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1 Introduction

How to optimize the VoIP scheduling has been intensively debated during the previous meetings. However it seems that one of the major concerns on the group scheduling is not properly addressed yet. This contribution presents an analysis on the Node B power consumption of the group scheduling scheme described in [1]. 
2 Control Channel Overhead in Transmission Power Perspective
The motivation of VoIP scheduling optimization is to reduce the control channel overhead which could limit the VoIP capacity if not optimized. According to the simultion presented below the group scheduling does not fulfill the requirement in terms of required transmission power. 
The group scheduling scheme presented in [1] assumes 1 bit, 2 bit and 3 bit TF. The size of TF is further analyzed below because it is a deciding factor of the size of the group scheduling command
Table 1. Analysis of TF configuration in the group scheduling

	
	TF configuration
	Note

	1 bit TF
	0: off
1: Voice with 1 RB allocation 
	· Not support SID

· Not support MCS

· Not support variable size 
· Not support multi-rate codec

	2 bit TF
	00: off,     01: SID with 1 RB allocation

10: Voice with 1 RB allocation, 11: Voice with 2 RB allocation
	· Not support variable size 

· Not support multi-rate codec

	3 bit TF
	000: 0ff, 001: SID with 1 RB allocation
010: Voice with 1 RB allocation/codec rate 1,  011: Voice with 2 RB allocation/codec rate 1
100: Voice with 1 RB allocation/codec rate 2,  101: Voice with 2 RB allocation/codec rate 2

110: Voice with 1 RB allocation/codec rate 3,  011: Voice with 2 RB allocation/codec rate 3
	· Not support variable size 

· Support multi-rate codec upto 3 rates


1 bit TF has clear limitations that a lot of padding e.g. 25 byte will be produced in SID transmission because it is transmitted using the TF for the talkspurt packet. Moreover it does not support any link adaptation, which has been pointed out as an unacceptable drawback. 

2 bit TF also has limitations that TF reconfiguration is required when a codec rate changes and that relatively high padding e.g. 10 byte is required for talkspurt packets because the TF shall be configured  large enough to handles large packets produced infrequently. 

3 bit TF supports the multi-rate codec operation, which is not sufficient though. Considering that NB-AMR has 8 codec rates, it is likely that a codec-rate not preconfigured could be used during a call, which will leat to TF reconfiguration. 3 bit TF has the same problem of the high padding for talkspurt packets as 2 bit TF does. 

4 bit TF supprots the multi-rate codec operation in full flexiblity, so TF reconfiguration is not needed. However it also has the problem of the high padding for talkspurt packets as 2 bit TF does.    

Assuming a system has n RBs, the average activity factor is 1/m and a scheduled UE is assigned in average k RBs, the required number of UEs to be addressed per TTI to fully utilize n RBs are equal to (n * m)/k.

For a quick calculation, let’s assume m is 2 and k is 1.5. The number of UEs that should be addressed per TTI to fully utilize all the RBs are shown in the table 2. 

Table 2. Number of scheduling commands to fully utilize 50 RBs
	
	# of RBs
	# of UEs to be addressed per TTI 
	2 bit TF (12 UEs per SC)
	3 bit TF (8 UEs per SC)
	4 bit TF (6 UEs per SC)

	
	
	
	# of SCs
	in bit
	# of SCs
	in bit
	# of SCs
	in bit

	10 MHz
	50
	67
	6
	282
	9
	423
	12
	564

	Note: the size of SC (scheduling command) is assumed to be 47 bits, where 7 bit resource start indicator, 24 bit TFs and 16 bit CRC are included


To deliver the required power from this, we simulate the required power to transmit one scheduling command. The results listed in the table 3 show the consumed power when a scheduling command is transmitted over one symbol with the enough transmission power to send the scheduling command to the worst case UE in the group.  Please see the annex for detailed simulation assumption. 
Table 3. the required power to transmit one scheduling command over one symbol. 
	
	Number of UEs

	
	4
	6
	8
	12

	Case 1 (ISD = 500 m)
	23.5%
	27.4%
	30.2%
	34.2%

	Case 3 (ISD = 1732 m)
	31.1%
	37.2%
	42.0%
	49.1%

	Note: the result is quite different from the previous simulation [2], because the schecudling commands are transmitted over a TTI in [2].


