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Introduction
LTE DRX has been designed to work well with VoIP services as well as data services. However, it turned out to be not as efficient with VoIP application as expected. Proposals were made last meeting to enhance the DRX efficiency. Since the inefficiency comes from different aspects, it is desirable to discuss the issue with every aspect in the table.
This contribution analyze the DRX operations in conjunction with VoIP. It is proposed to discuss the issue and make a decision on how to ehance it in REL-9.
Analysis
Figure 1 shows the active times when VoIP is running.


Fig. 1
As one can see active times per VoIP packet transmission are;
· The period between the moment SR is triggered due to VoIP packet arrival to the moment D-SR is sent. (Denoted A in the figure)
· The period between the moment D-SR is sent and the moment uplink transmission takes place. (Denoted B in the figure)
· The periods when uplink grant for the pending retransmission can take place. (Denoted C in the figure)
With the assumption that VoIP packets arrive every 20 msec and uplink tranmsission every 20 msec, the length of period A can be approximated as below.
LengthA = P[SR trigger takes place before the lastD-SR occassion before the next UL transmission] x  SRperiodicity/2 
The length of period B can be approximated as below.
LengthB = P[n D-SR occassions before the next UL transmission] x ((n-1) x SRperiodicity+ k), k is the distance between the last D-SR occasion and the next uplink transmission
The length of period C can be approximated as below.
LengthC = (m+1) x 1 msec, m is the maximum number of HARQ retransmissions 
The probability above is different depending on the location of SR occassions. To see how much active time is contributed by each period per 20 msec, let’s see specific cases.


Fig 2. SRperiodicity = 10 msec, l = 5 msec 
In the case depicted in the figure 2, LengthA can be calculated as below.
· The probability that SR is triggered in period 1 is 0.25. The average delay until the closest SR occasion is 2.5 msec. 
· The probability that SR is triggered in period 2 is 0.5. The average delay until the closest SR occasion is 5 msec.
· The probability that SR is triggered in period 3 is 0.25, but the triggered SR may or may not be cancelled at the UL transmission, because the uplink transmission may or may not include BSR due to BSR build-up delay. Just for simplicity, let’s assume that SR is not canceled. Then the average delay until the next SR occasion is 0.25 x 7.5 = 1.875 msec 
· Then the result is  0.25 x 2.5 + 0.5 x 5 + 0.25 x 7.5 = 5 msec.
LengthB can be calculated as below.
· The probability that SR is triggered in period 1 and SR is sent at the first SR occassion is 0.25. LengthB in this case is 15 msec. 
· The probability that SR is triggered in period 2 and SR is sent at the second SR occassion is 0.5. LengthB in this case is 5 msec. 
· The probability that SR is triggered in period 3 is 0.25 and SR is sent at the first SR occassion of the next cycle. LenghB in this case is 15 msec.
· Then the result is 0.25 * 15 + 0.5 * 5 + 0.25 * 15 =10 msec


Fig 3. SRperiodicity = 20 msec, l = 10 msec 
In the case depicted in the figure 3, LengthA is 0.5 x 5 + 0.5 x 15 msec = 10 msec. LengthB is 0.5 x 10 + 0.5 x 10 = 10 msec. Assuming maximum number of HARQ retransmission is 4, LengthC = 5 msec.
Table 1 captures above calculation.
	
