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1 Introduction

The VoIP capacity is one of the key performance metrics for LTE. The use of Semi-Persistent Scheduling is one key way to maximise the VoIP capacity, by alleviating the control signalling overhead.  
The current LTE specifications ([1] section 9.2) stipulate some restrictions on the PDCCH signalling for SPS in order to provide a “virtual CRC” to reduce the probability of false-positive PDCCH decoding. One such restriction is that the MSB of the UL SPS grants shall always be set to 0. This prevents the use of 1RB with MCS index of 17 (16QAM with transport block size of 328 bits), which is the TBS typically used for AMR12.2kbps with RoHC. 
In this contribution, we show that this restriction results in a significant constraint on LTE VoIP capacity.  
Firstly, we present the link budget for supporting VoIP with the cases of 1RB (MCS index of 17) and two RBs (MCS index of 10).  Secondly, we analyze the percentage of users that can support MCS index of 17 with a range of  typical fractional power control (FPC) configurations, and finally assess the potential VoIP capacity improvement for LTE if this restriction were to be avoided.
2 Link Budget Analysis
For this analysis, we use a Case 3 system configuration as defined in [2], and the AMR 12.2 codec with RoHC, and we compare the link budgets for  2RBs with MCS index of 10, and 1RB with MCS index of 17.  A HARQ operating point of 1% BLER at 4th transmission is assumed, and the corresponding SINRs are -1.5 and 4.0dB for the two cases respectively.  The results show that both options can be supported at the cell edge.  As the latter case can be link budget limited, we also look into the impact of  the FPC configuration on the percentage of UEs that could support MCS Index = 17 with 1RB.
Table 1 Link Budget Comparison
	Physical Channel
	 
	PUSCH
	PUSCH

	UL Receive Diversity
	
	2 RxDiv
	2 RxDiv

	Channel Model
	
	PedB 3km/h
	PedB 3km/h

	HARQ Operating Point
	%
	1% BLER @4th Tx
	1% BLER @4th Tx

	# Resource Blocks Required
	#
	2 RB
	1 RB

	Optimal UL MCS Index
	#
	MCS 10
	MCS 17

	Transport Block Size
	bit
	328 bit
	328 bit

	Target UL SINR
	dB
	-1.5 dB
	4.0 dB

	eNode-B Noise Figure
	dB
	3.0 dB
	3.0 dB

	Used Bandwidth 
	KHz
	360 kHz
	180 kHz

	eNode-B Sensitivity
	dBm
	-116.9 dBm
	-114.4 dBm

	 
	
	 
	 

	eNode-B Antenna Gain
	dBi
	17.0 dBi
	17.0 dBi

	 
	
	 
	 

	Shadowing Margin
	dB
	8.7 dB
	8.7 dB

	 
	
	 
	 

	Penetration Margin
	dB
	20 dB
	20 dB

	Fixed IoT
	dB
	3.0 dB
	3.0 dB

	 
	
	 
	 

	UE Antenna Gain
	dBi
	0 dBi
	0 dBi

	UE Max Transmit Power
	dBm
	23.0 dBm
	23.0 dBm

	MAPL
	
	125
	123

	Cell Radius
	m
	1303
	1119


3 Fractional Power Control Analysis
We consider 4 power control configurations, using fractional pathloss compensation factor alpha = 0.7, and 4 different settings of P0, indexed from 1 to 4 in the figure below, to cover a wide range of possible network deployments.  The figure shows the target SINR as a function of pathloss.
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Figure 1.  Target SINR as a function of Pathloss for different settings of P0.
Next, by evaluating the pathloss distribution for Case 3, we can generate the CDF of the target SINR for the different P0 settings, as shown in the following figure.  From the figure, we can determine the percentage of UEs can support MCS index 17 by examining the percentage of UEs whose target SINR is greater than a threshold of 4dB. 
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Figure 2.  Target SINR distribution for different settings of P0.
Finally, we can analyze the capacity gain if MCS index of 17 were to be allowed, with respect to only MCS index of 10 being allowed as per the current specifications.  We assume at the capacity points of both cases, the bandwidth utilizations are the same, and the capacity of the MCS10-only case is normalized to be 1.  Then, the following equation will be true:
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Then the capacity gain is defined as:
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Based on the above equation, we can estimate the capacity gain of allowing MCS17 to be used.  The following table shows the percentage of UEs using MCS Index of 17 and the capacity gain for the 4 FPC configurations considered.
Table 2.  Result Summary

	P0 Configuration Index 
	Percentage of UEs using MCS Index = 17
	Estimation Capacity Gain 

	1
	10%
	6%

	2
	35%
	21%

	3
	80%
	67%

	4
	99%
	99%


4 Conclusions 
We have analyzed the VoIP capacity limitation that arises from the constraint that of  MCS index 17 cannot currently be used for SPS PUSCH grants. This is an important case for the AMR 12.2 codec with RoHC.  
The results show that the potential VoIP capacity gain from allowing MCS17 naturally depends on the power control configuration, and for a typical configuration we expect a 20% to 60% capacity gain if the above constraint were removed. 
Therefore we propose to consider ways to allow the special case of MCS index 17 to be used with TBS 328 bits for a single RB allocation with 16QAM with SPS grants. 
One possibility would be to reduce the size of the virtual CRC by 1 bit and allow the MSB of the MCS index to be set to “1”. However, this would have some system impact by increasing the probability of false positives on the PDCCH. 
Another possibility would be to redefine the TBS for one value of ITBS for single-RB allocations for the case of SPS. 

Currently the latter possibility would be our preference. 

The value of ITBS = 10 currently supports both QPSK and 16QAM, via the IMCS values of 10 and 11 respectively. Therefore one solution could be to keep the current TBS of 144 bits for a single-RB SPS grant if IMCS = 10, and to define that the TBS is 328 bits for a single-RB SPS grant if IMCS = 11. The TBS for dynamic grants would be unaffected. This would ensure that no value of TBS would be removed for SPS; simply the current overlap between QPSK and 16QAM would no longer be available in the case of SPS. 
Finally, there is the question of to which release this change should be applied. Although the maximisation of VoIP capacity would point towards implementation in the earliest possible release (e.g. Release 9), in view of the current status of FGI bits it may be sufficient to adopt the change in Rel-10. We propose to discuss this aspect. 
5 References

[1] 3GPP TS 36.213 V8.8.0, “Physical layer procedures”
[2] 3GPP TR 36.814 V9.0.0, “Further Advancements for E-UTRA - Physical Layer Aspects” 
































































































1/4

_1359214750.unknown

_1358784974.unknown

