
3GPP TSG-RAN WG2#75                                   R2-114105
Athens, Greece, August 22-26, 2011

Source: 

Sharp
Title:
Performance analysis of DRX-based TDM solutions for IDC
Agenda Item:

7.7.2
Document for:
Discussion and Decision 

1 Introduction

In RAN2 #74 [1], an analysis was provided of throughput that may result when a DRX type method as applied as an IDC TDM -based solution [2]. In that analysis a resultant throughput reduction of 86%   (that is, to 14% of throughput assuming no interference) was shown. In this contribution we revisit some of the assumptions used to make that claim and provide our own analysis of throughput.  We recommend that this analysis be considered in assessing the throughput of DRX-based solutions. 
2 Analysis of TDM based solutions.
In the example DRX solution in [3], the UE is configured with a 128ms DRX cycle and a drx-OnDuration of 50ms as in Figure 1. During the inactive period the eNB does not allocate UL or DL resources to the UE, nor does the UE perform any UL transmissions such as SR or RA preamble. 

In  [2] the following analysis was made based on the DRX solution in [3]:

· After the DL transmission, the UE waits for the HARQ RTT timer (8 ms) and after that, if the DL transport block is not decoded correctly, the UE is active over drx-RetransmissionTimer.  The value of drx-RetransmissionTimer is assumed to be 8 ms to enable retransmissions in some special cases, e.g., after the measurement gaps. All together the UE can be active 8+8=16 ms after the DL transmission, even not continuously.

· After the UL transmission, the UE needs to monitor potential UL retransmission grants. These adaptive grants can occur every 8 ms until the maximum number of UL HARQ transmissions is reached. Assuming the maximum number of the UL transmissions is 5, the UE could be active 8*5=32 ms after the initial grant, even not continuously.  One could configure the maximum number of retransmissions to a very low number but then the coverage would be impacted greatly.

Taking the potential UL and DL retransmissions into account, with the current proposal, Active time can only be limited to 50 ms if the UE is scheduled only during the first 18 ms of OnDurationTimer. If the UE is scheduled beyond these 18 ms, the retransmission grants will cause the UE to be active for a longer time. It should be noted that the DRX MAC CE 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 the periodicity of 128 ms, the UE throughput drops to 14% which is not acceptable.

However, as noted in [2] the maximum number of uplink transmissions is set to 5, but such a high level of redundancy may not be necessary for the majority of UEs not at the cell edge. Therefore we provide a throughput analysis using a maxHARQ-Tx value of 4 and 3 to provide an alternate perspective.
In Figure 1 we reproduce what we take to be the scenario mentioned in [2].  We see that for a maxHARQ-Tx value of 5 the throughput reduction was taken to be 14%, as the first of the 32ms of all uplink (re)transmissions must take place within the first 18ms of the 50ms window, and [2]compares the 18ms window for the first transmission to all of the 128ms drxCycle. 
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Figure 1 DL/UL Transmission Sequence used in [2].

Using the same reasoning as before we determine that for a maxHARQ-Tx value of 4 the throughput is 20.3% of the interference-free case, as illustrated in Figure 2.
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Figure 2 DRX TDM with 4 transmission attempts
If only two retries are needed then the throughput would be improved to 26.6% of the interference free case, as illustrated in Figure 3. 
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Figure 3 DRX TDM with 3 transmission attempts
3 Other Considerations

We would be remiss in not pointing out several other considerations that might be invoked to mitigate the issues of throughput loss for TDM/DRX based solutions:

· It should be pointed out that usage of the drx-Inactivity interval, as applied for Rel-8/Rel-9 in fact limits the transmission times available to be less than 128ms out of a 128ms drxCycle.
· Several UEs may still use the same band and resources with staggered drxCycles, so these time/frequency resources may be multiplexed amongst them. Thus system throughput would not necessarily be adversely affected, even though an individual UE’s throughput with TDM-DRX mechanisms for ISM band coexistence might decrease.
· For the LTE + WiFi portable router scenario (“Scenario 2”), [3] states that, “Since LTE has typically lower data rate than the WiFi link, the LTE scheduling periods should be longer than the unscheduled periods in order to achieve roughly the same throughput on both links.” Too, for the WiFI offload scenario (“Scenario 3”), [3] states that “The ratio of the scheduling and unscheduled periods should be aligned to the ratio of the volume of non-offloaded and offloaded traffic.”  Taken together (and keeping the considerations of [4] in mind) it would seem that some adjustment to the scheduling and unscheduled periods outside of the examples given in 5.2.1.2.1 [3] of  might provide greater bandwidth efficiency than the analysis provided here. For example, for the LTE/WiFi portable router scenario, it may be possible to have the drx cycle be 70ms for the LTE scheduling period with an unscheduled period of 50ms (with an appropriate slight increase in the WiFi Beacon Interval to 120ms); this would increase throughput to 31.6% (as computed in the manner of [2]). This would then be an attractive alternative if FDM becomes difficult to do because of congestion outside of the vulnerable areas of Bands 7 and 40.
4 Conclusion 

In this contribution, we describe the impact on throughput when using DRX as a solution to mitigate In-device Coexistence Interference. We propose the following:

Proposal 1: RAN2 should take this analysis into account when considering DRX throughput. 
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