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1
Introduction
A study item on UMTS Heterogeneous Networks was started in RAN#56 [1]. Deployment of Low Power Nodes (LPN) as a complement to a macro network aims at improving capacity and coverage.  In this contribution we provide the content on system performance of combined cell deployments for the section 7.3.5 in the proposed HetNet TR Skeleton [2]. 
2. Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

7.3.5
System Performance 
The performance of combined cell deployment was evaluated via system and link simulations. For system simulations full buffer traffic is assumed. System simulation assumptions are summarized in Annex A.1 and system performance evaluation metrics in Annex A.2. Link simulation assumptions are summarized in Annex A.3. The gains are presented as the percentage increase over the baseline throughput. The baseline throughput is obtained when LPNs are not present in the Macro cell.
7.3.5.1
Single Frequency Network Mode
Figure xx shows the average sector throughput vs. number of users per macro node. It can be observed that the performance is improved at all loads. This is due to the signal to noise ratio is increased with the addition of low power nodes.
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Figure xx Average sector throughput vs. number of users per each macro node. Note that number of  LPNs per each macro node is equal to 4.

Figure xy shows the percentage of gain with respect to the case when no LPN was deployed when we change the power of each LPN.  Note that the gains decrease as we decrease the power of each LPN as the SINR of the SFN channel is reduced when we reduce the power of each LPN. 
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Figure xy Percentage of gain in average sector throughput as a function of LPN power. Note that number of LPNs per each macro node is equal to 4 with 16 UEs per macro.

7.3.5.2
Node Selection with Spatial Reuse Mode

In a combined cell deployment, all the nodes transmit the same common pilot (P-CPICH) and the UE computes the channel quality indicator (CQI) based on the combined pilots. Hence the central node does not know where the UE is located or which nodes should transmit data to this particular UE. This is similar to cell selection in co-channel deployment, where the UE compares the pilot strengths of each node and decides which cell is better suitable.  Since in a combined cell all the nodes have the same primary scrambling code, the UE can not distinguish individual pilots. For identifying the best suitable node for data transmission, two solutions are considered. The first one is introducing new probing pilots which can be transmitted continuously at a low power level, the other one is using demodulation pilots as probing pilots with higher power
A
Solution I (Using low power level probing pilots and demodulation pilots)
Figure xz shows the message sequence chart of this method. Assume that a combined cell deployment consists of 4 nodes serving multiple UEs (The same procedure applies if the number of nodes is more than 4 or less than 4).  A reference signal which is unique to each node in a combined cell called fractional CPICH (F-CPICH) is transmitted from each node simultaneously and continuously. The F-CPICH is characterized by a spreading code (typically SF= 256) and a scrambling code which is either the primary scrambling code or a secondary scrambling code of the combined cell.  The F-CPICH channel power levels may be indicated to the UE during the initial cell set up. Such a F-CPICH signal can be used as the probing pilots. In addition to F-CPICH, the primary common pilot (P-CPICH) which is common to all the nodes is continuously transmitted. From these two different pilot signals, the UE estimates the channel and feeds back the channel quality information (CQI) associated with these two pilots at two time intervals. Note that the CQI estimated with F-CPICH indicates the channel quality corresponds to the specific node, referred to hereafter as CQIF, and the CQI computed using P-CPICH is the channel quality using the combined nodes, referred to hereafter as CQIP. These two CQIs are time multiplexed and sent on the uplink feedback channel HS-DPCCH. The same HS-DPCCH signal is received by all the nodes. The central processing unit processes the received signal (HS-DPCCH) from all the nodes.  From CQIF the central scheduler identifies which node the UE is close to.  Hence the scheduler informs the respective node to transmit to the UE. The assigned node transmits the demodulation pilot channel (D-CPICH), downlink control channel (HS-SCCH) and the downlink traffic channel (HS-PDSCH) to the respective UE. Similarly, the central scheduler informs the other nodes to transmit to the other UEs. Note that D-CPICH and F-CPICH use different spreading codes and may have different power levels. For example, the power level of F-CPICH may be relatively low and D-CPICH may be relatively high.  Note that the exact design of probing pilots can be discussed during the work item phase
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Figure xz Message sequence chart between the nodes and the UE using Solution I.

B
Solution II (Using high power level demodulation pilots)
Figure xa shows the message sequence chart of this solution. Assume that a combined cell deployment consists of 4 nodes serving multiple UEs (The same procedure applies if the number of nodes is more than 4 or less than 4). Instead of using an additional signal as the probing pilots, demodulation pilots are used from each node also as the probing pilot. In addition, all the nodes transmit the same pilot signal P-CPICH. Note that channel sounding for CQI estimation is done on D-CPICH. From the D-CPICH signal the UE estimates the channel and feeds back the channel quality information (CQI). The CQI information is sent in HS-DPCCH. The same HS-DPCCH signal is received by all the nodes.