Taking the figures of the table 2 and the table 3, required power in transmitting as many scheduling commands as needed to fully utilize the 50 RBs is delivered as in table 4. Note that half of symbols for L1/L2 control channel are used for downlink scheduling, thus it is only one symbol that is used for downlink scheduling when n is 2. 
Table 4. Required ENB power for group scheduling command transmission

	　

　
	TF = 2 bit (12 UEs per SC)
	TF = 3 bit (8 UEs per SC)
　
	TF = 4 bit (6 UEs per SC)
　

	
	Case 1
	Case 3
	Case 1
	Case 3
	Case 1
	Case 3

	Required ENB power (n =2)
	205.2%
	294.6%
	271.8%
	378.0%
	328.8%
	446.4%

	Required ENB power (n =3)
	136.8%
	196.4%
	181.2%
	252.0%
	219.2%
	297.6%


It should be noted that ENB power is also used to transmit DL ACK/NACK signal and the reference signal. Samsung estimates that 16.7% are required for the reference sinal and 13.8 % are for 25 ACK/NACK signals when n is equal to 2, so only 70 % out of the total ENB power would be available for the scheduling command transmission. 
3 Conclusion
From the analysis above, we believe group scheduling is quited power limited solution and wouldn’t be as efficient as it seems. The analysis is only done for the 10 MHz cells, however there isn’t any reason to believe that the result will be different significantly in 5 MHz cell and in 20 MHz cell. Samsung propose to consider this in deciding which optimization to be taken for the VoIP support. 
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Annex. Simulation Assumptions
Introduction

This document investigates the fraction of Node B power consumption for group scheduling.

The simulation assumes:

· One group scheduling control channel is transmitted within one OFDM symbol only. Therefore the fraction of Node B power consumption is in terms of one OFDM symbol only.

· The Node B power consumption is simulated with a Monte-Carlo way assuming a perfect CQI knowledge at the Node B. At each drop, the UEs are dropped assuming the CDF distribution of the geometry values. Then the fraction of Node B power consumption is calculated assuming that the power of group scheduling control channel satisfies the 1% BLER requirement for the worst geometry UE in the group. The final result is averaged from all the drops. For more details, please refer to R1-063274.
 Simulation Results

Link level simulation assumptions are documented in Annex A and corresponding link level curves are presented in Annex B.

Fraction of Node B power consumption in one OFDM symbol for 10 MHz system bandwidth is listed in Table 7 below.

Table 7 Fraction of Node B power consumption
	
	Number of UEs

	
	4
	6
	8
	12

	Case 1 (ISD = 500 m)
	23.5%
	27.4%
	30.2%
	34.2%

	Case 3 (ISD = 1732 m)
	31.1%
	37.2%
	42.0%
	49.1%


Simulation Assumptions
Simulation assumptions are listed in Table 8 below.

Table 8 Simulation assumptions

	Parameter
	Explanation/Assumption

	System bandwidth (MHz)
	10 MHz and 20 MHz

	Control Channel Duration
	1 OFDM symbol

	Sampling rate (MHz)
	15.36 and 30.72 for 10 and 20 MHz system bandwidth respectively.

	Number of occupied sub-carriers
	601  and 1201 (including DC sub-carrier) for 10 and 20 MHz system bandwidth respectively

	Number of CP samples per OFDM symbol
	As specified in TS 36.211: 80/160 samples per symbol at the first OFDM symbol in one slot, 72/144 samples per symbol for the remaining OFDM symbols (a/b where a and b refer to the value for 10 and 20 MHz system bandwidth respectively)

	Number of OFDM symbols per slot
	7

	DL Channelization
	Fully distributed in the system bandwidth

	Antenna Configurations
	2x2

	Channel
	TU3

	Tx diversity scheme
	The cyclic delay value is set to 128 and 256 for 10 and 20 MHz system bandwidth respectively.

	Modulation
	QPSK

	Channel coding
	R=1/3 Convolutional coding with Viterbi decoding

	Channel estimation
	Realistic

	Rate matching
	R99 Rate Matching


Table 3 Signaling transmission formats

	Modulation
	Signaling Payload (Including CRC)
	Tail bit addition (8 bits)
	R=1/3 Convolutional Encoding
	Rate Matching
	Total Subcarriers

	QPSK
	47
	55
	165
	200
	100


Link Level Results
Link level simulation results is shown in Figure 1 below. It can be seen that there is practically no performance difference when comparing 10 vs. 20 MHz system bandwidth since 10 MHz system bandwidth has already provides enough frequency diversity.
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Figure 1 Link Level Results








































































