ RTTs. It means that if the initial UL transmission is done during LTE active time, also the retransmission takes place during LTE active time. Also the adaptive UL retransmission grants occur during active time. 
· The long gap patterns for WiFi offloading case are not necessarily HARQ compliant. As discussed in the previous section, to limit the number of UL retransmissions extending active time, it is possible to configure a low value for the maximum number of HARQ retransmissions. In addition, the network should not schedule new data during the time when active time is extended due to pending UL retransmissions. When all pending UL HARQ processes have expired and corresponding UL HARQ buffers are flushed, the UE knows that no more data is expected until the next OnDuration. This level of predictability is sufficient for WiFi offload scenario.
A DRX configuration with long OnDuration and short drx-InactivityTimer is not optimal as regard to battery efficiency. However, battery performance can be improved by configuring both short and long DRX cycles. When there is no traffic to be transmitted, the UE would be in long DRX and would be able to save batteries. After that, when new data arrives, the UE starts to follow short cycles again.  Because onDurations of short and long cycles are synchronized, there is no risk that LTE will interfere with ISM due to changes from short cycles to long cycles and vice versa.
2.2.1 SR on PUCCH
In the legacy DRX mechanism, the UE may trigger SR at any point of time. When the SR is sent on PUCCH, the UE is not in DRX anymore. In contrast, in the proposed IDC gap mechanism, the UE would not monitor PDCCH during the gaps. 

There are different alternatives how to solve unexpected active time due to triggered SR on PUCCH in the legacy DRX mechanism: 

· The network configures PUCCH resources that they do not collide with expected inactive time, if possible.

· The network can configure the UE without SR resources and use pre-scheduling instead.

· In the case of voice conversation, the network can configure the UE with the SPS + SR-mask.

It should also be noted that in some traffic profiles, SRs are not very frequent. Additional interference due to rarely occurring SR transmission over one RB pair could be acceptable.
2.2.2 DRX and CQI reporting

In contribution [5], it was discussed how to handle uplink control signalling with DRX solution. Here we explain how the issues listed in the contribution can be solved.

· Periodic CQI reporting on PUCCH. In some TDD and DRX configurations, none of the UL subframes collides with DRX active time, which means that the UE is never transmitting CQI. This issue can be solved by using aperiodic CQI, which is triggered by uplink grants and transmitted irrespective of DRX active time.

· Periodic SRS in uplink. Similar to previous case, instead of periodic SRS, it is possible to use aperiodic SRS triggered by the eNB. In Rel-10 DRX, only periodic, type-0-triggered SRS transmission is masked with DRX active time.

The measurement for CQI report is done 4 ms in advance of corresponding CQI report transmission. If the subframe granting a CQI report on PUSCH is part of active time, also the subframe when measurement is done is part of active time. Similarly, for CQIs in PUCCH, the timing between active time and PUCCH resource for CQI can be aligned.
Observation 1: With proper DRX, HARQ, SR and CQI parameter configurations, the gaps provided with DRX mechanism are predictable

2.3 Random access procedure

Unexpected trigger of RA procedure needs to be considered both in DRX and IDC gap solutions. In the IDC gap solution as presented in [2], the UE is allowed to delay random preamble transmission, but not the RA Response reception or reception of Msg4 during the contention resolution timer. In many cases it can be that even the random access preamble is sent during active time, the RA procedure is not completed during active time. So, inactive time is not fully guaranteed in the IDC gap solution, especially when the IDC gaps are short.
Observation 2: Inactive time is not fully predictable in the IDC gap solution due to PDCCH monitoring during RA process.
Triggers for the RA during RRC_CONNECTED are:

· Data arrival to the UL buffer when the UE is un-synchronized

· Network initiated RA with PDCCH order e.g. when there is new DL data arrival for the UE, but the UE is unsynchronized

· RA during handover procedure

In the first case, delaying of RA preamble transmission over a long period might be harmful if the UL data includes important signalling data (e.g. measurement report). Delaying measurement report can easily lead to radio link failure. Delaying RA due to normal priority data is more acceptable but this can be done in UE implementations of higher layers by delaying data arrival to UE’s PDCP buffer. 
Timing of the network initiated RA can be controlled by the network in such away that preamble transmission does not collide with the inactive time. 

Finally, RA during the handover procedure should be considered as high priority signalling that should be sent in LTE side irrespective of ISM traffic. Delaying of RA can lead to radio link failure. 
Proposal 1 Changes to RA triggering in the UE should be avoided
2.3.1 Enhancements for DRX

So far it is not clear that any enhancement for legacy DRX mechanism is needed for the IDC. However, if there is some enhancement that is beneficial for all UEs, this could still be considered. 

Proposal 2 Consider enhancements for DRX only if they are beneficial for all UEs
In [6], we have proposed to limit the time the UE needs to monitor PDCCH due to pending SRs. In the contribution, it is shown that with the enhanced mechanism, the DRX active time for VoIP traffic can be reduced up to 50%. Even though IDC interference could be solved without this enhancement, the enhancement could be considered in the IDC context as well since it gives an efficient tool to limit unpredictable DRX active time without impacting so much other parameter configurations. 
2.4 Overall comparison
Here we summarize the pros and cons of different alternatives.
	
	Pros
	Cons

	DRX solution
	Already specified, implemented, tested

Scheduling restrictions in the eNB already existing
There are already wide range of parameters giving possibility to obtain different kind of gaps
	With long term gaps, transition from Active time to Inactive time not sharp due to pending UL retransmissions

Limiting active time due to pending SR needs special PUCCH configuration or pre-scheduling

	IDC gap solution
	Gives predictable behaviour without further limiting other configurations.
Can re-use measurement gap solution on MAC layer.


	Measurement gaps have length of 6 ms and periodicity of 40ms/80ms. Longer gaps (and consequences) have not been studied
New scheduling restrictions need to be introduced
Two different solutions needed for DL+UL gaps or UL gaps only. Pure UL gaps do not exist in the standard yet.


IDC gap solution looks straightforward from the MAC specification point of view since the measurement gap solution can be reused. However, current measurement gaps have a maximum length of 6 ms whereas IDC gaps can be much longer. Performance impacts of longer gaps have not been evaluated. Longer gaps may lead to an increase of radio link failures due to delayed HO signalling. In addition, measurement requirements do not exist for longer gaps whereas variable DRX configurations have been taken into account in the RRM measurements. 
3 Conclusion
In this contribution, we have evaluated legacy DRX mechanism and IDC gap mechanism. We have made the following observations and proposals: 

Observation 1
With proper DRX, HARQ, SR and CQI parameter configurations, the gaps provided with DRX mechanism are predictable
Observation 2 
Inactive time is not fully predictable in IDC gap solution due to PDCCH monitoring during RA process.

Proposal 3 Changes to RA triggering should be avoided
Proposal 4 Consider enhancements for DRX only if they are beneficial for all UEs
Based on analysis we propose the following way forward: 
Proposal 5 DRX is a sufficient and enough predictable solution to create short and long term gaps for IDC interference avoidance
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