[image: image4.emf]
Figure xa Message sequence chart between the nodes and the UE using Solution II.

The central processing unit processes the CQIs and identifies which node(s) a UE is closest to. Hence the scheduler informs the respective node to transmit to the UE. The assigned node transmits the downlink control channel (HS-SCCH) and the downlink traffic channel (HS-PDSCH) to the respective UE. Note that in this solution, D-CPICH needs to be continuously transmitted from each node with a higher power as it is used for data demodulation.

C
System Simulation Results for Solution I 

Figure xb shows the percentages of gain with respect to homogeneous network vs. number of users per macro cell with uniform UE dropping. It can be observed that the performance is improved at all loads except at a very low load, e.g., 0.1 users per macro cell.  Similar to co-channel deployment, the gains are mainly due to offloading and also the improved geometry for those UE which are getting downlink transmission from LPN. The performance with co-channel deployment is also shown. Without taking into demodulation pilot (D-CPICH) overhead, the performance of spatial reuse mode is slightly better compared to that of co-channel deployment.  With the addition of demodulation pilot overhead (-13 dB) i.e. 25% overhead in total, the gains due to combined cell reduces as the power allocated for HS-PDSCH is less.  Hence slight degradation is observed in Figure xb. 
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Figure xb Percentage gains with respect to homogeneous network. Note that 4 LPNs per macro cell.
D
System Simulation Results for Solution II 

Table xx shows the percentage of gains achieved with solution II. Note that in this scheme the gains are less compared to solution I.  This is due to the additional pilot overhead of D-CPICH (-10 dB). 
Table xx Percentage of gains with solution II (16 UEs per macro cell)

	Throughput  Metric
	Homogeneous

Network in Mbps
	Spatial Reuse Mode

	
	
	Value in Mbps
	% Gain

	Average Sector Throughput


	6.6
	20
	203.1

	Average User Throughput
	0.41
	1.25
	204.87

	Average cell edge user Throughput
	0.069
	0.11
	59.42

	Median user Throughput
	0.37
	0.72
	94.6


 E
Link Simulation Results for Solution I and Solution II

Figure xc shows the user placement for analyzing the gains achieved with spatial reuse mode via link simulations.  The macro node 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. xc. Locations 1-4 are close to the LPN while locations 5-8 are distributed in the hexagon’s sector. 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) is considered.  In these simulations, we assume a 30 dBm transmit power for the LPN-cell and use 3GPP path loss models.

Figure xc User placement configurations in consideration
The geometry (macro/LPN) is defined 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 xa. Different path-delays between the macro and LPN results 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 xa both in nano-seconds and UMTS chips (260ns/chip).
Table xa 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)
	Ior(LPN)/Ioc

(in dB)
	LPN propagation offset relative to Macro (in ns)
	LPN propagation offset relative to Macro (in UMTS chips)

	L1
	(57,-99)
	19
	5
	281
	1.1

	L2
	(62,-107)
	18
	12
	343
	1.3

	L3
	(65,-112)
	17
	17
	381
	1.5

	L4
	(67,-116)
	17
	24
	412
	1.6

	L5
	(0,-83)
	24
	-13
	0
	0

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

	L7
	(-72,-125)
	16
	-19
	0
	0

	L8
	(-144,-250)
	4
	-28
	129
	0.5


For the settings of spatial reuse mode and co-channel HetNet modes, two users are simulated in the network. The first user is always allocated to the macro-cell and the second user is allocated to the low-power node. The gains are shown in Table xb.  We observe that gains as high as 66% obtained over macro-only network when we consider the solution II of the spatial reuse mode. This highest gain compares to 59% for the solution I. For both of these solutions, the highest gain was observed when Users 1 and 2 are placed at locations L5 and L4 and associated to macro and low power node respectively.  Compared with the solution I, we observe 4-10% additional gains for the solution II at most of the highlighted locations. It is worthwhile to note that these gains are obtained in spite of the fact that extra power is allocated to D-PICH, reducing the available HS power. This extra power allocation to the control channels might be the reason the performance of the enhanced proposal is still lower than the co-channel deployment by 8-11% at most locations.

Table xb Link throughput comparison between Solution I and II in spatial reuse mode. User 1 assigned to macro and User 2 assigned to LPN.

