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1 Introduction

LTE Rel 8/9 DRX mechanism has been identified as a technique to allow TDM between LTE and ISM traffic for in-device coexistence scenarios. One of the agreements captured in Stage 2 document [5] is the following -
“DRX based TDM solution should be used in a predictable way, i.e. the eNB should ensure a predictable pattern of unscheduled periods by means of existing DRX mechanism.”

Another statement also mentioned is -

“It is FFS whether additional parameter values should be introduced to the DRX based solution.”
In this contribution, we provide the areas that need to be addressed in Rel 8/9 DRX procedure to ensure predictable patterns. First, we establish the need to introduce additional parameter values to the DRX based solution. Second, we mention that the assistance information from UE should include suggestion of certain DRX parameters for use with IDC. Finally, we show that a modification to UL HARQ behaviour in current DRX procedure will make the TDM solution predictable and also very efficient.

2 DRX changes 

Currently, DRX is considered for both long-term TDM and short-term TDM. The long-term TDM corresponds to onDuration in the range 10-100 ms and DRX cycles in the range of 30-130ms. Long-term TDM is sufficient for LTE+BT A2DP, LTE+WiFi offload and LTE+MiFi use cases. Short-term TDM corresponds to time sharing in the order of a few ms between LTE and ISM. A basic requirement for the used subframes in LTE is that they should be HARQ compliant [2]. The short-term TDM is needed for the LTE+BT voice use case. The mechanism of short DRX cycles is proposed to be used for this short-term TDM solution. The onDuration for short-term TDM is expected to be in the range 1-6ms and DRX cycles in the 2-10ms range. The following are the changes that are needed to guarantee predictable and efficient TDM patterns using DRX.
Additional Parameter values 
· drx-RetransmissionTimer: As mentioned in [1], the new value of 0 must be added to the spec. It is needed for short-term TDM as discussed in [3] in order to obtain the proper gap pattern. For long-term TDM, it is needed to enable sharp transition from active to inactive times as explained further in Section 2.3. The need for value of 0 for long-term TDM is also mentioned in [6].
· drx-InactivityTimer: The value of 0 must be supported for both long-term and short-term TDM. This value is not included in Rel 8/9 but is available in Rel 10.
· shortDRX-Cycle: The value of 4 must be added to support 2ms ON 2ms OFF short-term TDM pattern shown in [2] for LTE in FDD. Also, so far we have only shown the feasibility of short-term DRX for some 10ms gap patterns and a 60ms gap pattern (which needs new 60ms shortDRX-Cycle) for one TDD Configuration 6 scenario (i.e. Master but not Slave). If new patterns are needed, then we need to ensure they can be supported by existing or new DRX parameters.
· longDRX-CycleStartOffset:  The WLAN beacon periodicity is 102.4ms which is not aligned with any of the values of DRX cycle for long-DRX. The nearest DRX cycle value is 128ms. With this value, the phase of the beacon within the LTE DRX timeline will shift by about 128-102.4=25.6ms each DRX cycle. With an onDuration of 50ms and DRX cycle 128ms, any time a beacon overlaps with the inactive time of LTE in a DRX cycle it will end up overlapping with LTE active time in at most 3 DRX cycles. Instead, if a new DRX cycle of 102ms is introduced, the beacon can continue to overlap with LTE inactive time for about 200 DRX cycles which is almost 25s. After 25s, eNB can reconfigure DRX phase either autonomously or based on UE request to ensure beacon again overlaps with LTE inactive time. It can be discussed whether any other number can be chosen that achieves the same purpose for the LTE+WiFi offload use case.
· drxShortCycleTimer: A new value can be used to indicate that UE must not transition from using short DRX cycles to using long DRX cycles even if there is no traffic for some time. This is primarily needed for short-term TDM. An alternative mentioned in [1] is for the eNB to send some short packets before expiration of drxShortCycleTimer but this involves unnecessary signalling, wastes resources and may not be reliable with link errors.  
Proposal 1: Agree in Stage 2 document that additional parameter values as described in this Section must be introduced to the DRX based solution 
DRX parameter request procedure

The IDC indication from the UE should contain a recommended set of DRX parameters so that the required TDM pattern can be obtained from eNB. For short-term TDM, this includes indication of drxStartOffset, onDuration, and DRX cycle values. Some of the other timer values such as inactivity and retransmission timers can be set to 0 by eNB since it knows that DRX is being used for coexistence. For long-term TDM in the LTE+WiFi offload use case, a request of the drxStartOffset along with the new DRX cycle value mentioned in Section 2.1 is useful in making sure that beacon always overlaps with LTE inactive time.
Proposal 2: The request of DRX parameters from UE should be supported as assistance information from UE to eNB.
HARQ behaviour during LTE ON to OFF transitions 
It has been mentioned in [1] that a proper choice of DRX settings is enough to get good LTE performance. However, this is not true in all cases. In fact, the suggested modification of changing maximum HARQ transmission is unnecessarily restrictive. 
The example in [1] considers a DRX cycle of 128ms with active time limited to 50ms. In the default configuration, maximum of 5 HARQ transmissions is assumed. The actual available time is then only 50-4*8=18ms so that the UE does not transmit beyond the active time. In the IDC tuned DRX configuration, the maximum HARQ transmission number is changed to 3 so that the available time is 50-2*8=34ms. An IDC optimized DRX mechanism is considered wherein the eNB can use the entire 50ms and send a specific MAC CE that forces UE to sleep and ignore potential HARQ retransmissions. This would require a specification change since the currently available DRX Command MAC CE only stops onDuration and inactivity timers but does not change DRX HARQ retransmission behaviour. The available data rate for the three schemes were summarized in a table in [1] which is reproduced here in Table 2‑1. Note that the available data rate for UL in all schemes will be lower because the first four subframes of active time cannot carry any UL traffic.
Table 2‑1: Analysis of DRX example in 36.816 TR

