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1 Introduction

Interference management schemes have been proposed as an important component of Release 10 to improve the performance of cellular networks. The inter-cell interference management schemes include Fractional Frequency Re-use [1], Coordinated Beam Switching [2] [3] [4], Coordinated Beamforming [5] and Joint Processing [5]. These schemes require different amounts of feedback overhead and backhaul communications capacity. As to be expected, there is a trade-off between the performance gains experienced and complexity/feedback/backhaul communications required.

To limit the feedback and backhaul requirements, we present an interference management scheme that provides improvement over Rel 8 performance at a very small feedback cost. As described in [3]-[6], a coordinated beamforming scheme is proposed to solve the flashlight effect, a phenomenon in which the channel quality changes between UE measurement and eNB transmission due to the changes in the beam pattern of the interfering neighbouring cells. 
Most importantly, the scheme has no X2-interface impact, in line with the decision in RAN WG1 meeting #59bis on CoMP as follows [7]:

Agreement:

· For Rel-10, any DL CoMP scheme will not include any new standardised X2 interface communication for support of multi-vendor inter-eNB CoMP 

In prior meetings, we have provided performance with full buffer traffic [3], in the presence of bursty traffic and under varying network loads [6]. In this contribution, we study the performance of CBS assuming voice traffic transmitted using the Voice-over-Internet-Protocol (VoIP), and show that CBS provides about 13% gain of VoIP capacity.
The scheme requires a tight linkage between the CQI report and a specific subband of a specific subframe where the measurement was taken, meaning resource specific CQI measurement. As opposed to the current specification that allows observation over an unrestricted time and frequency interval to measure a reported  CQI [10], the CQI observation interval becomes resource specific i.e. over a specific frequency and periodically over time. This Resource Specific CQI measurement concept is discussed in more detail in the accompanying contribution [8]. 
2 Evaluation results

2.1 VoIP Evaluation
System simulations were done to evaluate the performance gain when using coordinated beam switching in a VoIP network. In these simulations, we implemented a coordinated beam switching algorithm. Details of the scheme can be found in [3, 6].

The system is a SU-MIMO simulation with enhanced CQI feedback. The beams are derived from the LTE R8 codebook. Furthermore, the beam cycling is done in both time and frequency with a temporal beam cycle period of 5msec and a frequency subband size of 5 RBs per beam. Each eNB independently selects the beam cycling pattern based on its user load (i.e. number of UEs) and user spatial properties (i.e. the UEs preferred wideband PMI), while maintaining the common cycling period of 5 and switching the beam synchronously. The UE is assumed to feedback the CQI at its “best” CBS time/frequency slots using the resource specific CQI measurement method.
We measure performance by the VoIP capacity, based on [9] and reproduced below: 
”VoIP capacity was derived assuming a 12.2 kbit/s codec with a 50% activity factor such that the percentage of users in outage is less than 2% where a user is defined to have experienced a voice outage if less than 98% of the VoIP packets have been delivered successfully to the user within a one way radio access delay bound of 50 msec”.
The VoIP scheduling is semi-persistent i.e. the initial transmissions are persistently scheduled every 20 ms for UEs in the active state and the silence packets are dynamically scheduled for UEs in the silent state. HARQ retransmissions are dynamically scheduled.

The reference case is an un-coordinated LTE eNB with 4 x 2 codebook precoding based on the Rel. 8 codebook. Coordinated beam switching was implemented as in [3, 6] with some modifications based on the specific characteristics of VoIP traffic. Further details on the simulation assumptions can be found in Tables 5 and 6. 
2.2 VoIP Simulation Results and Analysis
The gains of CBS with VoIP traffic in a UMi channel are shown in Tables 1 and 2
Table 1: The results of the VoIP baseline for the case of ITU UMi

	UE number/sector/MHz
	Average RB number
	Percent of UE over threshold

	
	Active
	Silent
	

	72
	1.95
	1.15
	1.240%

	73
	1.95
	1.15
	2.760%


Table 2: The results of the VoIP+CBS for the case of ITU UMi
	UE number/sector/MHz
	Average RB number
	Percent of UE over threshold

	
	Active
	Silent
	

	80
	1.55
	1.01
	1.68%

	82
	1.55
	1.01
	1.96%

	83
	1.56
	1.01
	2.45%


As we can see from the above two tables, with the use of the CBS, the average number of RBs for the active packets and silence packets have been reduced by 20.5% and 12% respectively, which means that  more UEs can be allocated resources, resulting in an increase in VoIP capacity. As a result, the VoIP Capacity has increased from 82 UEs/sector/MHz to 72 UEs/sector/MHz, a gain of 13.9%.
The gains of CBS with VoIP traffic in a UMa channel are shown in Tables 3 and 4
Table 3: The results of the VoIP baseline for the case of ITU UMa
	UE number/sector/MHz
	UE number per 
	Average RB number
	Percent of UE over threshold

