Page 1

3GPP TSG RAN WG1 Meeting #75

R1-135785
San Francisco, USA, 11th – 15th November 2013
Source:
QUALCOMM Incorporated

Title:
Impact of Combined Cells with IPICH on Legacy Users 
Agenda item:

5.3.3
Document for:
Discussion
1
Introduction

Combined Cells have been shown to provide an alternative solution to HetNet deployment for achieving cell-splitting gains [1], [2]. The main advantage of the combined cell concept is to prevent handovers within a single macro cell area by ensuring that all the LPNs (low power nodes) deployed have the same PSC. Two aspects of the combined cell operation caused loss to the legacy users that operate in SFN mode [3]
· The reduced available HS power due to the need for dedicated pilots that are sent to aid node selection for spatial re-use users.

· The propagation offsets present in the cellular networks do not result in achieving the gains of power addition of the signals from multiple nodes.
In fact, we observed losses due to the combined effect of the above mentioned at certain locations in SFN mode [3]. One prior proposal is to use intermittent probing pilots for cell selection and transmit dedicated pilots only when spatial re-use rel. 12 users are scheduled. However, intermittent pilots for CQI scheduling may result in wrong node selection and decrease the gains of spatial re-use mode. 

In this document, a more robust approach to spatial re-use mode design is considered. Additional continuous pilots (referred to as IPICH, Identification PIlot CHannel) are simulated. These are used for CQI computation at the UE and are transmitted at a much lower level than CPICH and DPICH (we explore settings as low as -22 dB Ec/Ior). Thus, when legacy users are scheduled, we avoid the use of D-PICH transmissions when legacy users are scheduled and consequently only have a minor reduction in the available HS power due to the presence of IPICH channels. The motivation is that CQI computation might not need the high pilot levels as data demodulation. 
2
System model
Fig. 1 indicates the Single Frequency Network (SFN) mode that is the proposed mode of operation for the legacy users in a combined cell [2]. Note that the continuous IPICH can potentially enable accurate node allocation and scheduling for the spatial re-use user when its turn comes up. 
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Figure 1: Operation of combined cell during TTI when legacy user is scheduled (SFN)
3
HSDPA link analysis

We present throughput results for the legacy user in SFN mode for different levels of IPICH -13dB, -16 dB, -19 dB and -22 dB. The location configuration and simulation assumptions are included in the Annexes A and B. Table 1 shows the actual throughputs and Table 2 the gains that can be achieved. As expected, lowering the IPICH level increases the HSDPA throughputs by increasing the available HS power. The maximum gain of SFN mode varies from 23% (with realistic propagation offsets) for an IPICH level of -22 dB and decreases to as low as 4% when IPICH is increased to -13 dB.

However, the IPICH power level also determines accuracy of cell selection. Spatial re-use user throughputs are analysed for different levels of IPICH in [4]. The exact choice will possibly depend on the capabilities of spatial re-use users. 
Table 1: HSDPA throughput comparison between Macro-Only and Single Frequency Network (SFN) modes of operation; K indicates the application of propagation offsets
	Channel
	User location
	Macro-Only

Mbps

	SFN throughput in Mbps 

(IPICH level, propagation offsets K)

	
	
	
	-10 dB, K=0
	-10 dB, K=1
	-13 dB, K=0
	-13 dB, K=1
	-16 dB, K=0
	-16 dB, K=1
	-19dB,

K=0
	-19dB,

K=1
	-22 dB, K=0
	-22 dB, K=1

	PA3
	L1
	12.87
	12.26
	11.21
	12.69
	11.85
	12.87
	12.28
	12.94
	 12.40
	   
	12.55

	
	L2
	12.08
	12.12
	
	12.60
	10.52
	12.87
	11.11
	   13.04
	   11.46
	       
	       