	Case
	UE available data rate (expressed as a ratio from maximum)
	Data loss rate at HARQ level
	Standardization impact on DRX and HARQ

	Default DRX configuration
	14%
	Close to 0%
	No

	IDC tuned DRX configuration  
	33%
	1% in UL and DL
	No

	IDC optimized DRX mechanism
	39%
	Depends on the solution and scenario
	Yes


It is argued in [1] that the benefit of IDC optimized DRX mechanism over IDC tuned DRX configuration is not much as seen in Table 2‑1. However, the conclusion can be different when other TDM patterns are considered. Consider the LTE+MiFi use case which can require about 30ms ON 30ms OFF pattern for simultaneous traffic as mentioned in [4].  For this shorter active time, the tuned DRX parameters cannot support more than 3 HARQ transmissions. An example with a maximum of 2 HARQ transmissions is shown in Figure 2‑1. 
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Figure 2‑1: IDC tuned DRX parameters with maximum HARQ transmissions restricted to 2

It can be seen that the available time is only 18ms out of 64ms which leads to 28% available data rate. There are two problems with this scheme. The first is that a lot of time before the end of onDuration is wasted. The second is that the restriction of max number of HARQ transmissions reduces the flexibility for the LTE link in deployment. It may be beneficial to use higher number of HARQ transmissions for better reliability or coverage. The IDC optimized DRX mechanism in [1] can use more resources. If the MAC CE is sent four subframes before the end of onDuration, 26ms of UL can be used which leads to 41% available data rate. This is a 44% improvement over parameter tuning which is a significant gain. 
Proposal 3: IDC tuned DRX configuration is not enough to efficiently support long-term TDM solutions and an IDC optimized DRX mechanism is needed
However, IDC optimized DRX mechanism as proposed in [1] still has some issues. If the subframe carrying the MAC CE from eNB is in error, the UE can be active for more than 30ms. Additionally, the specification change needed to ignore HARQ retransmissions will still affect link performance since some packets don’t get all retransmission opportunities. 

The above problems can be mitigated by allowing the UE to transmit up to the last subframe of the onDuration. However, the retransmissions of the last packet can continue in the active time of the next DRX cycle. In this way, the maximum possible subframes of the active time are used and there is also no need to place a restriction on the number of HARQ transmissions. This is shown in more detail in Figure 2‑2. The useful time is still 26ms but it is more reliable since UE can use all HARQ retransmissions for all packets. The available data rate is still 41% compared to 28% for DRX parameter tuning.
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Figure 2‑2: Improved LTE performance using DRX
It is assumed that the eNB does not send UL grants in the last four subframes of the active time shown so that there are no PUSCH transmissions beyond the active time. Similarly, the eNB must ensure that there are no DL grants in the last four subframes, so that there is no need for the UE to send ACK on PUCCH beyond the active time. This can also alternatively be achieved by setting onDuration to 26ms and both drxInactivityTimer and drxRetransmissionTimer to 0 since the UE will then not expect any new DL/UL grants from 26 to 30ms and does not need to stay active for DL retransmission grants from 30 to 34ms. Since the DL retransmissions are asynchronous, they can be scheduled in the active time of the next DRX cycle. The advantages of the proposed scheme over the IDC optimized scheme in [1] are that any number of HARQ transmissions can be supported which improves link reliability and the TDM scheme also becomes predictable since it does not rely on the reception of any MAC CE from the eNB.
Note that a similar behaviour of DL and UL HARQ across inactive time is also assumed for measurement gaps which is already part of the specification. The difference here is that the longer inactive times don’t cause packets to be in error since retransmissions are always resumed in the next DRX cycle. We may only need to add an indication in the DRX configuration from eNB that this mechanism is being used for IDC. 
Proposal 4: Modifications to UL HARQ behaviour in Rel. 8/9/10 DRX mechanism which allow UE to go to sleep after onDuration even if retransmissions are pending and allowing those retransmissions to take place in the next DRX cycle should be considered 

3 Conclusion

In this contribution, we have addressed the changes in Rel 8/9 DRX procedure needed for application to IDC. We pointed out the additional DRX parameter values that are essential for achieving TDM patterns. Some of these parameters should also be suggested by UE to eNB in its assistance information. Finally, we presented an evaluation to show that a modification to HARQ behaviour with DRX can make the TDM patterns much more efficient while still being predictable.
Proposal 1: Agree in Stage 2 document that additional parameter values as discussed in Section 2.1 must be introduced to the DRX based solution 

Proposal 2: The request of DRX parameters from UE to eNB should be supported as assistance information for TDM solutions for IDC
Proposal 3: IDC tuned DRX configuration is not enough to efficiently support long-term TDM solutions and an IDC optimized DRX mechanism is needed
Proposal 4: Modifications to UL HARQ behaviour in Rel. 8/9/10 DRX mechanism which allow UE to go to sleep after onDuration even if retransmissions are pending and allowing those retransmissions to take place in the next DRX cycle should be considered
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