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1
Summary

We propose to adopt the following as working assumptions for E-UTRA:

· Unicast common RS structure when unicast and SFN multicast transmissions co-exist in a subframe

· Unicast RS occupies same set of tones across all cells in SFN area

· Reuse = 1

· Unicast common RS structure when no SFN multicast transmissions are sent in a subframe

· Unicast RS can occupy a different set of tones across all cells

· Reuse > 1

· Duty cycle of common RS
· Chosen from {100%, 50%, 25%, 10%} duty cycle

· {20, 10, 5, 2} sub-frames within a 10ms radio frame
2
Discussion
2.1
Common RS Mapping

As agreed in 3GPP TR 25.814, the common RS for unicast has a 1/6th overhead in frequency in every OFDM symbol that it occupies. This allows for the possibility to have a cell specific RS frequency reuse pattern of at least 6 across all cells in the system
. A larger reuse is possible in a synchronous system by further staggering the pilot pattern in time, but this is deployment dependent.

This is shown in Figure 1.
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Figure 1

DL Common Reference Signals – Cell Specific
When SFN multicast transmissions occur in the same subframe as unicast transmissions (typically L1/L2 control signaling such as ACK and UL grants), we cannot have a reuse of 6 for cell specific common RS. This would imply a very large overhead – with a reuse of 6, one has to reserve at least 2 out of 6 OFDM symbols for a subframe for non SFN content.
In this scenario, we propose that the common RS should have a reuse larger than 1 only in the absence of any SFN transmissions in a given subframe. 

Therefore, in the presence of SFN services in the system, the common RS in each cell have two frequency patterns.

· RS Pattern 0

· Only cell specific traffic transmitted in the subframe

· RS reuse factor could be larger than 1

· RS Pattern 1

· SFN and cell specific traffic multiplexed in the same subframe

· RS reuse factor is 1 or smaller than the reuse factor with pattern 0
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Figure 2

Common RS Mapping
2.3
Common RS Duty Cycle

All the analysis (link and system) conducted during the SI phase was based on the assumption that the DL common RS are present 100% of the time. We question the validity of such an assumption in the context of two issues:

2.3.1
TDD

By definition, in TDD, the DL common RS (called CPICH for convenience) cannot be transmitted 100% of the time. This implies that the spec would anyway have to support a lower duty cycle CPICH – in case of TDD, this is linked to the asymmetry between DL and UL subframe allocation.
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Figure 4

TDD

From the viewpoint of maintaining a commonality, there is no reason to mandate a 100% duty cycle CPICH for FDD and allow lower “duty cycles” for TDD.

2.3.2
Partial Load
Cellular networks frequently experience partial loading scenarios, wherein most of the traffic is concentrated in a few cells and the rest of the cells are idle.

For such idle cells, there is no specific reason to continue transmitting the CPICH 100% of the time, especially when the power allocated to the CPICH is non-trivial and when CPICH contributes to interference in adjacent cells.

With lower duty cycle CPICH from adjacent cells, the fairness improves significantly. 
We considered a scenario wherein one cell in the system is loaded and the neighboring cells are lightly loaded, transmitting only CPICH at either 100% or 50% or 10% duty cycle. We assume that CPICH consumes 10% of the transmit power in each cell.
	Case
	Full Load
	Partial Load

	
	
	1
	2
	3

	Partial Load [%]
	100
	10
	10
	10

	CPICH Duty Cycle [%]
	100
	100
	50
	10

	Average Cell Throughput [Mbps]
	17.0
	25.4
	26.4
	28.0

	Average Cell Throughput Gain w.r.t Case 1  [%]
	N/A
	x
	1.04x
	1.10x

	5% User Throughput [Mbps]
	0.59
	1.68
	1.95
	2.41

	5% User Throughput Gain w.r.t  Case 1  [%]
	N/A
	x
	1.17x
	1.44x


Table 2

Partial Loading – Scenario I – 500m ISD – 3 kph
It is seen that the 5% user throughput increases significantly, as the neighbor cell CPICH duty cycle is reduced.
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� In other words, RS in a cell do not collide with RS from 5 neighboring cells. In a fully loaded system, RS in a cell will still collide with data tones from those neighbor cells – in this sense, the word reuse is useful only if no data transmissions occur in the system.
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