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1 Introduction 
In RAN1#76b meeting, the following agreements were made for the design of DRS.
Agreements:
· A DRS comprises following signals
· Both PSS and SSS are transmitted

· Additional reference signal(s) include CRS and/or CSI-RS

· FFS: Changing mapping of PSS/SSS, CRS, CSI-RS
· Down select of following alternatives of DRS
· Alt. 1: At least CRS and CSI-RS if configured
· Alt. 2: CRS, CSI-RS both with configurability
· Alt. 3a: CRS
· Alt. 3b: CSI-RS
· Alt. 4: Both CRS and CSI-RS with the same transmission timing
Agreements:
· 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
Agreements:
· Rel. 12 discovery signal should identify transmission point

· Rel. 12 discovery signal should facilitate small cell on/off
In this contribution, we have some discussion on the discovery signal design.
2 Discussion
As indicated in the WI description [1], the introduction of DRS is mainly used to support cell identification, coarse time/frequency synchronization, and intra-/inter- frequency RRM measurement of cells. In the following subsections, we discuss the functions and performances associated with candidate DRS signals and provide our views on the DRS design.
2.1 Time/frequency synchronization
In current LTE, PSS/SSS signals are used for coarse time/frequency synchronization. In RAN1#76b meeting, it was agreed that a DRS includes both PSS and SSS. Thus it is natural to continue use PSS/SSS signals for coarse synchronization purpose. Synchronization accuracy can be improved if other signals are transmitted with PSS/SSS. CRS is one option to further reduce time/frequency synchronization error after coarse synchronizing is obtained by PSS/SSS. In comparison, the ability to resolve frequency synchronization error is limited for CSI-RS because it only occupies two consecutive OFDM symbols in a subframe.
Observation: CRS can be transmitted together with PSS/SSS to improve time/frequency synchronization accuracy.
2.2 Cell identification
Current cell identification is designed to support up to 504 cell IDs by using 3 PSS root sequence and 168 SSS sequences. Since it is agreed a DRS includes PSS and SSS signals, PSS/SSS signals can also be used for cell identification in additional to coarse time/frequency synchronization. The advantage of this option is its compatibility with current specifications. And legacy UEs may also be able to detect the cells transmitting DRS. Thus network can turn on the small cells with on/off capability for the legacy UEs. However, there are at least two concerns for PSS/SSS signals to serve this purpose. The first concern is the number of cell ID is not sufficient for dense small cell deployment. The necessity of PCI extension has been studied in TR 36.872 [2]. It was concluded that the existing cell discovery signals are sufficient in terms of number of individually identifiable cells. Nevertheless, the number of identifiable cells may be considered if new discovery signal is introduced. Possible cell extension methods include defining additional PSS root sequences [3] and additional SSS sequences [4].
Another concern is the cell detection performance. It is beneficial to detect enough small cells from efficient small cell operation perspective. However, there is no consensus on how many small cells should be detected in small cell discovery. From the email discussion in [9], the performance metric for cell detection probabilities requires at least top 3 small cells. Thus we choose the top 3 small cell detection probability in our discussion. According to the simulation results in [5]
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 \* MERGEFORMAT [8], the detection probabilities of PSS/SSS for the 2nd and 3rd strongest cells are not satisfactory (<90%). However, the cell detection performance can be significantly improved with the use of interference cancellation. With PSS/SSS interference canceller (SS-IC) mechanism, the UE is able to at least detect the 3rd strongest cell with over 90% probability when the number of PSS/SSS sample is one [5][6]. PSS/SSS muting is also able to improve the cell detection probability [6]
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 \* MERGEFORMAT [7]. However, the performance is not as good as SS-IC as shown in [6].
Observation: SS-IC mechanism is able to significantly improve the detection probability of PSS/SSS signals.

Observation: PSS/SSS signals can serve the needs of cell detection.
2.3 RRM measurement
For RRM measurement, the straightforward candidate is CRS. Reuse CRS for RRM measurement has minimal specification impact, and the measurement results are comparable to existing RSRP/RSRQ. It also allows legacy UEs to perform RRM measurements on the cells operating on/off. However, the interference level could be high in dense small cell deployment, and has an impact on the accuracy of RRM measurements. As shown in the simulation results in [10], the achievable accuracy for CRS based RRM measurement cannot satisfy the requirement (6dB RSRP measurement error). Possible enhancements include UE-side interference cancellation (IC), RE muting, or increasing the number of subframe samples. From the simulation results in [11], it seems that applying IC only is not able to provide less than 6dB RSRP measurement error for up to three small cells when the number of subframe sample is one. Only the case with IC and RE muting is able to achieve that. When the number of subframe samples is increased to four, even the case with only IC is able to achieve the requirement for up to three small cells.
In contrast, CSI-RS based RRM measurement outperforms CRS based RRM measurement [10]
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 \* MERGEFORMAT [11]. The problem of CSI-RS based RRM measurement is that currently the CSI-RS based RRM measurement is not supported. Higher specification impact is envisioned. In addition, CSI-RS based RRM measurement is not backward compatible. Thus legacy UE is only able to perform RRM measurements when the small cell is on.
Observation: Transmitter/receiver side enhancements (e.g., muting/IC) are required to enhance the CRS based RRM measurement accuracy.
Observation: CSI-RS based RRM measurement can achieve better performance than CRS based RRM measurement. However, it is not comparable to existing RSRP/RSRQ and has higher specification impacts.
3 Conclusion

In this contribution, we discussed the design purposes of the discovery signal. And we have the following observations.
Observation:
· CRS can be transmitted together with PSS/SSS to improve time/frequency synchronization accuracy.
· SS-IC mechanism is able to significantly improve the detection probability of PSS/SSS signals.
· PSS/SSS signals can serve the needs of cell detection.
· Transmitter/receiver side enhancements (e.g., muting/IC) are required to enhance the CRS based RRM measurement accuracy.
· CSI-RS based RRM measurement can achieve better performance than CRS based RRM measurement. However, it is not comparable to existing RSRP/RSRQ and has higher specification impacts.
Based on the above observations, we have the following proposal.

Proposal: DRS comprises PSS/SSS and at least CRS.
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