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1 Introduction
At the RAN1#76bis meeting, the following agreements were reached on the small cell discovery signal [1]:
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
In this contribution, we analyze CSI-RS and CRS as part of the DRS based on the different functions and performance targets that the DRS shall fulfil. Based on the analysis we propose that "Alt. 3b: DRS is PSS/SSS/CSI-RS" is selected as the DRS design. We also propose that the legacy RE mapping of PSS/SSS and CSI-RS is reused, as this has minimum standardization effort. Two methods for increasing the cell multiplexing capacity are also presented in the contribution. 
2 DRS signal design
Reusing the legacy RE mapping as much as possible is beneficial from several aspects:

· minimized standard impact, 
· minimal changes in the UE for the reception of DRS, 
· same DRS is transmitted in every DRS occasion. 
Adding more CRS or CSI-RS REs on other symbols in a burst would increase the UE power consumption. 
It has been shown in several contributions (for instance [2][3]) that using PSS and SSS makes it possible to achieve sufficiently good time and frequency synchronization.
In the Chairman's notes from RAN1#76bis [1] it is observed that possible functions for CSI-RS and CRS are:

· Cell detection (PCID identification)

· Transmission point (TP) detection (in the shared cell case)

· RRM measurements (RSRP and RSRQ)
Extensive evaluations (for instance [4][5]) regarding CSI-RS and CRS have been made both in the SI and WI phase. It has been shown that:

· CSI-RS and CRS can detect at least the three strongest cells with at least 90% detection probability

· Legacy RRM measurement requirements can be fulfilled 

· Note: RSRQ measurements is still under discussion as the RSSI measurement is not yet fully evaluated but it is expected that both CSI-RS and CRS will fulfil the legacy RSRQ measurement requirements. .
· TP detection can be done by using the CSI-RS
· The UE reports the detected configuration(s), the macro will then make the mapping between configuration number and TP ID. The number of valid TP ID can, if needed, be extended by using the FDM method outlined in section 3.2.

· Legacy CRS can not be used for TP detection. 
We conclude that "Alt. 3b: DRS is PSS/SSS/CSI-RS" can fulfil all the functions and achieve the performance targets without any major standard impact. Therefore we propose that the DRS shall consist of PSS/SSS/CSI-RS, using the RE mapping of PSS/SSS and CSI-RS for FDD and TDD. Figure 1 (FDD) and Figure 2 (TDD) show the resource mapping in one PRB.
· Each small cell uses one RE pair/PRB.

· PSS/SSS are only transmitted in the central 6 PRBs, while CSI-RS is transmitted over the whole bandwidth.

· Note: Not all small cells within one cluster would need to transmit PSS/SSS, at least one small cell within a cluster transmit PSS/SSS.
· 16 out of the possible 20 (32 for TDD) CSI-RS configurations are used.

· The same DRS configuration can be used for all system bandwidths (1.4MHz - 20MHz)
· For TDD, the used configurations are [6, table 6.10.5.2-1]: 1, 2, 3, 6, 7, 8, 12, 13, 14, 15, 16, 17 and 0,5,10,11.
· For FDD, the used configurations are [6, table 6.10.5.2-1]: 1, 2, 3, 6, 7, 8, 12, 13, 14, 15, 16, 17 and 4,9,18,19.
Proposal 1: The DRS consists of PSS/SSS/CSI-RS.
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Figure 1. DRS RE mapping of PSS/SSS and CSI-RS for FDD, if transmitted by the small cell. Central 6 PRBs (left) and rest of PRBs (right)
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Figure 2. DRS RE mapping of PSS/SSS and CSI-RS for TDD, if transmitted by the small cell. Central 6 PRBs (left) and rest of PRBs (right)
3 Options for increasing the cell multiplexing capacity
In this section three methods for increasing the cell multiplexing capacity are presented.

With the proposed DRS design given in section 2, 16 configurations (16 small cells) can be used. This number might be too small considering realistic deployment scenarios:

· Super dense deployment of small cells, more than 16 small cells in a cluster
· Large number of small cell clusters under one macro cell, can be several buildings/floors that all are under the same macro cell. The clusters can be isolated from each other.