	Channel
	User locations

(User1, User2)
	Macro-Only

Mbps
	Solution I
Mbps (% gain)
	Solution II

Mbps (% gain)
	Co-channel deployment
Mbps (% gain)

	     PA3
	(L1,L3)
	14.44
	18.29(27)
	17.70(23)
	18.91(31)

	
	(L1,L4)
	14.44
	20.21(40)
	20.41(41)
	22.00(52)

	
	(L2,L4)
	14.09
	17.62(25)
	17.57(25)
	18.89(34)

	
	(L5,L1)
	16.35
	15.62(-4)
	18.40(13)
	19.15(17)

	
	(L5,L2)
	16.01
	19.11(19)
	20.99(31)
	21.96(37)

	
	(L5,L3)
	15.64
	21.99(41)
	23.34(49)
	24.81(59)

	
	(L5,L4)
	15.64
	24.80(59)
	26.03(66)
	27.59(76)

	
	(L6,L2)
	13.63
	14.64(7)
	15.40(13)
	16.70(23)

	
	(L6,L3)
	13.26
	17.84(35)
	17.77(34)
	18.95(43)

	
	(L6,L4)
	13.26
	19.96(51)
	20.63(56)
	22.09(67)

	
	(L7,L1)
	14.06
	11.99(-15)
	13.79(-2)
	14.57(4)

	
	(L7,L2)
	13.72
	15.84(15)
	16.54(21)
	17.69(29)

	
	(L7,L3)
	13.35
	19.15(43)
	18.70(40)
	19.93(49)

	
	(L7,L4)
	13.35
	21.00(57)
	21.43(61)
	23.08(73)

	     PB3
	(L1,L3)
	10.49
	13.21(26)
	13.59(30)
	14.58(39)

	
	(L1,L4)
	10.53
	15.37(46)
	15.86(51)
	16.87(60)

	
	(L2,L4)
	10.43
	13.31(28)
	13.61(30)
	14.63(40)

	
	(L5,L1)
	11.21
	10.50(-6)
	12.14(8)
	12.90(15)

	
	(L5,L2)
	11.12
	12.60(13)
	14.24(28)
	15.16(36)

	
	(L5,L3)
	10.93
	15.30(40)
	15.95(46)
	16.96(55)

	
	(L5,L4)
	10.97
	17.40(59)
	18.14(65)
	19.31(76)

	
	(L6,L2)
	10.12
	10.88(8)
	12.08(19)
	12.92(28)

	
	(L6,L3)
	9.93
	13.61(37)
	13.78(39)
	      14.74(48)

	
	(L6,L4)
	9.97
	15.67(57)
	16.10(61)
	17.24(73)

	
	(L7,L1)
	10.38
	9.28(-11)
	10.41(0)
	11.09(7)

	
	(L7,L2)
	10.29
	11.40(11)
	12.48(21)
	13.44(31)

	
	(L7,L3)
	10.10
	14.05(39)
	14.31(42)
	15.27(51)

	
	(L7,L4)
	10.14
	15.95(57)
	16.57(63)
	17.61(74)

	VA30
	(L1,L3)
	8.66
	9.82(13)
	10.46(21)
	11.19(29)

	
	(L1,L4)
	8.66
	11.86(37)
	12.49(44)
	13.39(55)

	
	(L2,L4)
	8.55
	9.79(15)
	10.36(21)
	11.13(30)

	
	(L5,L1)
	9.26
	8.71(-6)
	9.57(3)
	10.14(10)

	
	(L5,L2)
	9.15
	9.96(9)
	10.95(20)
	11.63(27)

	
	(L5,L3)
	9.02
	11.76(30)
	12.65(40)
	13.43(49)

	
	(L5,L4)
	9.02
	13.79(53)
	14.69(63)
	15.53(72)

	
	(L6,L2)
	8.24
	8.33(1)
	9.10(10)
	9.66(17)

	
	(L6,L3)
	8.10
	10.07(24)
	10.79(33)
	11.52(42)

	
	(L6,L4)
	8.10
	12.16(50)
	12.83(58)
	13.71(69)

	
	(L7,L1)
	8.51
	7.49(-12)
	8.15(-4)
	8.66(2)

	
	(L7,L2)
	8.40
	8.73(4)
	9.53(13)
	10.17(21)

	
	(L7,L3)
	8.27
	10.53(27)
	11.22(36)
	11.96(45)

	
	(L7,L4)
	8.27
	12.57(52)
	13.27(60)
	14.11(71)


F
Conclusions on Performance of Spatial Reuse Mode 

Both system level simulations and link level simulations have shown significant throughput gains with spatial reuse mode as compared to the macro only network. Compared to the co-channel deployment, there is a small percentage loss due to the additional pilot overhead in spatial reuse mode.
[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]

3
Conclusions

It is proposed to agree to and capture the text proposal on system performance of combined cell deployments as presented in this document to the UMTS Hetnet TR [2].
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