	LengthA
	LengthB
	LengthC

	CASE 1 in fiugre 2
	5 msec
	10 msec
	5 msec

	CASE 2 in figure 3
	10 msec
	10 msec
	5 msec



One can note that LengthB can be reduced by locating SR occassions close to the uplink transmission timing, but this in turn increase the LengthA. 
Discussion
Above problems have been discussed and number of solutions have been proposed.
· Solution type A to reduce the LengthA: To change the definition of the active time for the pending SR such that active time starts after SR is sent over PUCCH. [1]
· Solution type B to reduce the LengthA + LengthB: To suppress SR transmission when UL SPS is configured. [2][3]
· Solution type C to reduce the LengthC: To disable (or modifying the rule of) adaptive retransmissions for the uplink transmission over UL SPS. [4][5][6]
In case of supporting VoIP without UL SPS, the second and the third solutions are useless. The best DRX performance for non-SPS case comes when following conditions are met.
· Solution type A is implemented.
· There is at most one SR occassion between UL transmissions, and the D-SR occassion is 5 subframes before the uplink transmission. (Assuming ENB schedules UE right after it receives D-SR)
Then 10 subframes out of 20 subframes (5 subframe for LengthB and 5 subframes for LengthC) are required for pending SR and for pending HARQ retransmission.
In case of supporting VoIP with UL SPS, the best DRX performance is achieved with the solution type B and type C such that n(UL HARQ operating point) subframes out of 20 subframes are required for pending HARQ retransmission. 
Since all solutions provide their own benefits, combining them provides summed gain. Table 2 shows the best DRX performance with the combination of the solutions 
<Table 2>
	
	Best DRX performance (a/b means that a subframes out of b subframes are in active time due to pending SR and HARQ retransmission.)

	Solution type A
	Non SPS : 10/20 (5 for LengthB, 5 for LengthC)
SPS :6/20 (if SR is located right before the uplink transmission, LenghtB is 1)

	Solution type B
	Non SPS : no enhancement. (can be as bad as 20/20. can be as good as 10/20) 
SPS : 5/20  (LengthB is 5)

	Solution type C
	Non SPS : no enhancement. (can be as bad as 20/20. can be as good as 10/20) 
SPS : (n+1)/20 (n is UL HARQ operating point. LengthC = n, LengthB=1)

	Solution type A + B
	Non SPS: 10/20 
SPS: 5/20 

	Solution type B + C
	Non SPS : no enhancement. (can be as bad as 20/20. can be as good as 10/20) 
SPS : n/20 (n is UL HARQ operating point)

	Solution type A + C
	Non SPS : 10/20 
SPS : (n+1)/20 (n is UL HARQ operating point.)

	Solution type A + B + C
	Non SPS : 10/20 
SPS : n/20



Following observations are made.
· Solution type A provides gain both for SPS and non-SPS if D-SR occassions locates in the right place. This implies that D-SR reconfiguration might be necessary at VoIP start-up if solution type B is not configured together.
· The benefit of solution type B is achievable by locating D-SR occassions in the right place.
· Without solution type C, the best performance is limited to 5/20.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal
From the analysis/discussion, we come to the conclusion that following combinations would be the ones to be considered. 
	
	Pros
	Cons

	Solution type A
	· Simplest
· Decent performance (10/20 for non-SPS, 6/20 for SPS)
	· D-SR periodicity should be equal to or larger than UL tx transmission periodicity
· D-SR location should be as close to UL transmission as possible.

	Solution type A + C
	· Decent performance (10/20 for non-SPS, (n+1)/20 for VoIP)
	· D-SR periodicity should be equal to or larger than UL tx transmission periodicity
· D-SR location should be as close to UL transmission as possible.

	Solution type B + C
	· Best performance for SPS (n/20)
· No restriction on D-SR configuration
	· No enhancement for non-SPS

	Solution type A + B + C
	· Best performance both for SPS (n/20) and non-SPS (10/20)
· No restriction on D-SR configuration
	· Most complicated



To make the choice, followings can be considered.
· If restrictions on PUCCH configuration is not acceptable, solution type B should be included. If acceptable, solution type B is not needed.
· If the performance limit of 5/20 is not acceptable, solution type C should be included. If acceptable, solution type C is not needed.
· Solution type A is far simpler than solution type B or C. If the DRX performance of 6/20 and restriction on PUCCH are acceptable, solution type A would be enough.
It is proposed to discuss the issue and make decision. 
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