The three methods can be used separately or in combinations depending on deployment scenario.
Re-using the DRS resources among the different clusters
In [7] it was proposed to use PSS/SSS for small cell cluster identification, so that a DRS resource used in one cluster can also be used in another cluster at the same. The network resolves the ambiguity by a reported PCI.
Figure 3 illustrates the method. Three small cell clusters are deployed in the coverage of a macro cell. Each small cell in the three clusters transmits its own DRS as the small cell discovery signal. The same DRS resources may be used by multiple small cells, as long as they are in different clusters.
· If the UE can detect and report the PCI of a strong cell , then the DRS resources in the discovery signal can be spatially reused among the different clusters since the network can use the reported PCI as a cluster identifier.

· When a UE approaches a small cell cluster, it can detect a PCI corresponding to a strong cell via the legacy cell search procedure. Consequently, the UE acquires the initial time and frequency synchronization for all small cells in the cluster. Then it can identify the small cell(s) in the cluster via the detected DRS. The UE reports the discovery results together with the detected PCI to the serving macro cell.
· When the serving macro cell receives the small cell discovery reports from the UE, according to the detected PCI it can first locate which small cell cluster the UE is closest to, and then identify the small cells corresponding to each reported RRM measurement.
Hence, the DRS resources for the small cell discovery can be reused among multiple small cell clusters provided that an adherent PCI is also detected and the PCIs of small cells in clusters under a macro cell differ. This can significantly increase the number of distinguishable small cells for a limited number of available DRS resources for the discovery purpose.
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Figure 3. Multiple small cell clusters reuse DRS resources for cell discovery
Observation 1: By identifying and reporting the PCI of the PSS/SSS that the UE used for synchronization when performing the DRS measurement, DRS resources for discovery purpose can be reused among small cell clusters. Thus the number of distinguishable small cells can be significantly increased for a limited number of available DRS resources for the small cell discovery.
Proposal 3: UE reports the PCI of the PSS/SSS that the UE used for synchronization when performing the DRS measurement during the enhanced small cell discovery procedure.
Introducing FDM for increasing cell multiplexing capacity
In [8] it was shown that by using Frequency Division Multiplexing (FDM) the total number of available CSI-RS configurations can be extended, with a factor of 3-6 depending on the system bandwidth. This will increase the total number of small cells that can transmit in a single sub-frame. In [8] it was also show how FDM can be used and that using FDM of the RBs for the CSI-RS configurations will provide sufficient performance in terms of detection probability and RSRP measurement accuracy. Further, FDM will not introduce any new time instances of the CSI-RS since the legacy resource mapping can be reused. 
Proposal 3: FDM is introduced in order to increase the cell multiplexing capacity. 

4 Conclusion 

In this contribution, we analyze the different functions and performance targets that the DRS shall fulfill and have the following observations and proposals:
Observation 1: By identifying and reporting the PCI of the strongest cell, DRS resources for discovery purpose can be reused among small cell clusters, thus the number of distinguishable small cells can be significantly increased for a limited number of available DRS resources for the small cell discovery.
Proposal 1: The DRS shall consist of PSS/SSS/CSI-RS

Proposal 2: UE reports the PCI of the PSS/SSS that the UE used for synchronization when performing the DRS measurement during the enhanced small cell discovery procedure.
Proposal 3: FDM is introduced in order to increase the cell multiplexing capacity.
5 Reference 

[1] 3GPP RAN1#76bis Chairman Notes
[2] R1-141486, Performance evaluation of small cell discovery signal designs, MediaTek Inc.
[3] R1-141466, Views on discovery signal design for Rel. 12 discovery procedure, NTT DOCOMO
[4] R1-133457, Small Cell Discovery for Efficient Small Cell On/Off Operation, NTT DOCOMO
[5] 3GPP TR36.872-c10, Small cell enhancements for E-UTRA and E-UTRAN - Physical layer aspects(Release 12)
[6] 3GPP TR36.211-b30, Physical Channels and Modulation

[7] R1-141413, On DS Design - Including SSS as part of the DS signal, ZTE

[8] R1-141414, On DS Design - Frequency division multiplexing, ZTE
1
3

_1460805620.vsd
�

MACRO


Small cell cluster #A


UE #1


Small cell cluster #B


UE #2


Small cell cluster #C


UE #3


PCI#i + DRS#m


PCI#j + DRS#m


PCI#k + DRS#m



