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1. Introduction

This paper deals with system performance CQI transmitted on PUCCH (Physical Uplink Control channel). We concentrate on case when the UE has only the CQI signals to be transmitted but neither the UL data nor ACK/NACK. The goal of this paper is to investigate the performance of CDM based PUCCH

· How many bits can be guaranteed?

· How many UEs per cells can be supported?

· What limits the performance?

· How can the CQI capacity of PUCCH be maximized

These questions are investigated by means of link and system level simulations. The special focus is on the feasibility of multi-sequence modulation. The modulation scheme is presented in [2]
2. CQI transmission scheme

We are considering PUCCH in which there are multiple CQI users being CDM-multiplexed into a frequency hopping frequency resource of 12 sub-carriers (1 RU). In system level simulations we utilize multi-sequence modulation for CQI due to the fact that it provides the best link performance for the whole range of the considered CQI sizes [1]. 

3. Link Performance Results
Figure 2 compares the link performance of SSM (signle sequence modulation) and MSM  for the considered CQI sizes [2]. Results illustrate clearly that MSM outperforms SSM. Peformance difference depends on the CQI size and varies between 1 dB and 5 dB. The main reason behind the performance difference is the fact that MSM provides larger coding gain due to the larger symbol space. This issue is emphasised when considering the largest CQI sizes. 
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CQI size CQI size

CCDF 5 10 15 20 CCDF 5 10 15 20

5% 7.2 3.7 2.3 1.2 5% 36 37 35 18

10% 8 4.3 2.8 1.6 10% 40 43 42 24

50% 10.6 6.5 4.6 3.1 50% 53 65 69 62

CQI capacity (number of Ues @ 10% BLER ), CASE 3 CQI capacity (number of bits @ 10% BLER, CASE 3

CQI size CQI size

CCDF 5 10 15 20 CCDF 5 10 15 20

5% 4.8 2 - - 5% 24 20 - -

10% 6.5 2.9 1.4 - 10% 33 29 21 -

50% 9.6 5.1 3.1 1.5 50% 48 51 47 30
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4. System Simulation Assumptions

This section presents the assumptions for the system simulations assuming multi-sequence modulation. A network with 19 three-sector sites, i.e., in total 57 cells is assumed. The sites are positioned on a regular hexagonal grid.  Two different simulation cases were considered, one with inter-site distance (ISD) of 1732 m and penetration loss of 20 dB (Case 3) and another with ISD of 500 m and penetration loss of 20 dB (Case 1), respectively. Complete simulation assumptions are given in the Appendix 2. The system was assumed to be fully loaded with frequency reuse of 1/1. Furthermore it was assumed that the same frequency band is used for control signaling in all the surrounding cells. The number of interfering UEs in the neighboring cells was a variable (1-12 UEs). 
We utilize slow SNR-based PC with full path loss compensation. In our simulation, the same SNR target is used for all the UEs. The SNR target was optimized for coverage area probability of 95 %.
5. System Level Results
Figure 3 and Figure 4 show the results of the system performance evaluation. Figure 3 illustrates the CCDF (complementary cumulative distribution function) of coverage area probability as a function of function of number of simultaneous UEs in Case 1 (Figure 3) and Case 3 (Figure 4) environments. The CQI BLER equals to 10% in both cases. System capacity and coverage results are summarized in Table 1. The complete results can be found in the APPENDIX.

Coverage: We note that PUCCH coverage is limited by the other cell interference. This is due to the fact that there are multiple UEs in each cell generating interference to the surrounding cells. Most critical parameter impacting to the 95% coverage area probability is the number of UEs per cell.

Capacity: Results show that  that the PUCCH capacity is interference limited and it does not depend too much neither on the cell size nor the CQI packet size. We note that with the coverage area probability of 50%  system can support almost 70 bits/TTI in CASE 1 and more than 50 bits/TTI in CASE 3. The corresponding spectral efficiency numbers are 0.3 b/s/Hz and 0.4 b/s/Hz. We also note that the spectral efficiency numbers can be improved further if fractional PC is utilized.

