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1. Introduction

In 3GPP RAN1 Session #76, the following related to small cell discovery signal has been agreed.

· For inter-/intra-frequency RRM measurements, DRS-based RSRP and RSRQ-like measurements are supported
· Details of RSRQ-like measurement are FFS
· In the enhanced cell discovery procedure, UE can assume multiple signals are transmitted
· UE can assume transmission of PSS (identical to the Rel-8 waveform) at least for coarse time synchronization
· Which other signal(s) the UE can assume are transmitted is FFS
· Possible candidates are one or more instances of SSS, CRS, CSI-RS, and PRS
· Which signals are useful for which purpose is FFS
· In addition to purposes given by the WID, cell multiplexing capability, UE power efficiency, and impact to legacy UE’s measurement can be considered when discussing candidate solutions
· Rel-12 discovery procedure is configured only for RRC_CONNECTED UEs
· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure
· It does not mean that DRS-based measurement reporting based on autonomous UE detection is precluded 
· Accuracy of timing considered for network assistance will be defined by RAN4
· FFS: What is timing information associated with discovery measurement
· FFS: Other information provided
There are still several open issues, such as details of DRS-based RSRQ-like measurement, other signal(s) for DRS in addition to PSS, functionality of each signal and details of network assistance.  In this paper, related open issues are discussed and a candidate design is proposed for cases with or without coarse timing information for small cell layer.


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.  To meet different functionality requirements, 3GPP RAN1 has agreed that DRS is a combination of existing reference signals.  Based on the discussion of the listed considerations in the following subsections, solutions are proposed in this section.
2.1 Synchronization and cell detection
Based on the legacy design, PSS is utilized for UE’s coarse timing/frequency synchronization so it is the best candidate in DRS burst for coarse time/frequency synchronization, especially when there is no prior information about the coarse timing/frequency provided by the network.  However, due to the time-frequency ambiguity of Zadoff-Chu code sequence utilized by PSS, accurate time/frequency synchronization can’t be achieved by PSS only.  Therefore, for fine time/frequency synchronization, if needed, CRS, CSI-RS or PRS is required additionally.  According to [2], higher pilot density provides better performance of fine time/frequency synchronization within the same period so CRS and PRS seem to be better candidates for time/frequency synchronization in addition to PSS, compared to CSI-RS.
Based on the legacy design, SSS is utilized for UE’s PCI detection so it is the best candidate for cell detection in DRS burst, especially when there is no prior information about PCI(s).  Since the code sequence of CRS is related to PCI, it is also a good candidate for cell detection in DRS burst.  However, it performs poor for cell detection due to lower pilot density, compared to SSS, when the channel bandwidth is small and there is no prior information about PCI(s).  With network assistance of small cell PCI list, CRS, better than CSI-RS, may be able to perform well for cell detection even in cases with small channel bandwidth so SSS and CRS could be considered as candidates for cell detection.  Our companion contribution [3] also shows CRS performs well for cell detection within one subframe for low average cell loading even when there is no SSS.
Observation #1: For fine time/frequency synchronization, if needed, CRS and PRS are better candidates, compared to CSI-RS, due to higher pilot density.
Observation #2: For cell detection, with network assistance of small cell PCI list, both SSS and CRS are good candidates.
2.2 RRM measurements
Based on the legacy design, CRS is utilized for UE’s RSRP measurement and UE’s RSSI measurement is conducted on the OFDM symbols containing CRS.  Due to non-orthogonal radio resources among different small cells, CRS requires long-time average (e.g. 200ms) to average out inter-cell interference to achieve the required RSRP accuracy so enhancements are needed to improve the measurement efficiency.  There are three options to enhance the accuracy of existing RSRP measurement mechanism within a very short period. 

Option #1: CRS + RE muting + CRS-IC [4]
· With RE muting, data-to-CRS interference can be mitigated and radio resource orthogonality can be achieved for up to 3 cells
· With CRS-IC technique (cancellation of 2 dominate interference sources on CRS), CRS-to-CRS interference can be further mitigated and radio resource orthogonality can be achieved for up to 9 cells virtually
· According to [3], RSRP measurement within a very short period (e.g. 1~2ms) for this option can provide 2nd best performance among three options
· It may require specification works to introduce new rate matching pattern, in addition to the configuration of DRS
Option #2: NZP/ZP CSI-RS

· With ZP CSI-RS configuration, radio resource orthogonality can be achieved for up to 20 cells
· According to [3], RSRP measurement within a very short period (e.g. 1~2ms) for this option can provide the best performance among three options

· It may require specification works to introduce new RSRP measurement on CSI-RS, in addition to the configuration of DRS
Option #3: PRS with MBSFN subframe

· With MBSFN subframe, radio resource orthogonality can be achieved for up to 6 cells
· According to [3], RSRP measurement within a very short period (e.g. 1~2ms) for this option provides the worst performance among three options

