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1 Introduction

In [3], we proposed that:

a) For enhanced cell discovery, PSS/SSS of a cell in a small cell cluster can be used for coarse time and frequency synchronization for detecting the DRS of another cell in the same cluster.

b) A set of PCIs can be configured to indicate a PSS/SSS set that can be used as time and frequency reference for detecting a DRS resource.

c) For enhanced cell discovery, CSI-RS is used as the DRS for cell/transmission point identification and RSRP/RSRQ measurement.

In RAN1#76bis, the following agreements were reached regarding enhanced small cell discovery procedure.
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
Agreements:
· Rel. 12 discovery signal should identify transmission point

· Rel. 12 discovery signal should facilitate small cell on/off

In this contribution, we discuss discovery signal based RRM measurement procedure and provide a list of network signalling to assist small cell discovery procedure.

2 Discovery signal based RRM measurement procedure
2.1 Procedure and conditions for DRS detection/measurement

In RAN1#76, it was agreed that only RRC connected UE needs to support DRS detection/measurement. In this section, we discuss further conditions for DRS detection/measurement for the UE as well as the overall procedure.


Firstly, UE should only need to detect and measure DRS if configured by the network to do so (RRC). This is because not every network supports DRS transmission. As per RAN1#76bis agreement, there is at least one DRS measurement timing configuration per frequency (or DRS subframe configuration), where the DRS subframe periodicity and DRS subframe offset is indicated.  All possible DRS scrambling ids (0-503) or a reduced set of DRS scrambling ids can be attempted by the UE at each possible DRS location in each DRS subframe according to the DRS subframe configurations. The reduced set of DRS scrambling ids can be signalled by the network.

Secondly, since PSS/SSS is the time and frequency reference for DRS detection, PSS/SSS should be detected first before DRS. 


Thirdly, the UE only needs to attempt to detect and measure DRS if a corresponding PSS/SSS has been detected. Otherwise, the UE does not need to detect and measure DRS. The condition on PSS/SSS detection is beneficial to avoid unnecessary attempts by the UE to detect DRS especially if the UE is not near a small cell. Detection of PSS/SSS is in any case performed by the UE as part of cell searching based on the legacy PSS/SSS, so it is not considered additional effort by the UE. Avoiding unnecessary detection of DRS can result in significant UE power saving. 


As per RAN1#76bis agreement, since the DRS should be able to identify transmission point in a shared PCI deployment scenario, the DRS can be scrambled with virtual cell id (VCID) and the UE shall also report the DRS’s VCID along with the DRS based RSRP/RSRQ measurement. To allow for VCID reuse in multiple small cell clusters, the PSS/SSS’s PCI should also be reported by the UE, i.e. PSS/SSS’s PCI and DRS VCID uniquely identifies a TP in a shared PCI deployment scenario. 

Finally, if a DRS is detected, the UE shall also attempt to detect and measure the CRS associated with the same cell or TP as the detected DRS if the cell is determined to be ON via on/off signalling. The UE may assume the DRS’s VCID is also the PCI used to scramble the CRS to be detected. This trigger can reduce the time of CRS detection and measurement.

Steps of enhanced cell discovery procedure are summarized as follows and are illustrated in Figure 1.
Step 1: UE is configured with DRS measurement for a frequency and the PCI set for PSS/SSS used as coarse time and frequency synchronization.
Step 2: UE searches for PSS/SSS corresponding to the PCI set. This can be carried out by the UE as a normal PSS/SSS search.
Step 3: If a PSS/SSS belonging to the configured PCI set is detected, UE detects and measures DRS associated with the PSS/SSS. If no relevant PSS/SSS is detected, continue to Step 2 (i.e. UE doesn’t proceed to detect DRS)
Step 4: UE reports DRS based RSRP and identity of the detected cell or TP (DRS VCID & PSS/SSS’s PCI) to the eNodeB if a reporting criterion is met.

Step 5: If the cell detected is ON, UE attempts to detect PSS/SSS/CRS of the identified cell or TP. 

Step 6: CRS based RRM measurement is triggered if CRS of the identified cell or TP is detected.
Step 7: UE reports CRS based RSRP and identity of the cell or TP to the eNodeB if a reporting criterion is met
Proposal 1: UE only needs to attempt to detect and measure DRS if it has been configured to do so and if an associated PSS/SSS (for coarse synchronization) has been detected. Otherwise, the UE does not need to detect and measure DRS.
Proposal 2: UE reports the DRS’s VCID along with the DRS based RSRP/RSRQ measurement. To allow for VCID reuse in multiple small cell clusters, the PCI of PSS/SSS for coarse synchronization should also be reported by the UE.
Proposal 3: If a DRS is detected, the UE shall also attempt to detect and measure the CRS associated with the same cell or TP as the detected DRS if the cell is determined to be ON via on/off signalling. The UE may assume the DRS’s VCID is also the PCI used to scramble the CRS to be detected.

