3GPP TSG RAN WG1 Meeting #72
R1-130611
St Julian’s, Malta, 28th Jan – 1st Feb 2013
Agenda Item:
6.3.1
Source:
Ericsson, ST-Ericsson
Title:
Link Level Analysis of Single Frequency Network mode for Combined Cell Deployments
Document for:
Discussion and Decision

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 [2], we list some of the deployment scenarios we need to study as part of the study item. One important deployment scenario is when each LPN creates a separate cell within a macro network. We refer to this as co-channel deployment.  Another deployment scenario which is attractive in terms of qualitative aspects is the combined cell deployment.  

In this contribution, we investigate the performance of combined cell when operating in single frequency network (SFN) mode with link simulations. Simulation results suggest that significant gains can be achieved at low SINR when the UE is operating in the SFN mode, hence the coverage can be improved. Link analysis and link simulation results also suggest that not all nodes are useful for SINR improvement as some of the nodes may not contribute to the effective channel. 
2 Single Frequency Network (SFN) mode
In this mode, multiple nodes (e.g. macro and LPNs) transmit the same data to a specific UE. Hence, the signal to noise ratio of the UE can be improved.  The main idea of this mode is to combine signals over the air from all nodes by means of transmitting exactly the same pilot, control channels, and data channel in downlink using the same carrier frequency and spreading and scrambling codes.  Figure 7 shows the conceptual diagram of this mode, where we assumed one macro node and 3 LPN are deployed in a combined cell. Since in this mode, signal to noise ratio is improved by the addition of LPNs, this mode can be used for coverage improvements.  




Figure 1 Downlink channel configuration in the combined cell deployment with the SFN mode
3 HS-SFN in Multi Flow 

Note that HS-SFN mode was studied as part of Multipoint study item for Release 11.  It was observed that even though the HS-SFN provides gains with a low complexity receiver, there were some issues with the CQI computation for legacy UEs. We insist that the SFN mode in combined cell is different to the HS-SFN mode. Figure 2 shows the HS-SFN mode considered in the Multipoint study item, where the pilots and the control channel information from the two nodes are different, while for data transmissions, same data is transmitted from the two nodes.  Observe that in the SFN mode in combined cell same pilot is transmitted. Hence the legacy UE computes the composite channel from all the nodes like any other UE; hence we don’t see any problem with CQI computation in combined cell.
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4 Link Level Analysis 
Let’s consider the case a UE is served by a Macro node and number of LPNs equal to Np for simplicity. The received signal 
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 during a slot can be written as follows:
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(1)
where 
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 is the channel between the macro node and the UE,  
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 is the channel between the jth LPN and the UE.  Note that the channel is represented by a Toeplitz matrix.
The vector 
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 denotes the pilot chip sequence, 
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 denotes the control channel chip sequence and 
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 denotes the data channel chip sequence. The variable 
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 is the path gain from the macro node to the UE and 
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is the path loss from the jth LPN to the UE, and n is the additive white Gaussian noise which includes both the thermal noise and the other cell interference. The variables Pp, Pc and Pd are the transmitted power levels for the common pilot, control channels (overhead channels), and data channel (HS-PDSCH). It is assumed that in the SFN mode all the nodes transmit the same pilot, control channels, and the data traffic channels. Though the total power of the macro node and LPN may be different, the power allocations among the pilot, control, and data channels can be the same between the macro and LPN.  The difference between the macro and LPN power levels can be absorbed into the path loss terns in equation (1).

Since, in SFN mode all the nodes transmit the same signal, the equation (1) can be written as 
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(2)
 Equation (2) can be written as  
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(3)
It can be seen that from the system equation that the effective channel is a composition of channels from different nodes. Note that the effective channel is scaled by the path gain from the Macro node. 
  where the effective channel is given by
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5 Simulation Model

We evaluate the performance by link level simulations. 1x2 SIMO configuration is considered with link adaptation, where the modulation, coding rate, and the transport block size are dynamically updated for each TTI.  In our simulations we assume perfect channel estimation. For link adaptation, UE chooses the modulation MCS based on the Shannon capacity. The feedback is assumed to have 4 TTI delays and is assumed to be error free. Simulations are run for a UE with different Ior/No and the wireless channel assumed is Pedestrian A channel. Here, Ior is the total received power level at the macro node, and No is the one-sided noise power spectral density of the noise term in equation (1). In our discussion below, we refer to Ior/No as the Geometry factor. The velocity of the mobile is assumed to be 3 Kmph.  The main simulation parameters are tabulated in Table 1. 
Table 1: Link level simulation parameters.

