3GPP TSG RAN WG1 Meeting #76bis
R1-141643
Shenzhen, China, 31st March – 4th April 2014
Source: 
Ericsson

Title:
Performance evaluations for discovery burst design
Agenda Item:
7.2.4.2.2
Document for:
Discussion and Decision
1 Introduction
In RAN plenary meeting #62, the agreed WID [1] for Small cell enhancement – Physical layer aspects reads:

· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions

· Discovery procedure/signal(s) are needed

· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.
In RAN1 #76, it was agreed that the enhanced cell discovery procedure is only configured for RRC_CONNECTED mode UEs and the transmission of multiple signals can be assumed. The transmission of PSS for at least coarse time synchronization, support for RSRP and RSRQ-like measurements and the provision of network assistance to the UE at least for timing related information were also agreed.  The choice of other signals that can be transmitted in the discovery burst requires further study. In order to assist the discussions, some performance evaluation guidelines were agreed.
In this document, we consider cell identification and RRM measurement performance for the discovery burst design proposed in [2]. 
2 Evaluations

The proposed design of augmented SSS signals, which adopts extra SSS signals in addition to the existing SSS, is shown in Figure 1. The figure shows 3 possible additional SSS sequences, although a subset of these SSS sequences together with existing SSS could be used in practice. To reflect performance of augmented SSS signals, cell identification rates and RSRP measurement quality was evaluated.
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Figure 1: Proposed discovery burst containing multiple signals
2.1 Assumptions and Methodology
The evaluations were performed for a dense deployment according to small cell scenario 2a. It was  assumed that the measurements are performed only over one subframe containing the discovery signals. System-level simulation provides the interference profile, which is then fed into a link level simulation to get the detection probability for the target set of detectable cells, i.e. small cells  within a RSRP gap of 10dB relative to the strongest small cell. It is assumed that the PSS/SSS are used for coarse time synchronization. It has been confirmed in previous evaluations that the time uncertainty after performing coarse time and frequency synchronization is substantially under +/- 3 μs [3]. In this evaluation, the residual errors after coarse time synchronization are conservatively modelled to be uniform within a range of +/- 3 μs. A realistic detection algorithm is implemented at the UE without any information of surrounding PCIs and a simple PSS/SSS interference cancellation (IC) algorithm is applied in the UE.
The signal used for performing cell detection is the multiple SSS signals as shown in Figure 1 with two additional SSS sequences. The main SSS, i.e. the sequence labeled “SSS” in the figure, is the same as in Rel-8 and the two additional sequences were SSS1 and SSS2. The additional SSS sequences are all chosen to be different and unique from the main SSS sequence. The combination of the multiple SSS sequences is treated as a single sequence for the purpose of cell identification and measurements. The assignment of additional SSS sequences to cells is completely random and no cell planning is involved. 
2.2 Performance

Cell identification performance is shown in Figure 2 for the top 3 small cells that occur inside an RSRP gap of 10 dB relative to the strongest small cell. The results show that, by using 3 SSS (with 2 additional SSS), the detection probability can reach over 90%, compared to less than 70% in the case of single SSS 
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Figure 2: Detection probability of top 3 small cells in Scenario 2a, dense

Currently, RSRP measurements are based on the CRS. Within a PRB pair, each port of CRS has 8 REs. If two ports of CRS are used, 16 REs are available for RRM measurements. If a measurement bandwidth of 6 RBs is assumed, there are a total of 96 available REs. With the use of two additional SSS (3 total), a total of 93 REs are available for measurements. Thus, the performance of RRM measurements on multiple SSSs can be expected to be comparable to that obtained with the use of the CRS. With the use of 3 additional SSS, a total of 124 REs are available which would make RRM measurements using multiple SSS sequences even more robust. This is shown in Figure 3 where the CDF of the RSRP error is shown to be comparable to that obtained using the CRS.
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Figure 3: RSRP performance of the multiple SSS and CRS over 6 RBs
3 Conclusion
The use of multiple SSS as shown in Figure 1 was evaluated. Cell identification and RRM measurement performance is shown to meet and exceed the desired targets. Furthermore, the performance shown with the use of multiple SSS sequences allows the network to operate even without tight synchronization and assumes very little cell planning effort which gives it a significant advantage compared to the other solutions being proposed.
4 Reference
[1] RP-132073, “New WI proposal: Small cell enhancements - Physical layer aspects”, Huawei, CATR, HiSilicon
[2] R1-141642, “Design of discovery bursts and procedures”, Ericsson
[3] R1-113676, “Further Details on Synchronization and Measurements on Additional Carrier Types”, Ericsson, ST-Ericsson
CRS





SSS   PSS





CSI-RS





PSS





SSS





Subframe 0





Subframe 1





Subframe 0





Subframe 1





TDD 





FDD 





UL





GPP





SSS1   SSS2   SSS3





SSS1





SSS2





SSS3








[image: image4.bmp][image: image5.bmp]