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1 Introduction
In RAN1 #76, it was agreed that the enhanced cell discovery procedure is only configured for RRC_CONNECTED mode UEs and can assume the transmission of multiple signals. 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 was also agreed. Other signals that should be present in the discovery burst and the calculation of RSRQ was left for further study. In order to assist the discussions, some performance evaluation guidelines were agreed.

In RAN1 #76bis, the following aspects were further agreed.

· Further down select of following alternatives of DRS in RAN1 #77 meeting

· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurable
· Alt. 3a: DRS is PSS/SSS/CRS

· Alt. 3b: DRS is PSS/SSS/CSI-RS
· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurable
· Rel. 12 discovery signal should identify transmission point

· Rel. 12 discovery signal should facilitate small cell on/off
Based on the above agreements a discovery signal design was proposed in [1]. In this document, we consider RRM measurement performance for this design.
2 Evaluations

The proposed design in [1] uses a CSI-RS configuration with multiple ports to allow the use of 8 REs per PRB, the same as the CRS, while also providing a reuse factor that is larger than that possible with the CRS. An example of the REs used and how the defined signals can be distributed among transmission points and cells is shown in Figure 1. The set of CSI-RS ports {15, 17, 19, 21} is transmitted so that the channel responses for all the ports are the same. Similarly, ports {16, 18, 20, 22} can also be transmitted so that the channels are common. Also, an additional cover code is applied for each of the above port sets to further allow the use of the same configurations and ports in multiple transmission points or cells. The cover code is chosen from the set of vectors, {1, 1, 1, 1}, {1, -1, 1, -1}, {1, 1, -1, -1} and {1, -1, -1, 1}. Each element of the vector is multiplied by the output of the corresponding port. Accounting for the five configurations (4 if PSS/SSS is present in the subframe), a reuse of 20 (16) configurations is created with the possibility of using different configurable cell IDs among them. An additional 20 (16) transmission points using the same configurable cell IDs as the first 20 (16) can be supported.

[image: image1.emf]even-numbered slots odd-numbered slots

even-numbered slots odd-numbered slots

0  l 6  l 0  l 6  l

0



l 6



l 0



l 6



l

1515

15

15

1717

1717

1919

1919

21

21

21

21

VCID = X, OCC = {1, 1}   VCID = Y, OCC = {1, -1}  

1

1

-1

-1

1

1

1

1

Additional cover 

code


Figure 1: Sets of four co-located CSI-RS ports occupying 8 REs and using an additional cover code as the discovery signal
To measure the performance of this proposal and compare it to the performance obtained by using CSI-RS with two REs per RB and to the performance with the CRS, the RSRP measurement quality was evaluated.
2.1 Assumptions and Methodology
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 [2]. In this evaluation, the residual errors after coarse time synchronization are conservatively modelled to be uniform within a range of +/- 3 μs. The signals used for measuring RSRP performance are the multiple CSI-RS port configuration as shown in Figure 1 as well as CSI-RS configurations that occupy 2 REs and 4 REs per RB. The performance of each of these configurations is also compared to the CRS. The evaluations are done in an EPA channel with a Doppler frequency of 10 Hz. 
2.2 Performance

Currently, RSRP measurements are based on the CRS. Within a PRB pair, each port of CRS has 8 REs. If a measurement bandwidth of 6 RBs is assumed, there are a total of 48 available REs. With the use of a single or two CRS ports, only 2REs per RB are available resulting in a total of 12 REs with a 6 RB bandwidth. Thus, the performance of RRM measurements using a single CRS port can be expected to be worse than that obtained using the CRS. With the use of four CSI-RS ports occupying 8 REs as shown in Figure 1, the number of REs available for the CRS and CSI-RS is the same and hence the measurement performance can be expected to be comparable to that obtained with the use of the CRS. Similarly, the use of 25 RBs instead of 6 RBs for RRM measurements can also improve performance when a single or two CSI-RS ports are used. In this case, 50 REs are available over 25 RBs which can improve the performance of the CSI-RS with one or two ports. This is shown in Figure 2 where the CDF of the RSRP error is shown to be comparable to that obtained using the CRS when 25 RBs with one CSI-RS port or 6 RBs with 8 CSI-RS ports occupying 8 REs per RB are used.
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Figure 2: RSRP performance of the multiple SSS and CRS over 6 RBs
3 Conclusion
The use of multiple CSI-RS ports as shown in [1] was evaluated. RRM measurement performance is shown to meet and exceed the desired targets. Furthermore, the performance shown with the use of multiple CSI-RS ports is clearly comparable to the CRS since the same number of REs per RB is used. This allows the discovery signal based measurements to be compared to legacy CRS based measurements thus helping to minimize RAN2 specification impacts.
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