· It may require specification works to introduce new RSRP measurement on PRS, in addition to the configuration of DRS
RSSI is a measurement to reflect the interference level of the data channel on a carrier frequency.  Therefore, for RSSI measurement, measurement on radio resources with the property of radio resource orthogonality among different small cells is not preferred.  In addition, considering small cell on/off operation, measurement on radio resources which may include transmission power from an off-state small cell is not preferred either.  It seems that measurement on OFDM symbols which including data REs only is a better choice for RSSI.  However, according to [5], RSSI measurement on OFDM symbols which including data REs only would result in RSRQ with high sensitivity to load variation, which may be severe in small cell layer, and it may introduce frequent handovers or cell association change due to small load variation.  In addition, this kind of RSSI measurement would introduce RSRQ with much larger value range of -19.5dB ~ infinity [6] than existing RSRQ and existing quantization levels for RSRQ can’t be reused.  Therefore, RSSI measurement including certain level of transmission power from DRS seems a better choice from this perspective.  There are two options for consideration.
Option #1: RSSI measurement on OFDM symbols containing CRS with no RE muting
· Part or all of OFDM symbols containing CRS with no RE muting can be utilized for RSSI measurement
· There may be certain level of RSSI bias due to the inclusion of 1/6 transmission power of an on-state small cell from off-state small cells but it can be solved by introducing a bias value in favor small cell layer
· Existing quantization levels for RSRQ reporting may be reused
Option #2: RSSI measurement on OFDM symbols containing NZP CSI-RS with no RE muting
· OFDM symbols containing another NZP CSI-RS configuration with no RE muting can be utilized for RSSI measurement
· There may be certain level of RSSI bias due to the inclusion of 1/12 transmission power of an on-state small cell from off-state small cells but it can be solved by introducing a bias value in favor small cell layer
· Existing quantization levels for RSRQ reporting can’t be reused
· Reduce the number of orthogonal radio resource configurations for cell detection and RSRP measurement

Observation #3: For RSRP measurement, CSI-RS provides the best performance.
Observation #4: For RSRQ measurement, OFDM symbols containing either CRS or CSI-RS with no RE muting can be utilized for RSSI measurement to derive RSRQ.  However, less orthogonal radio resource configurations can be utilized for small cell discovery and RSRP measurement if some CSI-RS configurations are utilized for RSSI measurement.
Observation #5: Though RSSI measurement on OFDM symbols containing either CRS or CSI-RS with no RE muting may introduce RSRQ underestimate for small cell layer, it can be solved by introducing a bias value in favor small cell layer.
2.3 QCL and CSI measurements

Based on legacy mechanism, QCL can be determined based on NZP/ZP CSI-RS and CSI can be measured on CRS or NZP/ZP CSI-RS with/without CSI-IM.  For the scenario where small cells within a cluster utilizing different PCIs, there is no need for DRS to facilitate QCL functionality.  However, for the scenario where small cells within a cluster utilizing the same PCI, there may be needs to determine QCL through DRS for transmission point multiplexing gain.  Though we think the former scenario is the baseline for small cell deployment, there is no harm to support different scenarios through one design.  Based on the consideration of QCL determination, CSI-RS seems to be the best choice.
Whether DRS should support CSI measurement remains an open issue till last RAN1 meeting.  To facilitate efficient small cell on/off operation, from our views, certain simplified DRS-based CSI measurement seems to be necessary.  Based on our understanding, the transition time of a small cell turning on from off is the time between the time point a data packet arrives MAC buffer of the small cell and the time point the data packet scheduled to an UE.  Therefore, it also consists of scheduling latency due to time/frequency synchronization, system information acquisition and CSI availability at the small cell eNB.  Without CSI information, small cell eNB would have to wait until UE conducts first CSI measurement on the configured CSI-RS and CSI-IM before first data packet scheduling and this would introduce additional scheduling latency.  Though small cell eNB still can schedule an UE the first data packet based on the most conservative MCS or the latest CSI report from the UE, the system performance impact would highly depend on how fast CSI can be available at the small cell eNB.  Simplified DRS-based CSI measurement report, e.g. rank-1 wideband CQI, may be worthwhile to consider for better small cell on/off operation efficiency.  If it is supported, either CRS or NZP/ZP CSI-RS with/without CSI-IM can be utilized.
Observation #6: For QCL determination, NZP/ZP CSI-RS is the best choice.