[image: image1.emf]UE

Small cell/TP 1 

on f2

Macro on f1

(serving cell)

RRC: CRS and DRS measurement configuration with PSS/SSS set configuration 

Small cell/TP 2 

on f2

RRC: DRS measurement report (DRS based RSRP& DRS VCID & PCI of PSS/SSS: Small cell/TP 1)

PSS & SSS

DRS

Attempt to 

detect PSS/

SSS

1

2

PSS/SSS is 

detected. 

Attempt to detect 

and measure DRS 

3

4

CRS

If cell detected is 

ON, attempt to 

detect PSS/SSS/CRS 

of the identified cell/

TP

CRS is detected. 

CRS based RRM 

measurement is 

triggered

5

6

RRC: CRS measurement report (CRS based RSRP& PCI: Small cell/TP 1)

7


Figure 1: Enhanced cell discovery procedure
2.2 DRS resource specific performance requirement 
The network can configure a UE to measure the DRS from multiple cells or TPs to assist the network in load balancing decisions. For a small cell deployment scenario, the cells or TP to be measured by the UE can be from a same cluster or can be from multiple clusters.

Cell/TP detection performance requirements are defined by RAN4 and are typically defined by cell/TP detection latency conditioned on a cell/TP’s signal quality satisfying a predefined criterion [4]. Depending on its location in a cellular network, a UE may not need to detect all DRS with a same latency. Simulations during the SI phase indicated that a significant percentage of UEs can detect cells geographically outside of the cluster of cells/TPs in which the UE is located [2]. 

Practically, the reduced latency DRS measurements are more critical for the strongest set of cells/TPs which are likely to be within the geographically closest small cell/TP cluster. The cell/TP detection performance requirement for the remaining set of cells/TPs can be more relaxed compared to that of the strongest set as indicated in Figure 2. 

Relaxed DRS requirements for certain sets of cells/TPs can allow for power saving at the UE while the network has flexibility to ensure the latency of discovery reference signal measurements is reduced for the set of cells/TPs with the most load-shifting/offloading potential. 
Given the above, we propose that DRS resource specific performance requirement can be indicated to the UE. If a relaxed performance indicator is signaled for a DRS, the UE applies relaxed detection/measurement on the DRS concerned.
Proposal 4: DRS resource specific performance requirement can be indicated to the UE. If a relaxed performance indicator is signaled for a DRS, the UE applies relaxed detection/measurement on the DRS concerned.
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Figure 2: Relaxed DRS performance requirements for different sets of small cells. 

3 Conclusions
In this contribution, we discussed small cell discovery procedure. Our proposals are as follows:
Proposal 1: UE only needs to attempt to detect and measure DRS if it has been configured to do so and if an associated PSS/SSS (for coarse synchronization) has been detected. Otherwise, the UE does not need to detect and measure DRS.

Proposal 2: UE reports the DRS’s VCID along with the DRS based RSRP/RSRQ measurement. To allow for VCID reuse in multiple small cell clusters, the PCI of PSS/SSS for coarse synchronization should also be reported by the UE.
Proposal 3: If a DRS is detected, the UE shall also attempt to detect and measure the CRS associated with the same cell or TP as the detected DRS if the cell is determined to be ON via on/off signalling. The UE may assume the DRS’s VCID is also the PCI used to scramble the CRS to be detected.
Proposal 4: DRS resource specific performance requirement can be indicated to the UE. If a relaxed performance indicator is signaled for a DRS, the UE applies relaxed detection/measurement on the DRS concerned.
A summary of network signaling for enhanced small cell discovery based on the above proposals are given below:

The following network signalling is proposed for enhanced small cell discovery RRM:

a. Set of PCIs corresponding to the PSS/SSS that UE has to search before detecting DRS;
b. The periodicity and subframe offset for DRS subframe, called DRS subframe configuration (or DRS measurement timing configuration). Multiple DRS subframe configurations can be configured to the UE;

c. The set of DRS scrambling ids or virtual cell ids to be searched can be configured to the UE; 

d. DRS RRM measurement event parameters such as DRS-specific measurement offset and measurement reporting threshold;
e.  Relaxed performance indicator associated with each DRS subframe configuration.
The above network signalling can be provided as DRS RRM measurement configuration by RRC (UE specific signalling).

The following additional UE DRS RRM reporting is proposed:

a. DRS based RSRP/RSRQ;
b. DRS VCID & PCI of PSS/SSS used for coarse synchronization.
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