	
	
	Active
	Silent
	

	70
	350
	2.03
	1.16
	1.82%

	71
	355
	2.03
	1.17
	3.05%

	72
	360
	2.03
	1.17
	6.53%


Table 4 : The results of the VoIP+CBS for the case of ITU UMa
	UE number/sector/MHz
	UE number per 
	Average RB number
	Percent of UE over threshold

	
	
	Active
	Silent
	

	78
	390
	1.69
	1.01
	0.71%

	79
	395
	1.69
	1.01
	1.35%

	80
	400
	1.69
	1.01
	2.58%


In this case, with the use of the CBS, the average numbers of RBs for the active packets and silence packets have been reduced by 18.2% and 12.9% respectively, also resulting in an increase in VoIP capacity. As a result, the VoIP Capacity has increased from 70 UEs/sector/MHz to 79 UEs/sector/MHz, a gain of 12.9%.
3 Text Proposal
In order to enable the deployment of CBS it is necessary to add a resource specific-CQI reporting mechanism in the specification [10, Section 7.2.3]. This is highlighted in the text proposal below and with more detail in [8]:
--------------Start Text----------------- 
“In a separate measurement mode, the eNB may configure a Resource-specific CQI measurement to support time and frequency domain interference variation.  The CQI measurement is now based on an eNB configured interval in time and frequency.  The time interval may be periodic.”
--------------End Text----------------- 
4 Conclusion

This contribution analyzes the CQI report issue in coordinated beamforming and presents simulation results of the proposed coordinated beam switching scheme. The results show that coordinated scheduling technique can improve the capacity of voice networks by about 13% and as such is an effective method to manage the interference in small cells. Prior work has established the performance of CBS in both full buffer and bursty data traffic. In addition, we propose a resource specific-CQI reporting mechanism in the specification to enable the deployment of CBS and other interference variation management techniques [8]. 
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Appendix A: Simulation Assumption

Table 5: LTE Simulation Assumptions
	Parameter
	Assumption

	Duplex method 
	FDD

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Channel model
	ITU UMi, ITU UMa

	Inter-site distance
	200m, 500m

	Total BS TX power (Ptotal)
	41dBm, 46dBm

	Noise figure at UE
	9dB

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	
[image: image1.wmf]ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

)

(

2

3

q

q

q

 

[image: image2.wmf]dB

3

q

= 70 degrees,  Am = 20 dB 

	UE speeds of interest
	3km/h, 30km/h

	BLER Target
	10%

	Link to system interface
	Mutual information

	Scheduler
	SPS based on CBS and SPS based on SU-MIMO

	Scheduling and Reporting Subband size
	1 RB’s

	TTI duration
	1 msec

	Beam Pattern Deciding Time
	10 msec

	Measurement Time 
	5 msec

	Simulation Time
	18 s

	Beam Switching Period
	5 msec

	Carrier Frequency / Bandwidth
	2.5GHz / 5MHz (25 PRBs), 2.0GHz / 5MHz (25 PRBs)

	Subband Number
	5

	Subband Size
	5 RBs

	Antenna configuration at BS
	4 co-polarized antennas, with 0.5 lambda spacing

	Antenna configuration at MS
	DL: 2 co-polarized antennas, with 0.5 lambda spacing

	Receiver type
	MMSE

	HARQ scheme
	HARQ-IR, retransmission times is limited by 50ms latency.

DL maximum 5 retransmission times

	Channel estimation
	Ideal in the receiver performance

	Feedback channel errors
	Error-free

	Overhead consumptions 
	DL overhead: 3 symbols for DL CCHs, Antenna Port 0~3 CRS

	Inter-cell Interference Modeling
	DL: Explicit modeling

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna pattern)
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	Users dropped uniformly in entire cell
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	Minimum distance between UE and cell
	>=10 meters, >=25 meters

	AMC
	ON

	Power Control
	OFF

	OFDM symbols per subframe
	14

	Resource Block size
	12 subcarriers over 14 symbols

	Receiver noise floor
	Max. C/I limit of 22 dB

	Channel pilot measurement error model
	Gaussian measurement error with zero mean and 1 dB standard deviation


Table 6: Parameter for the VoIP service model
	Parameter
	Characterization

	Codec
	RTP AMR 12.2,

Source rate 12.2 kbps

	Encoder frame length
	20 msec

	Voice activity factor (VAF)
	50%(c = 0.01, d=0.99)

	SID payload
	Modelled

15 bytes (5 Bytes + header )

SID packet every 160 msec during silence

	Protocol Overhead with compressed

Header
	10 bits + padding (RTP-pre-header)

4Byte (RTP/UDP/IP)

Byte (RLC/security)

16 bits (CRC)

	Total voice payload on air interface
	40 bytes (AMR 12.2)
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