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1 Introduction

In the last meeting RAN1#68, it has been discussed the issue of synchronisation for the additional new carrier type (NCT) in Release 11. The main conclusion was as follows:

· No new detection/acquisition signals will be designed for the NCT (except possibly new time/frequency configurations of existing signals)

· For non-synchronized new carriers:

· Working assumption: Rel-8 PSS/SSS sequences are transmitted

· Time-frequency location of PSS/SSS is FFS; baseline is as per Rel-8. For proposals for other time-frequency locations, benefits relative to baseline should be shown

· Study further whether there is a benefit in preventing a Rel-8 UE acquiring the PSS/SSS of a carrier of the new type, and if so, how this might be done

Aim to confirm the working assumption and close the FFS at RAN1#68bis.
In this contribution, we discuss the benefits of configurable locations in time-frequency for the PSS/SSS signals of the unsynchronised NCT in Release 11.
2  Configurable Time-Frequency locations for PSS/SSS signals 
The existence of PSS/SSS signals in Rel-8 locations for the unsynchronised NCT has been agreed as a working assumption in the last meeting. However, it is FFS whether the location of the PSS/SSS signals can be made configurable. In this section we discuss the benefits of introducing configurable locations for PSS/SSS signals for the unsynchronised NCT in Release 11. 

HomNet Scenario: In homogeneous networks, the performance of intra-frequency cell identification with neighbouring cell PSS/SSS interference has been studied and evaluated in Release-8 for both synchronous and asynchronous cases in RAN4 [e.g.1-2]. In those performance evaluations, it has been found that the asynchronous case, where synchronisation signals between the target cell and interfering cells are not colliding, has better performance than synchronous case in terms of 90th percentile acquisition time in low SINR region.
HetNet Scenario: In heterogeneous networks case, carrier aggregation scenario 4 [4] is considerable for unsynchronised NCT. The carrier aggregation is Macro Pcell (F1) and Pico Scell/NCT (F2) as shown in Figure 1. In this scenario, F2 could be unsynchronised NCT.
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       Figure 1. Carrier aggregation scenario 4 with F1 for Macrocell and F2 for NCT (Pico) 
In this scenario, PSS/SSS signals are not protected between the pico cells and the ISD between the pico cells can be very small. So the PSS/SSS interference from other pico cells is an issue.
We have carried out system simulations to show SINR improvement of PSS/SSS signals by using configurable PSS/SSS locations with simulation assumptions/conditions shown in Appendix-A (CA Scenario 4). The simulation results collected here relates only the interference between pico cells (NCTs) as macro cell uses different carrier frequency. One thing to note in the simulation assumptions is that each pico cell randomly selects one of the five PSS/SSS locations in the time domain, and hence no clever cell planning scheme has been applied, and each pico cell’s PSS/SSS signals are interfered by PSS/SSS of other cells which select the same PSS/SSS configuration and other pico cells’ PDSCH with a probability L, i.e. system load.
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Figure 2. CDFs of PSS/SSS SINR over different system load levels with PSS/SSS position reuse factor for pico cell (NCT) = 5
As shown in Figure 2, the curve for Load=100% corresponds to the legacy fixed PSS/SSS location case, because the PSS/SSS interference can not be avoided at all, and the others represent configurable PSS/SSS locations. The curves show that the SINR of PSS/SSS has improved significantly depending on the system load level; and the lower the load the higher the SINR.
Therefore, based on the above discussions and simulation results, by making the synchronisation signals not colliding in the same locations (i.e. time-frequency resource) will improve the performance of the cell identification.
One possible solution is to introduce new configurable locations for PSS/SSS signals either in time domain or frequency domain for the purpose of cell identification for unsynchronised new carrier type (NCT) in Release-11. 
2.1 Configurable time domain locations for PSS/SSS signals
For FDD system, the PSS/SSS signals of different cells could be placed in different subframes in order to avoid inter-cell interference. For example Pcell can inform UE in advance about the location of PSS/SSS by signalling the time and frequency location explicitly, or signalling a pre-defined ‘configuration index’ from which the time and frequency location can be inferred for the NCT as shown in Table 1 below and also depicted on Figure 3.
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  Figure 3. PSS/SSS signals configured on different subframes in FDD system
   Table 1. PSS/SSS signals configured on different subframes in FDD system
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0 No PSS/SSS  exist 

