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Discussion/Decision
1 Introduction

The optimization for the downlink to support VoIP with less L1/L2 control overhead was agreed last meeting. Then another topic to be handled is whether we need to enhance uplink also. In priniciple, saved downlink resources from L1/L2 control signaling optimization can be used for data transmission. Therefore it is critical to know how much saving can be achieved from the optimization. This contribution analyzes how many OFDM symbols are required for VoIP users if not optimized. From the analysis, we conclude that the potential gain from the uplink enhancement is considerable.    
2 Discussion
The number of L1/L2 control channels in fully dynamic scheduling is the number of TBs initially transmitted in a given TTI. n TBs exactly require n L1/L2 control channels. Let’s assume followings for analysis.
Number of uplink RBs = 25, Average HARQ operating point = 1.2
From the assumption the average number of uplink RBs used for the initial transmission is easily delivered to 20.8 (=25/1.2). Since the portion of VoIP users is something we can not estimate, we take 25%, 50% and 75% as sample values. Table 1 shows the average number of required L1/L2 control channels for VoIP scheduling when such portion of RBs out of total RBs are used fo VoIP.
<Table 1>

	Case 1: 25% capacity for VoIP

number of RBs for VoIP = 20.8 * 0.25 = 5.21
	Case 2: 50% capacity for VoIP

number of RBs for VoIP = 20.8 * 0.50 = 10.42
	Case 3: 75% capacity for VoIP

number of RBs for VoIP = 20.8 * 0.75 = 15.63

	Avg. # of RBs per TB
	Avg. # of  required control channels
	Avg. # of RBs per TB
	Avg. # of  required control channels
	Avg. # of RBs per TB
	Avg. # of  required control channels

	1.00
	5.21
	1.00
	10.42
	1.00
	15.63

	1.50
	3.47
	1.50
	6.94
	1.50
	10.42

	2.00
	2.6
	2.00
	5.21
	2.00
	7.81

	3.00
	1.74
	3.00
	3.47
	3.00
	5.21

	4.00
	1.3
	4.00
	2.6
	4.00
	3.91


When a UE is in good channel condition and VoIP packet is not bundled, one TB would occupy one RB, otherwise one TB would occupy 2 RBs. Therefore average number of RBs per TB would be around 1.5 when VoIP packet is not bundled, and around 3 when bundled. The average number of L1/L2 control channels for those cases are highlighted in the yellow color in the table.

One OFDM symbol is likely to carry 8 CCEs assuming that 1 CCE has 36 REs, where one L1/L2 control channel could be mapped to 1, 2, 4 or 8 CCEs. The number of CCEs per L1/L2 control channel is related to the MCS level of the UE to receive the L1/L2 control channel, so it is matter of the channel condition. It is hard to estimate how many L1/L2 control channels will be in a signle OFDM symbol, because it depends on the locations of UEs scheduled at the given point of time. So we take samples here and there between 1.25 ~ 3.00 CCEs to see how many OFDM symbols in typical cases would be used to schedule VoIP UEs in uplink.
<Table 2> Number of OFDM symbols used for L1/L2 control channels used for uplink
	# of CCEs per control channel
	CASE1 
	CASE 2
	CASE 3
	CASE 4
	CASE 5
	CASE 6

	1.25
	0.54
	1.08
	1.63
	0.27
	0.54
	0.81

	1.50
	0.65
	1.30
	1.95
	0.33
	0.65
	0.98

	1.75
	0.76
	1.52
	2.28
	0.38
	0.76
	1.14

	2.00
	0.87
	1.74
	2.61
	0.44
	0.87
	1.30

	2.50
	1.08
	2.17
	3.26
	0.54
	1.08
	1.63

	3.00
	1.30
	2.60
	3.91
	0.65
	1.30
	1.95

	3.50
	1.52
	3.04
	4.56
	0.76
	1.52
	2.28

	4.00
	1.74
	3.47
	5.21
	0.87
	1.74
	2.61

	CASE 1: 25 % resource from the total capacity is used for VoIP, and VoIP packet is not bundled.

CASE 2: 50 % resource from the total capacity is used for VoIP, and VoIP packet is not bundled.

CASE 3: 75 % resource from the total capacity is used for VoIP, and VoIP packet is not bundled.

CASE 4: 25 % resource from the total capacity is used for VoIP, and two VoIP packets are bundled in a TB.

CASE 5: 50 % resource from the total capacity is used for VoIP, and two VoIP packets are bundled in a TB.

CASE 6: 75 % resource from the total capacity is used for VoIP, and two VoIP packets are bundled in a TB.


Three or less OFDM symbols per TTI are used for L1/L2 control channel transmission, and using less OFDM symbols for control signaling leads to more OFDM symbols for data transmission. If we optimize uplink somehow, as many number of OFDM symbols listed in the table could be used for data transmission in ideal case.  
3 Conclusion
The analysis in the section 2 shows that the number of OFDM symbols used for L1/L2 control channels for dynamic scheduling of VoIP is between 0.27 and 5.21, that are potential maximum gains of the optimization. The numbers would be different from the analysis depending on the assumption taken, but we believe the analysis clearly shows that optimizing the uplink will reduce the number of OFDM symbols for control signaling at least by one with quite good probability. Since downlink is already optimized, uplink optimization would bring very little additional complexity. With these gains and costs in mind, we believe uplink optimization is needed. 
Since persistent individual sheduling is already adopted for the downlink, other type of solution e.g. group scheduling for all transmissions or only for retransmissions, brings additional complexity both for the node B and for the UE. In that sense, we propose to have a similar solution with the downlink as much as possible, e.g. persistent schedulign based one unless the other solution provides significantly more gain.








































