	
	L3
	11.35
	
	9.61
	13.29
	10.70
	13.65
	11.30
	   13.76
	   11.64
	   13.85
	   11.85

	
	L4
	11.30
	15.74
	11.72
	16.31
	12.81
	16.70
	13.41
	   16.88
	   13.72
	   16.99
	   13.93

	
	L5
	15.00
	
	14.42
	14.71
	14.64
	14.77
	14.95
	   14.93
	   14.93
	   14.93
	   14.94

	
	L6
	11.35
	10.89
	
	11.07
	11.06
	11.23
	11.20
	   11.30
	   11.26
	   11.35
	   11.32

	
	L7
	9.87
	
	
	9.60
	9.59
	9.74
	9.86
	    9.78
	    9.78
	       
	    9.70

	
	L8
	2.25
	1.96
	2.00
	2.12
	2.12
	2.18
	2.18
	    2.20
	    2.16
	    2.22
	    2.22

	PB3


	L1
	9.83
	9.02
	
	9.53
	9.50
	 9.78
	 9.76
	    9.89
	    9.86
	    9.94
	    9.91

	
	L2
	9.55
	8.31
	
	9.11
	8.75
	    9.53
	    9.22
	    9.79
	    9.47
	    9.93
	    9.64

	
	L3
	9.10
	
	8.01
	9.13
	8.72
	    9.77
	    9.29
	   10.09
	    9.61
	   10.25
	    9.76

	
	L4
	9.10
	9.69
	9.22
	10.50
	9.98
	   10.94
	   10.44
	   11.19
	   10.73
	   11.31
	   10.83

	
	L5
	10.76
	10.29
	
	10.68
	10.60
	   10.69
	   10.70
	   10.78
	   10.76
	   10.81
	   10.81

	
	L6
	9.10
	8.60
	8.65
	8.94
	9.05
	    9.05
	    9.08
	    9.14
	    9.14
	    9.16
	    9.17

	
	L7
	8.15
	7.83
	
	8.02
	8.16
	    8.17
	    8.13
	    8.20
	    8.20
	    8.24
	    8.22

	
	L8
	1.99
	
	
	1.94
	1.95
	    2.00
	    2.00
	    2.03
	    2.07
	    2.04
	    2.04

	VA30


	L1
	8.00
	7.23
	7.14
	7.66
	7.59
	 7.88
	7.81
	    7.98
	    7.94
	    8.04
	    7.98

	
	L2
	7.67
	6.60
	6.45
	7.26
	7.12
	    7.65
	    7.52
	    7.88
	    7.76
	    8.03
	    7.89

	
	L3
	7.27
	6.64
	6.55
	7.37
	7.28
	    7.85
	    7.72
	    8.12
	    8.05
	    8.27
	    8.19

	
	L4
	
	7.81
	7.63
	8.49
	8.32
	    8.90
	    8.73
	    9.14
	    8.95
	    9.23
	    9.06

	
	L5
	8.81
	8.33
	8.33
	8.56
	8.56
	    8.69
	    8.64
	    8.76
	    8.76
	    8.81
	    8.81

	
	L6
	7.25
	
	6.81
	7.04
	7.03
	    7.15
	    7.15
	    7.22
	    7.21
	    7.25
	    7.24

	
	L7
	6.37
	5.91
	5.91
	6.14
	6.14
	    6.25
	    6.25
	    6.31
	    6.31
	    6.35
	    6.35

	
	L8
	1.27
	1.09
	1.09
	1.17
	1.18
	    1.21
	    1.22
	    1.24
	    1.24
	    1.25
	    1.25


Table 2: HSDPA throughput gains [%]between Macro-Only and Single Frequency Network (SFN) modes of operation; K indicates the application of propagation offsets
	Channel
	User location
	SFN throughput % gain over macro-only

(IPICH level, propagation offsets K)

	
	
	-10 dB, K=0
	-10 dB, K=1
	-13 dB, K=0
	-13 dB, K=1
	-16 dB, K=0
	-16 dB, K=1
	-19dB,

K=0
	-19dB,

K=1
	-22 dB, K=0
	-22 dB, K=1

	PA3
	L1
	-5
	-13
	-1
	-8
	0
	-5
	1
	-4
	
	-2

	
	L2
	0
	
	4
	-13
	7
	-8
	8
	-5
	
	

	
	L3
	
	-15
	17
	-6
	20
	0
	21
	3
	22
	4

	
	L4
	39
	4
	44
	13
	48
	19
	49
	21
	50
	23

	
	L5
	
	-4
	-2
	-2
	-2
	0
	0
	0
	0
	0

	
	L6
	-4
	
	-2
	-3
	-1
	-1
	0
	-1
	0
	0

	
	L7
	
	
	-3
	-3
	-1
	0
	-1
	-1
	
	-2

	
	L8
	-13
	-11
	-6
	-6
	-3
	-3
	-2
	-4
	-1
	-1

	PB3


	L1
	-8
	
	-3
	-3
	-1
	-1
	1
	0
	1
	1

	
	L2
	-13
	
	-5
	-8
	0
	-3
	3
	-1
	4
	1

	
	L3
	
	-12
	0
	-4
	7
	2
	11
	6
	13
	7

	
	L4
	6
	1
	15
	10
	20
	15
	23
	18
	24
	19

	
	L5
	-4
	
	-1
	-1
	-1
	-1
	0
	0
	0
	0

	
	L6
	-5
	-5
	-2
	-1
	-1
	0
	0
	0
	1
	1

	
	L7
	-4
	
	-2
	0
	0
	0
	1
	1
	1
	1

	
	L8
	
	
	-3
	-2
	1
	1
	2
	4
	3
	3

	VA30


	L1
	-10
	-11
	-4
	-5
	-2
	-2
	0
	-1
	0
	0

	
	L2
	-14
	-16
	-5
	-7
	0
	-2
	3
	1
	5
	3

	
	L3
	-9
	-10
	1
	0
	8
	6
	12
	11
	14
	13

	
	L4
	
	
	
