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1. Introduction

In 3GPP RAN1 Session #76bis, agreements related to small cell discovery signal design are shown as follows.

· 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

· 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
Four discovery signal designs are selected for further down selection in last 3GPP RAN1 meeting and discussion will continue for final decision in this meeting.  Considering the functionalities, e.g. synchronization, cell detection, RRM measurement, QCL determination and CSI measurement, candidate discovery signal designs are proposed for considerations in this paper.


2. Discussion
According to WID of small cell PHY enhancements [1], small cell discovery signal should support at least cell identification, coarse time/frequency synchronization, intra-/inter-frequency RRM measurement of cells and QCL.  In 3GPP RAN1 Session #76, it is also agreed that cell multiplexing capability, UE power efficiency and impacts to legacy UE’s measurement can be considered when discussing candidate solutions.  In this section, functionalities of discovery signal to facilitate both efficient small cell discovery and fast small cell on/off operation are discussed first.  Based on the required functionalities and design considerations, two candidate discovery signal designs are proposed.
2.1 Functionalities of discovery signal

According to WID, discovery signal should support at least the following functionalities.
· Cell identification

· Coarse time/frequency synchronization

· Intra-/inter-frequency RRM measurement

· QCL

But it’s not so clear why DRS should support QCL functionality.  Based on our understanding, QCL is part of Release 11 CoMP feature and stands for the functionality to determine which antenna ports UE can assume quasi-co-located in time/frequency synchronization and channel condition for CSI measurement and demodulation.  In Release 11 CoMP, type B QCL is supported by multiple CSI-RS configurations, each of which consist of one or more than one antenna ports, and the association between CRS/DMRS and CSI-RS configurations is provided via RRC-layer signaling.  UE may also assume antenna ports of CRS, DMRS and CSI-RS of a serving cell are quasi-co-located for type A QCL.  To support full QCL functionality in Release 11 CoMP, DRS should be able to support the configuration of multiple groups of quasi-co-located antenna ports and CSI-RS is the best candidate.  However, if DRS is used only for cell detection and RRM measurement, there is no motivation to support QCL functionality in DRS.  Thus, from our views, QCL should be considered together with CSI measurement functionality.
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Figure 1.  Example illustration of small cell on/off operation with/without CSI information
For reduced transition time in small cell on/off operation, CSI measurement is another functionality which is beneficial for reduced latency of first downlink scheduling for data packets.  This is because conservative MCS for downlink scheduling of data packets after small cell just turns on could degrade system performance due to higher inter-cell interference caused by prolonged transmission.  For example, as shown in Figure 1, without CSI reference in the first 10ms downlink scheduling (assuming 10ms CSI latency) after small cell just turns on, a data packet which requires 100ms transmission with CSI information originally may require 109ms transmission instead (assuming conservative MCS is 90% less efficient than correct MCS in resource utilization) and inter-cell interference would be higher due to at least 9% increase of average resource utilization rate.  To provide sufficiently accurate CSI measurement, fine time/frequency synchronization is beneficial.  Considering average DRS-based CSI latency, i.e. half DRS transmission periodicity, high-rank and narrow-band CSI as well as PMI provide no information for a UE.  From our views, DRS-based rank-1 and rank-2 wideband CQI should be sufficient to support fast small cell on/off operation.  Therefore, we propose that discovery signal should support the following functionalities, in addition to those described in WID.
· Fine time/frequency synchronization

· CSI measurement, e.g. rank-1 and rank-2 wideband CQI

To support Release 11 CoMP operation in small cells, QCL would be required for DRS-based CSI measurement.
Proposal #1: Release 12 discovery signal should provide the following functionalities for cells with signal strength within RSRP gap 10 dB.

· Identification for cells

· Coarse time/frequency synchronization

· Intra-/inter-frequency RRM measurement

· Fine time/frequency synchronization

· CSI measurements with QCL
· Rank-1 wideband CQI

· FFS rank-2 wideband CQI
2.2 Proposed discovery signal designs
Based on the discussion in previous subsection, we propose to adopt Alternative 1, i.e. DRS is PSS/SSS/CRS or PSS/SSS/CRS/CSI-RS with configurability, as Release 12 discovery signal because PSS/SSS + CRS can be applied for sparse small cell deployment and PSS/SSS + CRS + CSI-RS can be applied for dense small cell deployment or CoMP scenario 4 deployment.  Since there is collision between PSS/SSS and CSI-RS, two design options are proposed for further detailed design if Alternative 1 is adopted.
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Figure 2. Illustration of Option A
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Figure 3. Illustration of Option B
Option A: PSS/SSS with the legacy locations + port-0 CRS + RRC configurable application of NZP/ZP CSI-RS
· PSS/SSS + CRS for sparse small cell deployment; PSS/SSS + CRS + CSI-RS for dense small cell deployment or CoMP scenario 4 deployment

· An example is shown in Figure 2
· Detailed designs

· PSS/SSS

· Same time/frequency locations as legacy system
· Same code sequences as legacy system

· CRS

· CRS port 0 with the same time/frequency location as legacy system
· Same code sequence as legacy system

· No RE muting in OFDM symbols where CRS resides

· NZP/ZP CSI-RS

· NZP CSI-RS with single antenna port; FFS for two antenna port
· Random seed for the code sequence is RRC configurable 
· For channel bandwidth less than 25 PRBs, CSI-RS configurations colliding with PSS/SSS are not utilized for NZP CSI-RS transmission over whole channel bandwidth
· For channel bandwidth equal to or larger than 25 PRBs, CSI-RS configurations colliding with PSS/SSS are utilized for NZP CSI-RS transmission over PRBs other than those for PSS/SSS transmission
· Function split
· PSS/SSS

