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1. Introduction
In RAN1#76bis meeting，the issues related to small cell discovery signal are discussed, and the agreements are as following:
· 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

In this contribution, we discuss the design of discovery signal for small cellsand give our observations and proposal.
2. Discussion
In the summary on small cell discovery in [1], there is no necessity to consider entirely new discovery signals. This leaves four options for discovery signal design.In the last meeting, it was agreed that PSS/SSS should be consisted of a discovery signal and PSS/SSSare in the four options. Then, the options are mainly relative to CRS and CSI-RS. So,we will analyzethe advantages of CRS and CSI-RS from the followingtwo aspectsand present our views on the best choice of discovery signals.
2.1 Time and frequency synchronization
In the last meetings, it has agreed that PSS/SSS should be the part of the discovery signals and can be used for coarse time and frequency synchronization. So, we will discuss CRS/CSI-RS may be used for fine time and frequency synchronization.
In Rel-8, fine time and frequency synchronization can be achieved via the CRS. However, CSI-RS can also be used for this function.The CSI-RS hadbeen suggested as one of the signals used in the discovery procedure. As far as time and frequency synchronization are concerned, the RE structure for CSI-RS is that each CSI-RS signal only occupies two consecutive OFDM symbols in a subframe, then the ability to resolve time and frequency errors is somewhat limited. However, in order to combat this issue, the use of two CSI-RS signals together was proposed [2] and the combination of CSI-RS signals exhibits much better properties in terms of time and frequency synchronization. The use of such a combination of signals can be indicated to the UE by configuring multiple CSI-RS signals within the subframe for the UE and further indicating that they are quasi-co-located with respect to all properties. The UE can then use CSI-RS together depending on the quasi-co-location properties received and improve performance.
Observation1: The CSI-RS used for fine time and frequency synchronization can be achieved the similar performance as CRS.
2.2 RRM measurement
[bookmark: _GoBack]RRM measurements are performed based on CRS according to current specifications.Therefore,this procedure can be extended to small cell discovery, i.e., DRS transmission includes a signal which is designed based on CRS. However, in dense small cell deployments, the interference level on CRS REs could be high, thus affect the accuracy of RRM measurements.CRS based RRM measurement performs poorly in dense small cell deployments. Even for the strongest small cell, almost none of the UEs can achieve the required RSRP measurement accuracy.This shows the interference from CRS and interference transmitted in neighbor cells can be very high[3].Moreover, the density of CRS is much higher than those of PSS/SSS and CSI-RS.
However, CSI-RS based RRM measurements have been discussed in Rel-11. It is envisioned that RRM measurements based on CSI-RS may benefit from the ICIC gain.And CSI-RS based RSRP provides betteraccuracyin dense small cell deployments than CRS.And in the past,CSI-RS has also been shown to be able to satisfy RAN4 performance requirement on RSRP [4] and is confirmed again recently in the small cell discovery context. Compared to CoMP, CSI-RSRP is expected to have even better performance for dense small cells due to improved SINR from the generally lower path loss between a small cell and a UE. As RAN4 has evaluated CSI-RSRP extensively for CoMP, work done in the past can be reused to some extent, thereby saving significant specification effort and time.
Moreover,the use of the CSI-RS has some potential advantages.If CSI-RS can be used as a discovery signal, there should support RRM measurement based on CSI-RS in dense small cell deployment. Then, RRM measurement should be supported for Comp. In this scenario, a UE could make CSI-RS based RRM measurements on different transmission points, then according to these measurement reports, eNB can determine which transmission points to use for a potential CoMP transmission to a UE.
Another major advantage for CSI-RS is that it is a backward compatible solution since CSI-RS as discovery reference signal can be configured as zero-power CSI-RS resources for legacy UEs. CSI-RS also has lower overhead when also used as the discovery cell for a cell that is ON since it can also be reused for CSI measurement purpose.
Observation2: In dense small cell deployments, the performances of RRM measurement based on CSI-RS outperforms that of RRM measurement based on CRS.
Based on above analyses, we have following proposal:
Proposal: The Alt 3b, the DRS comprises PSS, SSS and CSI-RS, is preferred.
3. Conclusion
In this contribution, we discuss the design of small cell discovery signals and our observations and proposal are as follows:
Observation 1: The CRS/CSI-RS can be used for fine time and frequency synchronization after obtaining coarse time synchronization using the PSS/SSS.
Observation 2: In dense small cell deployments, the performances of RRM measurement based on CSI-RS outperforms that of RRM measurement based on CRS.
Proposal: The Alt 3b, the DRS comprises PSS, SSS and CSI-RS, is preferred.
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