	
	
	
	
	
	
	

	
	L5
	-5
	-5
	-3
	-3
	-1
	-2
	-1
	-1
	0
	0

	
	L6
	
	-6
	-3
	-3
	-1
	-1
	0
	-1
	0
	0

	
	L7
	-7
	-7
	-4
	-4
	-2
	-2
	-1
	-1
	0
	0

	
	L8
	-14
	-14
	-8
	-7
	-5
	-4
	-2
	-2
	-2
	-2


4
Conclusions
The document presented analysis for SFN mode of operation for combined cells in a modified scheme where continuous IPICHs are enabled for spatial re-use users' CQI computation. The maximum gain of SFN mode varies from 23% (with realistic propagation offsets) for an IPICH level of -22 dB and decreases to as low as 4% when IPICH is increased to -13 dB. However, the level of IPICH depends on the node selection ability for spatial re-use users [4].
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Annex A
 
User placement

Note that the user geometry values are updated from [3] after removing the effect of shadowing in geometry calculation (this enables easier reproduction of the results from different companies).

Figure A.1: User placement configurations in consideration
In Fig. A.1, the macro is placed at the center of the hexagon and the LPN is placed on the line joining the macro to a hexagon’s corner. We consider 8 user locations indexed from 1-8 in Fig. A.1. Locations 1-4 are close to the LPN while locations 5-8 are distributed in the hexagon’s sector. 

For the link simulations, we require the level of signals received at each user location from the macro, the LPN and the surrounding macro-cells. For this purpose, we use a 57-cell network simulator to calculate the received Ior (macro), Ior (LPN) and the Ioc values (includes contribution from other macro-cells with 20% loading). In this network simulator, we assume a 30 dBm transmit power for the LPN-cell and use 3GPP path loss models. We define geometry (macro/LPN) as the ratio of the Ior(macro/LPN) to the Ioc, where Ioc does not include the contribution for the other cell (LPN/macro).This quantity is tabulated in Table A.1. Different path-delays between the macro and LPN result in an offset of the LPN-signal relative to the macro-signal at the user. Assuming the speed of light c, this offset 
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 denote the distances to the LPN and the macro-cell from the user. The offsets are tabulated in Table A.1 both in nano-seconds and UMTS chips (260ns/chip).
Table A.1: User geometries and propagation offsets for different placements; co-ordinates are given with reference to macro (as origin), LPN at (72 m,-125 m).
	Location 

Index
	Co-ordinates

(x,y) in meters
	Ior(macro)/Ioc 

(in dB)

previous/updated
	Ior(LPN)/Ioc

(in dB)

previous/updated
	LPN propagation offset relative to Macro (in ns)
	LPN propagation offset relative to Macro (in UMTS chips)

	L1
	(57,-99)
	19/16
	5/4
	281
	1.1

	L2
	(62,-107)
	18/15
	12/11
	343
	1.3

	L3
	(65,-112)
	17/14
	17/15
	381
	1.5

	L4
	(67,-116)
	17/14
	24/22
	412
	1.6

	L5
	(0,-83)
	24/19
	-13/-17
	0
	0

	L6
	(0,-167)
	15/14
	-10/-10
	278
	1.1

	L7
	(-72,-125)
	16/12
	-19/-21
	0
	0

	L8
	(-144,-250)
	4/-1
	-28/-32
	129
	0.5


Annex B
 
Link Simulation Parameters

Table B.1: Link simulation parameters for legacy user in SFN mode
	Parameter
	Value
	Comments

	Macro-cell/LPN common parameters

	Transmit antennas
	1
	

	P-CPICH Ec/Ior
	-10 dB
	

	IPICH Ec/Ior 
	-13, -16, -19, -22 dB
	Continuous IPICH for CQI computation of Spatial re-use users

	P-CCPCH Ec/Ior
	-12 dB
	

	SCH Ec/Ior
	-12 dB
	

	PICH Ec/Ior
	-15 dB
	

	HS-SCCH Ec/Ior
	-12 dB


	We use genie based HS-PDSCH decoding in the simulator and not rely on HS-SCCH decoding

	HS-PDSCH Ec/Ior
	remaining
	All of the remaining power

	Macro-cell  

	PSC
	84
	

	Low power Node

	PSC
	84 


	

	User

	Receiver Type
	Type 3i
	LMMSE equalizer 

	Channel Estimation
	Based on P-CPICH
	

	Receive Antennas
	2
	Fading Correlation = 0

	Outer loop
	Enabled
	With 10% target BLER

	CQI feedback delay
	8 ms
	

	CQI calculation
	Based on CPICH SNR
	Post equalizer

	CQI adjustment
	None
	

	CQI feedback error
	0 %
	

	HS-PDSCH scheduling
	Variable Reference Channel based on CQI feedback
	

	Channel

	Channel Type
	PA3, PB3, VA30 
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