Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #75
Tdoc R2-114329
Athens, Greece, August 22–26, 2011
Agenda Item:
7.7.2
Source: 
Ericsson, ST-Ericsson 

Title:  
Analysis of DRX solution for IDC interference avoidance
Document for:
Discussion, Decision
1 Introduction
In this contribution, we analyze Rel-8/9 DRX mechanism as a solution for in-device coexistence interference management. We highlight some challenges of the solution and discuss the impact of the solution on the LTE performance. Different alternatives to overcome challenges as well as text proposals to the technical report TR 36.816 are provided. 
2 Discussion
2.1 Performance evaluation of DRX solution
In the current TR [1], DRX gaps are proposed as one solution for interference avoidance. In the DRX solution example found in [1], the time is split to scheduled and unscheduled periods each having a length of 60 ms. In the TR, it is proposed to utilize Rel-8/9 DRX method without changes to obtain the desired activity/inactivity pattern. In the example, the UE is configured with the 128 ms DRX cycle and a very long drx-OnDuration timer of 50 ms. The only change to the specification would be that during inactive time, the UE would be allowed to delay the transmission of Scheduling Request on PUCCH or RACH. Thus the UE would not be scheduled during inactive period and this period could be used for ISM operations. 
There are some issues when using Rel-8/9 DRX mechanism directly. First, with current DRX mechanism, the UE needs to be active for potential uplink and downlink HARQ retransmissions: 

· After the DL transmission, if the received transport block is not decoded correctly, the UE waits for the HARQ RTT timer (fixed to 8 ms in FDD) and after that is Active over the drx-RetransmissionTimer.
· After the UL transmission, the UE needs to monitor potential UL retransmission grants. These adaptive grants can occur every 8 ms (in FDD) until the maximum number of UL HARQ transmissions is reached. 
Next, the impact of the DRX solution on the LTE performance is evaluated. We consider three different scenarios: 
1) LTE performance with typical DRX and HARQ settings 
2) LTE performance with optimized settings for IDC scenario 
3) LTE performance when the DRX protocol mechanism is optimized for IDC scenario.  
The evaluations here are performed for FDD but the results are similar for TDD. 
1) LTE performance with typical settings for DRX and HARQ
First, DL HARQ operation is considered: A typical value for drx-RetransmissionTimer is 16 ms, which is used also in conformance testing (TS 36.508). With this rather long value the network can detect if the UE has missed DL transmission and perform a retransmission within the UE’s Active time. Taking both drx-RetransmissionTimer and HARQ RTT timer into account, it means that the UE needs to be active 8 + 16 = 24 ms after the DL transmission. 

Secondly, UL HARQ operation is considered: The time the UE needs to monitor adaptive retransmission grants depends on the configured value for the maximum number HARQ transmissions (Information Element  maxHARQ-Tx in 36.331). Configuring a sufficient value for HARQ transmissions guarantees that packets are not lost at the HARQ level. Especially when considering UM bearers, such as VoIP, a too low number leads to data loss. For example, in conformance testing (TS 36.508) the parameter is set to 5. With this value, the UE is DRX Active even 8*4=32 ms after the initial grant.  
Taking the potential UL and DL retransmissions into account, with the current proposal, Active time limited to 50 ms implies that the UE can be scheduled only during the first 18 ms of the OnDurationTimer. It should be noted that the DRX MAC Control Element does not help because it impacts only drx-InactivityTimer and OnDurationTimer, not monitoring retransmissions. If the UE can be scheduled for the initial HARQ transmissions only during the first 18 ms of each 128 ms period, the UE available data rate drops to 14%.
2) LTE performance with IDC optimized settings for DRX and HARQ

It is possible to change DRX and HARQ settings in such away that the transition from the LTE active time to time reserved for ISM operations is shorter. For instance, one may set drx-RetransmissionTimer to 1 ms and maxHARQ-Tx to e.g. 2, providing opportunity for one downlink and uplink HARQ retransmission, correspondingly. With these values, the UE is in DRX state 8 ms after the initial grant for UL transmissions and 8 ms + 1 ms = 9 ms for DL transmissions. This means that the UE can be scheduled during the first 42 ms of the DRX cycle, implying that the UE available data rate drops to 33%. 

Shortening drx-RetransmissionTimer and decreasing the value for maxHARQ-Tx increases the data loss rate of the LTE link. Assuming 10% HARQ error target, with the above setting, the UL HARQ level data loss rate is 0.1^2 = 1%.  In the DL, if 1% PDCCH misdetection rate is assumed, also the DL data loss rate at the HARQ level is 1%, because after missed DL assignment, a retransmission cannot be done because the UE is in DRX already. For UM bearers this is rather a high error rate, but for AM bearers RLC retransmissions solves the problem.  The high error rate of UM bearers can be decreased by using more robust coding by the scheduler.
3) LTE performance with optimized DRX mechanism 

Modifications for Rel-8/9 DRX could be introduced to reduce the transition period from the Active state to the DRX state. For example, the eNB could send a specific MAC CE that enforces the UE to sleep and ignore potential HARQ retransmissions. Or it is possible to standardize that in certain conditions, the UE does not need to monitor adaptive retransmission grants or DL retransmissions. Assuming that with these changes state transitions occur immediately, say when 50 ms has passed from the beginning of the DRX cycle, and assuming that the DRX cycle is 128 ms, the UE available data rate drops from 100% to 50/128 = 39%. When this value is compared to the performance obtained with tuning DRX parameters, we can conclude that rather big changes to the DRX mechanism are not needed.  

As a summary, the performance analysis of three scenarios is depicted in Table 1. It should be noted that in addition to the performance losses listed in Table 1, there are some other protocol/performance impacts due to delaying SR on PUCCH or RACH during inactive time:

· The UE may delay transmission RLC acknowledgement. This lead to unnecessary RLC retransmission impacting the overall LTE performance.  

· The UE may delay other important (but not so frequent) signaling. For example, if the measurement report is delayed, this can lead to radio link failure because the handover to the neighboring cell is delayed. 

However, performance impact of these issues, even being important, is excluded from the above analysis.

Table 1 Performance analysis of DRX solution in the example WiFi offload scenario
	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


3 Conclusions and Proposals

In this contribution we have analyzed DRX solution in three different scenarios. In all scenarios LTE performance degrades due to time sharing with other technologies. Based on analysis, we also find that the performance in the scenario where DRX parameters are optimized for IDC case is close to the performance of optimized DRX mechanism.  
Proposal 1 Include the DRX performance analysis in TR 36.816.

Proposal 2 Throughput of LTE can be improved with parameter tuning and thus standard changes for Rel-8/9 DRX are not motivated in the WiFi offload scenario.
A CR capturing proposals above is given in [2].
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