· Cell detection, e.g. detection of candidate cells
· Coarse time/frequency synchronization
· CRS
· RSRP measurement if PSS/SSS + CRS is configured (specification is required)
· RSSI measurement

· Fine time/frequency synchronization

· CSI measurement if PSS/SSS + CRS is configured (specification is required)
· NZP/ZP CSI-RS

· Cell/TP detection 
· RSRP measurement if PSS/SSS + CRS + CSI-RS is configured (specification is required)
· CSI measurement with QCL if PSS/SSS + CRS + CSI-RS is configured (specification is required)
· FFS CSI-IM in DRS
· Specification works

· DRS transmission
· Time-frequency locations of PSS/SSS and CRS within DRS

· Time-frequency locations of PSS/SSS, CRS and CSI-RS within DRS

· Configuration of DRS
· Time-frequency location
· Application of CSI-RS and its configuration(s)
· List of cells for discovery/measurement

· Whether to enable CSI measurement

· RSRP measurement definition using CSI-RS
Option B: PSS/SSS with the new locations + port-0 CRS + RRC configurable application of NZP/ZP CSI-RS
· PSS/SSS + CRS for sparse small cell deployment; PSS/SSS + CRS + CSI-RS for dense small cell deployment or CoMP scenario 4 deployment

· An example is shown in Figure 3
· Detailed designs

· PSS/SSS

· New time-domain locations as shown in Figure 2 to reduce the ambiguity between DRS and legacy PSS/SSS for legacy UEs

· Same code sequences as legacy system

· CRS

· CRS port 0 with the same time/frequency location as legacy system
· Same code sequence as legacy system

· No RE muting in OFDM symbols where CRS resides

· NZP/ZP CSI-RS

· NZP CSI-RS with single antenna port; FFS for two antenna port

· Random seed for the code sequence is RRC configurable 

· For channel bandwidth less than 25 PRBs, CSI-RS configurations colliding with PSS/SSS are not utilized for NZP CSI-RS transmission over whole channel bandwidth

· For channel bandwidth equal to or larger than 25 PRBs, CSI-RS configurations colliding with PSS/SSS are utilized for NZP CSI-RS transmission over PRBs other than those for PSS/SSS transmission
· Function split

· PSS/SSS

· Cell detection, e.g. detection of candidate cells

· Coarse time/frequency synchronization
· CRS

· RSRP measurement if PSS/SSS + CRS is configured (specification is required)
· RSSI measurement

· Fine time/frequency synchronization

· CSI measurement if PSS/SSS + CRS is configured (specification is required)
· NZP/ZP CSI-RS

· Cell/TP detection 

· RSRP measurement if PSS/SSS + CRS + CSI-RS is configured (specification is required)
· CSI measurement with QCL if PSS/SSS + CRS + CSI-RS is configured (specification is required)
· FFS CSI-IM in DRS
· Specification works

· DRS transmission

· Time-frequency locations of PSS/SSS and CRS within DRS

· Time-frequency locations of PSS/SSS, CRS and CSI-RS within DRS

· Configuration of DRS

· Time-frequency location

· Application of CSI-RS and its configuration(s)

· List of cells for discovery/measurement

· Whether to enable CSI measurement

· RSRP measurement definition using CSI-RS
To reduce possible confusion between legacy PSS/SSS and PSS/SSS within DRS for legacy UEs, new time-domain locations for PSS/SSS within DRS are proposed in Option B.  PSS/SSS reside in the third and fourth OFDM symbols within 1st slot of a subframe and the relative locations of PSS/SSS are swapped.
Proposal #2: DRS is PSS/SSS/CRS or PSS/SSS/CRS/CSI-RS with configurability.

· Code sequences of PSS/SSS are dependent on PCI

· Code sequence of CRS is dependent on PCI

· Code sequence of CSI-RS is dependent on RRC-layer configuration
Proposal #3: The function split requires specification is shown as follows.

· If PSS/SSS/CRS is configured,

· CRS is utilized for RSRP/RSSI measurement and CSI measurement
· If PSS/SSS/CRS/CSI-RS is configured,

· CRS is utilized for RSSI measurement

· CSI-RS is utilized for RSRP and CSI measurement


3. Conclusion
Based on the discussion in Section 2, proposals are summarized as follows.

Proposal #1: Release 12 discovery signal should provide the following functionalities for cells with signal strength within RSRP gap 10 dB.

· Identification for cells

· Coarse time/frequency synchronization

· Intra-/inter-frequency RRM measurement

· Fine time/frequency synchronization

· CSI measurements with QCL
· Rank-1 wideband CQI
· FFS rank-2 wideband CQI
Proposal #2: DRS is PSS/SSS/CRS or PSS/SSS/CRS/CSI-RS with configurability.

· Code sequences of PSS/SSS are dependent on PCI

· Code sequence of CRS is dependent on PCI

· Code sequence of CSI-RS is dependent on RRC-layer configuration

Proposal #3: The function split requires specification is shown as follows.

· If PSS/SSS/CRS is configured,

· CRS is utilized for RSRP/RSSI measurement and CSI measurement
· If PSS/SSS/CRS/CSI-RS is configured,

· CRS is utilized for RSSI measurement

· CSI-RS is utilized for RSRP and CSI measurement
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