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1 Introduction

Although the distributed type downlink (DL) transmission with Nd=3 –order diversity is a working assumption for quite some time, there is still concern of some companies about the need for it. The simulations results for DL distributed transmission were presented in [1]-[3] (RAN1#50bis), in  [4], [5] (RAN1#51) and in [6] (RAN#52). 
In order to give a further insight about the usefulness of this transmission mode, we present the new system simulations results for the DL distributed transmission with both Nd=2 and Nd=3 –order diversity. For reference, simulations results for Nd=1 and Nd=10 are also presented. 

2 Simulations assumptions
We have carried out system simulations under the assumptions listed in Table 2. With respect to these assumptions notice in particular the following:

· Three cell lay-out scenarios are evaluated, with 250m, 500m and 1732m inter-site distances. 
· The emitted power from the eNodeB in all scenarios is the same. 
· The 3 strongest interfering cells' frequency selective channels are explicitly modelled.

· For Nd=1 and Nd=2, the PRB mapping is performed following the current specification/working assumption, i.e. as being cell-common, while for Nd=3 and Nd=10, the RB-mapping is cell-specific. 
· For Nd=3 and Nd=10 we have assigned each of the cells in the network a length-11 random hopping sequence for use in the PRB-mapping process. PRB-hopping is performed from one OFDM symbol to the next over the 11 data carrying OFDM-symbols in a subframe.
· All PRBs are used for distributed transmission. The Nd PRBs used for carrying a user's data are distributed evenly over the whole available system bandwidth with a fixed spacing 
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· In all scenarios the BLER (targeted and measured) BLER was in the range 19-28%.

3 Simulations results

The Fig.1 shows how the spectral efficiency changes with Nd, for each of the evaluated scenarios. 
The spectral efficiency curves are increasing with a steep slope between Nd=2 and Nd=3 - only at higher values the curves flatten.
Even more, by reducing the intersite distance, the gain of moving from Nd=2 to Nd=3 becomes more and more the same as the gain of moving from Nd=1 to Nd=2. 

This phenomenon can be explained by the formula for the received SINR at the UE:
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As the transmitted power is assumed independent of the cell size, by reducing the cell size the received powers from both the connected base station and the interfering base stations, Pdesired and Pinterference increase. However, their ratio remains the same if the UEs are uniformly spatially distributed in a cell, as by reducing the cell size the average distance between eNodeB and the UE also diminishes, so Pdesired increases. In the same time, the thermal noise power is a constant, so its contribution to the SINR diminishes with the increase of the Pdesired. Thus the received SINR improves in average by reducing the cell size, resulting in higher spectral efficiency, as can be observed in Fig.1. 

Then, if we consider the above formula to be a received SINR for a single PRB (out of Nd PRBs used for the distributed transmission), we see that by reducing the influence of the additive noise power we obtain better discrimination between the SINRs of the different PRBs, in other words, we obtain higher diversity at the UE’s receiver. That explains the increase of the slope of the curves in Fig.1 when the ISD is reduced.
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Figure 1: Spectral efficiencies for scenarios employing different values of Nd.

The difference between the 250m and the 500m cell site distance is quite small. Apparently the 500m case is already so small that the thermal noise becomes hardly noticeable and decreasing the distance even more does not make a big difference.  The small decrease in performance at Nd=10 (compared to the 500m case) is due to simulations statistics.  
4 Conclusion

The simulations results form a clear justification for including the Nd=3 configuration in the specifications, as obviously there might be cell layout scenarios where it can double the gain achievable by Nd=2.
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Table 2: Simulations assumptions

	Carrier frequency
	2 GHz

	Cellular layout
	19 eNodeB's, 3-cell sites, UEs uniformly distributed

	System load
	15 full buffer UEs

	Intersite distance
	250m, 500 m and 1732 m

	Tx power
	43 dBm

	Transmission bandwidth mode
	5 MHz (300 subcarriers @ 15 kHz spacing)

	Penetration loss
	20 dB

	Channel model
	Typical urban

	UE speed
	3 km/h

	Explicitly modelled interfering cells
	3 strongest interfering cells

	Number of used PRBs
	25 (12 subcarriers each)

	TTI length
	1 ms (1 subframe, 14 OFDM symbols)

	symbol mapping
	11 OFDM symbols per subframe

	Antenna configuration
	1 x 2 (receive diversity)

	channel estimation
	ideal

	Channel coding
	1/3 turbo coding, max-log MAP decoder

	CQI delay
	3ms

	H-ARQ re-transmission
	1 initial transmission + up to 3 re-transmissions

(Chase combining)

	Transport block size
	320 bits

	modulation and coding schemes
	4 different physical channel sizes:

1. QPSK, 4 PRBs (1008 bits, rate = 0.317)

2. QPSK, 3 PRBs (756 bits, rate = 0.423)

3. QPSK, 2 PRBs (504 bits, rate = 0.635)

4. 16QAM, 1 PRB (504 bits, rate = 0.635)

	Distributed transmission
	Nd=1,2,3,10 with cell-specific distributed mapping 

	Scheduling
	Dynamic

	Simulation time
	500 independent drops
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