Observation #7: For CSI measurement, if supported, both CRS and NZP/ZP CSI-RS with/without CSI-IM can be utilized.
2.4 DRS designs and network assistance
Based on the discussion in previous subsections, we propose the following two options for small cell discovery and Option B is preferred due to less specification works.
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Figure 1. Illustration of Option #A (PSS + port-0 CRS with CRS-IC + RE muting)
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Figure 2. Illustration of Option #B (PSS + port-0 CRS + NZP/ZP CSI-RS)
Option #A: PSS + port-0 CRS with CRS-IC + RE muting
· An example is shown in Figure 1
· PSS is utilized for coarse time/frequency synchronization and can be configured to exist or not based on whether there is necessity for an UE to conduct coarse synchronization
· PSS code sequence determination is the same as legacy one
· All port-0 CRS can be utilized for fine time/frequency synchronization and cell detection

· Port-0 CRS code sequence determination is the same as legacy one
· Port-0 CRS in OFDM symbols with RE muting is utilized RSRP measurement and simplified CSI measurement (e.g. rank-1 wideband CQI)
· Port-0 CRS in OFDM symbols without RE muting is utilized for RSSI measurement
· Possible specification works

· Configuration of DRS, e.g. time-frequency location, list of small cells for discovery/measurement
· Rate matching pattern for RE muting

· RSRP/RSRQ measurement definition
Option #B: PSS + port-0 CRS with CRS-IC + NZP/ZP CSI-RS
· An example is shown in Figure 2
· PSS is utilized for coarse time/frequency synchronization and can be configured to exist or not based on whether there is necessity for an UE to conduct coarse synchronization
· PSS code sequence determination is the same as legacy one
· For better time/frequency synchronization, multiple PSS transmissions within a subframe are beneficial
· Port-0 CRS is utilized for fine time/frequency synchronization, cell detection and RSSI measurement
· Port-0 CRS code sequence determination is the same as legacy one
· NZP/ZP CSI-RS is utilized for RSRP measurement, QCL determination and simplified CSI measurement (e.g. rank-1 wideband CQI)

· NZP CSI-RS code sequence is configured through DRS configuration
· FFS CSI-IM in DRS

· Possible specification works

· Configuration of DRS, e.g. time-frequency location, list of small cells for discovery/measurement
· RSRP/RSRQ measurement definition
To assist UE to detect DRS transmission from small cells without excessive searching, there are two options.  
Option #1: Predefined rule to fix DRS transmission for all cells

Option #2: Configurable DRS transmission for cells based on network condition

Option #1 is the simplest way but it may sacrifice the flexibility for DRS transmission to adapt to the network condition and deployment scenario.  Compared to option #1, option #2 is relatively flexible but network assistance from MCG for DRS configuration in SCG is necessary at least for its time-frequency location and the list of small cells (with different or same PCI) for discovery/measurement.  Fine timing information from network assistance is not necessary because network can’t obtain fine timing information for each UE and it’s easier for UE to obtain this information autonomously based on DRS.
Proposal #1: In addition to PSS, UE can assume the existence of NZP/ZP CSI-RS within DRS transmission period for RSRP measurement and QCL determination in enhanced small cell discovery procedure.  CSI measurement on DRS is FFS.
Proposal #2: In addition to PSS, UE can assume the existence of CRS within DRS transmission period for fine time/frequency synchronization, PCI detection and DRS-based RSSI measurement.  Existing RSSI measurement definition can be reused.
Proposal #3: Network assistance related to DRS time-frequency location and the list of small cells for discovery/measurement should be provided to UE in enhanced small cell discovery procedure.


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

Observation #1: For fine time/frequency synchronization, if needed, CRS and PRS are better candidates, compared to CSI-RS, due to higher pilot density.

Observation #2: For cell detection, with network assistance of small cell PCI list, both SSS and CRS are good candidates.
Observation #3: For RSRP measurement, CSI-RS provides the best performance.

Observation #4: For RSRQ measurement, OFDM symbols containing either CRS or CSI-RS with no RE muting can be utilized for RSSI measurement to derive RSRQ.  However, less orthogonal radio resource configurations can be utilized for small cell discovery and RSRP measurement if some CSI-RS configurations are utilized for RSSI measurement.

Observation #5: Though RSSI measurement on OFDM symbols containing either CRS or CSI-RS with no RE muting may introduce RSRQ underestimate for small cell layer, it can be solved by introducing a bias value in favor small cell layer.
Observation #6: For QCL determination, NZP/ZP CSI-RS is the best choice.

Observation #7: For CSI measurement, if supported, both CRS and NZP/ZP CSI-RS with/without CSI-IM can be utilized.

Proposal #1: In addition to PSS, UE can assume the existence of NZP/ZP CSI-RS within DRS transmission period for RSRP measurement and QCL determination in enhanced small cell discovery procedure.  CSI measurement on DRS is FFS.

Proposal #2: In addition to PSS, UE can assume the existence of CRS within DRS transmission period for fine time/frequency synchronization, PCI detection and DRS-based RSSI measurement.  Existing RSSI measurement definition can be reused.

Proposal #3: Network assistance related to DRS time-frequency location and the list of small cells for discovery/measurement should be provided to UE in enhanced small cell discovery procedure.
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