Some conclusions can be drawn based on these results:

· Number of UEs per RU should be limited in order to provide sufficient CQI size also to the cell edge. It seems that the number of CQI UEs should be limited into 4-5 UEs/cell. This limitation would allow CQI sizes of 5-10 bits at the cell edge (CCDF=5%)

· We note that the CQI size should not be limited too much. In CASE 1, almost 70% of the UEs can reach CQI size of 15 bits as long as the number of UEs is not larger than four (40% of the UEs can reach 15 bits with 5 UEs). We note that this capacity will be un-used if the CQI size is limited into 10 bits.  
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Table 1. CQI Capacity and coverage of PUCCH
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Figure 3. CCDF of coverage area probability as a function of number of UEs, CASE 1, BLER=10%. 
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6. Summary

This contribution illustrated the capacity and coverage of CQI transmitted on PUCCH. Results show that PUCCH is highly interference limited. Results show that the number of UEs should be limited into 4-5 in order to provide sufficient CQI coverage for the cell edge UEs.  
Link level results showed that that multi-sequence modulation performs better than single sequence modulation with all the considered CQI sizes and with the entire SNR range.  Based on these facts we propose that multi-sequence modulation should be selected as a working assumption for CQI transmitted on PUCCH.  We also noted that CQI size should not be limited into 10 bits/TTI, since the majority of the UEs can still transmit 15-20 bits /TTI assuming that the CQI coverage at the cell edge is guaranteed.  
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APPENDIX

Figure 5-Figure 12 illustrate the CCDF of coverage area probability as a function of CQI BLER. Figure 5-Figure 9 represent CASE 1 with different CQI sizes and Figure 9-Figure 12 CASE 3, respectively.

[image: image4.wmf]10

-2

10

-1

10

0

10

-2

10

-1

10

0

CCDF

CQI BLER

CASE 1, 5 bit CQI, 21 dBm

1 UE

2 UEs

3 UEs

4 UEs

5 UEs

6 UEs


Figure 5. CCDF of coverage area probability as a function of CQI BLER, 1-6 UEs/cell, 5 bit  CQI, CASE 1.
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Figure 6. CCDF of coverage area probability as a function of CQI BLER, 1-6 UEs/cell, 10 bit  CQI, CASE 1.
[image: image6.wmf]10

-2

10

-1

10

0

10

-2

10

-1

10

0

CCDF

CQI BLER

CASE 1, 15 bit CQI, 21 dBm

1 UE

2 UEs

3 UEs

4 UEs

5 UEs

6 UEs


Figure 7. CCDF of coverage area probability as a function of CQI BLER, 1-6 UEs/cell, 15 bit CQI, CASE 1.



Figure 8. CCDF of coverage area probability as a function of CQI BLER, 1-6 UEs/cell, 20 bit CQI, CASE 1.
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Figure 9. CCDF of coverage area probability as a function of CQI BLER, 1-6 UEs/cell, 5 bit CQI, CASE 3.
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Figure 10. CCDF of coverage area probability as a function of CQI BLER, 1-6 UEs/cell, 10 bit CQI, CASE 3.
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Figure 11. CCDF of coverage area probability as a function of CQI BLER, 1-6 UEs/cell, 15 bit CQI, CASE 3.
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Figure 12. CCDF of coverage area probability as a function of CQI BLER, 1-6 UEs/cell, 20 bit CQI, CASE 3.

APPENDIX 2 - Macro-cell system simulation baseline parameters

	Parameter
	Assumption

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

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB 

	Carrier Frequency / Bandwidth
	2 GHz/5 MHz

	Channel model
	Typical Urban (TU) 

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	43dBm

	UE power class
	21dBm 

	Inter-cell Interference Modeling
	UL: Explicit modeling (all cells occupied by UEs),

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters





Figure � SEQ Figure \* ARABIC �2�. Link performance results for different CQI sizes. 





Figure � SEQ Figure \* ARABIC �4�. CCDF of coverage area probability as a function of number of UEs, CASE 3, BLER=10%. 
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