	Parameter
	Value
	Comments

	P-CPICH_Ec/Ior
	-10dB
	

	S-CPICH1 Ec/Ior
	-100dB
	

	S-CPICH2 Ec/Ior
	-100dB
	

	S-CPICH3 Ec/Ior
	-100dB
	

	Demodulation-CPICH Ec/Ior
	As needed (-100 dB)
	

	Spreading factor for

HS-PDSCH
	16
	

	Modulation
	QPSK, 16QAM, 64QAM
	

	TBS
	Variable
	CQI based scheduling

	Number of Transport Blocks
	1
	

	HSDPA Scheduling Algorithm
	CQI based
	

	Geometry
	[0 5 10 15 20 ]dB
	

	CQI Feedback Cycle
	1 TTI
	

	CQI feedback error
	0 %
	

	HS-DPCCH ACK/NACK feedback error
	0 %
	

	Maximum number of HS-DSCH codes
	15
	

	Number of HARQ Processes
	6
	

	Maximum Number of H-ARQ Transmissions
	1
	

	HARQ Combining
	Chase Combining, 
	

	Redundancy and constellation version coding sequence
	{0,3,2,1} for QPSK

and 16QAM 

{6,2,1,5} for 64QAM
	

	Target Number of H-ARQ Transmissions
	1
	

	Residual BLER
	10% after 1 transmission
	

	Number of Rx Antennas
	2
	

	Channel Encoder
	3GPP Turbo Encoder
	

	Turbo Decoder
	Max- Log MAP
	

	Number of iterations for turbo decoder
	8
	

	Precoding weight vector determination
	NA
	

	Quantization of Precoding vector
	NA
	

	PCI/CQI Feedback delay
	12 slots
	

	Precoding Feedback error rate
	0%
	

	Precoder update rate
	NA
	

	Propagation Channel Type
	PA3
	

	Channel Estimation
	             Ideal
	

	Noise Estimation
	             Ideal
	

	UE Receiver Type
	Type3 
	

	Tx Antenna Correlation
	0
	

	Rx Antenna Correlation
	0
	

	   Interference Modeling
	As outlined in Section 4
	


6 Link Level Simulation Results
6.1 SINR analysis 
Figure 3 shows the cumulative distribution function (CDF) plot for the received SINR with two links at geometry of 0 dB. Note that the geometry is defined with respect the first link (macro node) which has path gain of L0 to the UE. It can be seen that the addition of LPN does improve the SINR as the effective channel is the summation of the two nodes as in equation (4).  [image: image14.emf]0 10 20 30 40 50 60
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Figure 3 Cumulative distribution of SINR at geometry equal to 0 dB. Note that the geometry is defined with respect to macro node.
Figure 4 shows the CDF of SINR at geometries equal to 10 dB. Observe that there is no improvement between the cases when the path gain of the LPN is weaker than the macro node and the case when the path gain is equal to the macro node. Hence, in this case the LPN is not useful for data transmission as it might cause interference to the other cell users. 

Figure 5 shows the CDF of SINR at geometry equal to 20 dB. In this case, there is no difference between the 3 curves. Hence the performance will be same for all the three path gain ratios. 
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Figure 4 Cumulative distribution of SINR at geometry equal to 10 dB. Note that the geometry is defined with respect to macro node.
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Figure 5 Cumulative distribution of SINR at geometry equal to 20 dB. Note that the geometry is defined with respect to macro node.
6.2 Link Throughput

Figure 6 shows the link throughput with respect to the geometry for different path gain ratios. In this case also the geometry is defined with respect to the macro node. Observe that there is no difference in throughout when the path gain difference is -100 dB (no assisting LPN) and -10 dB (distant LPN).  It can be observed that significant gains can be obtained if the path differences are high. Hence only the links which can assist the macro are useful in combined cell deployments. This result motivated us to investigate the performance if only relevant nodes transmit to the UE rather than transmission from all nodes. 
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Figure 6 Link throughput with respect to link geometry. Note that the geometry is defined with respect to the macro link. 
6.3 Impact of Time Delay between Nodes
One drawback with SFN mode is the increased delay spread due to propagation delay between two nodes. Figure 7 shows the impact when the path gains from the two links are equal (L1=L0). It can be observed that link throughput is impacted due to the propagation delay as the multipath delay spread is increased due to the propagation delay mismatch. The impact is severe if at high geometries rather than at low geometries. 
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Figure 7 Link throughput with time difference between nodes. Note that both the nodes have the same path gains from the UE.
7 Summary and conclusions

In this contribution, we have shown the link performance in combined cell deployment with SFN mode, where all the nodes transmit the same signal.  It is observed that when the UE is operating in the SFN mode, significant gains can be achieved with combined cell deployment in low geometries. It was also observed that all the nodes may not contribute to improve the performance of the combined cell. This motivates us to study when only a subset of nodes transmits to a single UE thereby increasing the capacity or/and reducing the inter cell interference.
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Figure 2 HS-SFN mode in Multipoint operation. Observe that pilots are different in HS-SFN transmission. 
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