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1
Introduction

Agreements and working assumptions from last RAN1#76bis include:

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

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
Thus it was agreed that discovery signal will contain at least PSS/SSS and additionally CSR and/or CSI-RS. In this paper we discuss discovery based RMM measurements.
2
Discovery signal design
Supporting efficient inter-frequency measurements is a key functionality to enable the offloading to the small cell layer.  It is clear that existence of the ON/OFF feature and related discovery signal should not complicate the UE measurements too much nor increase the battery consumption significantly. This means that the UE should know when to search for cells from the small cell layer with a search period that is not too frequent. During last meeting, the below agreements on were made: 

Agreements:
· For enhanced discovery procedure:
· UE can be configured with at least one DRS measurement timing configuration per frequency
· Note: DRS measurement timing configuration indicates when UE may perform cell detection and RRM measurement based on DRS

· Note: UE can detect multiple cells based on a DRS measurement timing configuration on the frequency

· UE can expect DRS in DRS measurement timing configuration

· DRS measurement timing configuration includes at least period and offset and potentially duration

· The reference timing for the offset is a serving cell timing
· FFS: Which serving cell
Working assumptions:
· UE can be configured with one measurement gap for DRS-based measurement when needed
· Measurement gap can be used for making legacy measurement and DRS-based measurement based on configuration
This implies aligned discovery for cells to be measured and that discovery signal should be transmitted regardless of whether cell is on or off. As it is agreed that discovery signal includes at least PSS/SSS, a UE may scan a frequency layer with existing PSS/SSS detectors when performing inter/intra-frequency measurements and it does not need information in this stage whether a particular cell on that frequency is on and sending legacy RS or off and sending discovery RS. In our companion contribution we evaluated cell search performance assuming PSS/SSS and CRS and show that the cells that are ideally existing within the 6dB threshold to serving cell RSRP can be found with realistic cell search algorithm using reasonable number of gaps [2]. In the simulated cell search algorithm, the CRS was used to verify cell ID detected from PSS/SSS. 
Observation 1: CRS may be used verify cell ID in the cell detection process.
As discussed in [2]
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[4], settling of AGC before burst processing may require additional preamble of signal because continuous signal level is no longer available. We repeat the observation and proposal here:

Observation 2: Not only CRS helpful in cell detection, it can also aid AGC settling.

Proposal 1: Discovery burst should enable settling of AGC before burst processing.
Also RSRP measurement quality was evaluated and it was found that CRS based RSRP has smaller variation that CSI-RS based RSRP. It was observed that accuracy of CRS is always superior when the simulations are performed against white noise. Increasing the amount of samples improves the performance of both schemes but CSI-RS cannot achieve the performance of CRS based solution.[2]
Observation 3: The legacy CRS signal based RSRP measurement has better accuracy compared with the CSI-RS based one in single link conditions.
For a UE assigned with measurement gaps, it does not make a difference whether it is measuring legacy or discovery if the signals are identical. That is, when the RSRP is CRS based as in legacy network. This may reduce RAN4 workload in defining measurement requirements as many of the existing requirements may be applicable. Furthermore, cell searching and measurement procedures are decoupled from the actual handover and resulting data transmission process. Therefore, applying the current requirements in the fast ON/OFF small cell scenario seems appropriate. The small cell scenario is relatively static, hence latency finding the cell does not impact the performance and ON/OFF switching can be relatively fast even though cell searching and measurements have latency as such. 
Observation 4: Alternative 3a (PSS/SSS and CRS) allows efficient measurements of a frequency layer where there may be mixture of cells performing DTX and legacy small cells.
Observations 5: Alternative 3a (PSS/SSS and CRS) may allow reuse of existing RAN4 measurement requirements and simplifies specification work (for both RAN1 and RAN4) for Release 12.
In the current system the FDD and TDD frame structures can be identified based on the locations of the PSS/SSS. Similarly, a discovery burst can be detected by the UE if a specific offset is assigned between the PSS/SSS. This could be useful in that the UE may then tag the measurement reports such that the serving cell knows the current state of the measured cells. This separation also avoids legacy users detecting an OFF cell. However, having different PSS/SSS separation could affect the cell search performance and that should be taken into account is such feature is seen needed.
When considering layer selection based CRS or CSI-RS based RSRP/RSRQ, it might be problematic if the DTX layer is measured from CSI-RS and other layers from CRS. Comparing CSI-RS based RSRQ to CRS based RSRQ for layer selection brings even further mismatch that we have with current RSRQ definition as discussed in [3]. Furthermore, as there may be a mixture of cells performing DTX and normal operation, the RSRQ measurements from the same layer may not be comparable (e.g. one based on CRS, the other based on CSI-RS). Same comparison problem exists in HO based on intra-frequency measurements within a layer of mixture of these cells. 

Observation 6: CSR and CSI-RS based measurements may not be comparable and may lead to frequency-layer and cell selection problems. 
Proposal 2: measurements for mobility should be only based on CRS.
In the absence of assistant information from the network during discovery measurements, CSI-RS based measurement requires specification of mapping between PSS/SSS and cell ID and CSI-RS sequence/RE pattern. This would be required as handover is always performed to a cell and not a point. This imposes additional specification challenges and deployment challenges. Note that CRS deployments are well documented and studied, and CSI-RS configuration was completely uncoupled with Cell-ID to allow flexible deployment and planning of CSI-RSs. 
CSI-RS based discovery signals may be used to identify transmission points that share the same cell ID (i.e. CoMP scenario 4) during off state. However, the same cell ID deployments rely on SFN combining effect of CRS from all transmission points. Selectively turning on or off some transmission points can effect SFN combining of the CRS and (E)PDCCH, and can affect the reception of signals for UEs in the macro area. Therefore, a UE should perform HO to the macro area first and should be configured with multiple CSI-RS to further optimize the transmission points in which data transmissions can occur.

Proposal 3: FFS if individual transmission points needs to be detected.
3 
Conclusions

In this contribution we have discussed and given our view on discovery signal design. Our observation and conclusions are as follows:

Observation 1: CRS may be used verify cell ID in the cell detection process.
Observation 2: Not only CRS helpful in cell detection, it can also aid AGC settling.

Proposal 1: Discovery burst should enable settling of AGC before burst processing.
Observation 3: The legacy CRS signal based RSRP measurement has better accuracy compared with the CSI-RS based one in single link conditions.
Observation 4: Alternative 3a (PSS/SSS and CRS) allows efficient measurements of a frequency layer where there may be mixture of cells performing DTX and legacy small cells.
Observations 5: Alternative 3a (PSS/SSS and CRS) may allow reuse of existing RAN4 measurement requirements and simplifies specification work (for both RAN1 and RAN4) for Release 12.
Observation 6: CSR and CSI-RS based measurements may not be comparable and may lead to frequency-layer and cell selection problems. 

Proposal 2: measurements for mobility should be only based on CRS.
Proposal 3: FFS if individual transmission points needs to be detected.
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