1 0, 5

2 1,6 

3 2,7

4 3,8

5 4,9


There are two possible alternatives how UEs can find out the location of PSS/SSS signals (i.e. the subframe within the radio frame) as follows:

a) In advance, Pcell informs UE about the location of PSS/SSS explicitly by RRC signalling relating the time and frequency location, or by signalling a pre-defined ‘configuration index’ from which the time and frequency location can be inferred. An example of the configuration index is shown in Table 1 above.  

b) Pcell does not need to signal the location of PSS/SSS to the UE, instead UE can work out the location of PSS/SSS from the detected Cell ID based on this equation: configuration index = (Cell ID mod 5)+1, where configuration index tells UE about the exact PSS/SSS location, an example is shown in Table 1 above.
However, the time domain locations can not be directly applied to TDD system as the number of downlink subframes varies depending on the UL-DL subframe configurations, only subframes 0, 5 and partially 1, 6 are mainly constant downlink subframes in every configuration. 
2.2 Configurable frequency domain locations for PSS/SSS signals
For both FDD and TDD systems, an alternative solution could be to design multiple frequency domain locations for PSS/SSS signals, possibly in the same legacy subframe locations (i.e. 0, 5 and 1, 6). In this case, different neighbouring cells can be configured to different frequency domain locations for their PSS/SSS signals in order to avoid inter-cell interference at least for larger bandwidths (BW ≥ 18RBs). Figure 4 and Table 2 shows how different “configuration index” can be placed on larger bandwidths (BW ≥ 18RBs). 
[image: image5.emf]Centre 6RBs

SCH signals

Config1

6RBs (first right)

new SCH location

Config 2

RF carrier

6RBs (first left)

new SCH location

Config 3

6RBs (2

nd

left)

new SCH location

Config 5

6RBs (2

nd

right)

new SCH location

Config4

System bandwidth (BW)


Figure 4: Different frequency domain locations for PSS/SSS signals in both FDD and TDD systems
 Table 2. Different frequency domain locations for PSS/SSS signals in both FDD and TDD systems
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In this design, there are some complexities involving if UE is supposed to monitor multiple frequency domain locations for PSS/SSS signals at the same time. Therefore, in HetNet scenario, it may be preferable to limit the number of configurations within the macro cell area. In addition, passband filtering or down-conversion of the PSS/SSS signals received from new carrier type would be necessary.
Nevertheless, the advantage of frequency domain locations for PSS/SSS signals is the commonality between the FDD and TDD systems.
Conclusion
In this contribution, we have discussed the benefits of configurable locations in time and frequency for the PSS/SSS signals of the unsynchronised NCT in Release 11. Based on the discussions and simulation results　in CA scenario 4, by making the synchronisation signals (i.e. PSS/SSS) from different pico cells not colliding in the same locations (i.e. time-frequency resource) will improve the performance of the cell identification for unsynchronised new carrier type (NCT) in Release-11.
Proposal: Introduce new configurable locations for PSS/SSS signals either in time domain or frequency domain for unsynchronised new carrier type (NCT) in Release-11.
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Appendix A: Simulation Assumptions

	Parameter
	Value

	Deployment Scenario
	19 x3 macro cells wrap-around with 4 pico-nodes randomly placed per macro eNB area 

	Bandwidth and Carrier Frequency
	Pico (NCT): 10MHz and 2GHz
（Macro 10MHz and 800MHz）

	Pathloss Model 
	3GPP model 1, see 3GPP 36.814 table A.2.1.1.2-3 

	Penetration loss
	20 dB

	Fading channel
	Typical Urban

	Number of pico cells per macro cell area
	4

	Macro Cell ISD
	500m

	Macro Cell Tx Power
	46dBm

	Pico eNB Tx Power
	30dBm

	Macro eNB antenna pattern
	3GPP standard 3D with down-tilting 15 degree 

	Macro eNB antenna gain
	14dBi

	Pico eNB antenna pattern
	2D Omni-directional

	Pico eNB antenna gain
	5dBi

	Min distance between pico and macro
	75m

	Min distance between picos
	40m

	Min distance between macro and UE
	35m

	Min distance between pico and UE
	10m

	Placement of UEs
	Config1: Uniform

	Fading Doppler Freq
	5.55Hz

	UE Noise Figure
	9dB
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