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1 Introduction

In RAN1#76bis, the following agreements were made with regards to small cell discovery. 
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
In this contribution, we provide our views on the detailed design of discovery reference signal (DRS).
2 Discovery Reference Signals Design

In our view, there should be only two types of reference signals transmitted for enhanced cell discovery procedure, namely:

a)  signal(s) used for coarse time and frequency synchronization, which are the PSS/SSS; and 

b)  signal(s) used for cell/TP identification as well as for RRM measurement (RSRP & RSRQ), which is simply referred to as the DRS. 
2.1 PSS/SSS for coarse time and frequency synchronization 

From the small cell discovery study [2], it is well known that the UE can reliably detect the PSS/SSS of the strongest cell in a small cell cluster even with only one subframe. Since all small cells within the same cluster are typically synchronized (e.g. such that timing offset at UE is within ±3 µs and frequency offset at UE is within ±0.1ppm), this implies that the UE can use the timing and frequency of a detected PSS/SSS in the cluster as the timing and frequency reference for detecting the DRS of any cell in the same cluster. This is illustrated in Figure 1. Note that the PSS/SSS is not necessarily transmitted from the same small cell that transmits DRS. 

It is also our view that the PSS/SSS should be the legacy PSS/SSS, and only need to be transmitted by a cell that is ON. One benefit of using legacy PSS/SSS is that PSS/SSS detection can reuse existing UE implementation. In case there are multiple ON cells in a cluster detected by the UE, the UE can choose the strongest PSS/SSS. In case there is no offered traffic in the cluster, at least one small cell in a cluster would typically still be ON for coverage purpose; and this cell would transmit PSS/SSS, CRS, data needed for initial access (PBCH, SIBs) and optionally DRS; whereas the other dormant cells would be transmitting DRS. Nevertheless, whether PSS/SSS is actually also transmitted by OFF cell may be able to left to network implementation since it is required to be known by the UE and it does not affect normal UE operation.
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Figure 1: PSS/SSS for coarse time and frequency synchronization
Proposal 1: 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.

From the small cell discovery study [2], it is also known that when multiple small cells clusters are close to each other, some UEs are likely to detect cells from multiple clusters. Since small cells from different clusters may not be synchronized, the PSS/SSS from cells in one cluster should not be used as the time/frequency reference for detecting DRS from cells in another cluster. This implies that the UE should be informed by the network about the set of PSS/SSS that can be used as the time/frequency reference for a set of DRS resources. A set of PCIs can be configured for a given set of DRS resources. If the UE detects a PSS/SSS where the corresponding PCI belongs to the set, then the UE can use the PSS/SSS for detecting any DRS in the associated DRS resources. This network assistance can be sent from the serving cell, which can be the macro cell or a small cell that the UE is connected to.
Proposal 2: A set of PCIs can be configured to indicate a PSS/SSS set that can be used for coarse time and frequency synchronization for detecting a DRS resource.
2.2 Signals for cell/transmission point identification and RSRP/RSRQ measurement 

In the last meeting, the candidate for DRS has been narrowed down to CSI-RS, CRS or both CRS and CSI-RS. In our view, the candidate solution to be adopted should be decided based on both performance and its backward compatibility. In particular, it was agreed in RAN1#76 that cell multiplexing capability, UE power efficiency, and impact to legacy UE’s measurement are all important considerations when deciding the signal for DRS.

CSI-RS has been shown to provide excellent cell detection capability as it can be configured to be relatively free from inter-cell interference (see e.g. [3]

 REF _Ref367706508 \n \h 
[4]

 REF _Ref367706577 \n \h 
[5]

 REF _Ref367706619 \n \h 
[6][13][14]), thanks to muting and high reuse factor that improves SINR operating point while allowing a large number of cells’ DRS to be multiplexed (e.g. even without utilization OCC, up to 20 cells can be multiplexed in a subframe as shown in Figure 2, assuming single CSI-RS antenna port for DRS). It has been shown [2] that at least 3 cells can be comfortably detected with high reliability. Cell/TP detection capability of CSI-RS can be further enhanced by allocating additional transmission power, which is especially applicable for the case when a cell is transmitting the DRS in an OFF state. Since there are no data or control signals being transmitted, the eNB can reallocate the unused transmission power to the DRS. Such reallocation of transmission power would lead to enhanced cell/TP detection capability. On the other hand, it is highly questionable if CRS can provide reliable cell detection performance due to the lack of muting support and the lack of high reuse factor, resulting in high inter-cell interference. It is shown e.g. in [12] that the second strongest cell detection probability if CRS (no muting) is the DRS is <80% in a high load situation. A similar observation has also been made in [13][14].

CSI-RS has also been shown in the past to be able to satisfy RAN4 performance requirement on RSRP [7][9] and is confirmed again recently e.g. in [8] [13] [15][16] in the small cell discovery context. Compared to CoMP, CSI-RSRP is expected to have even better performance for dense small cells due to improved SINR from the generally lower path loss between a small cell and a UE. To further improve measurement accuracy, the measurement bandwidth can be specified to be at least 5MHz which is reasonable since small cell bandwidth < 5MHz is not expected to be common or deployed. As RAN4 has evaluated CSI-RSRP for CoMP, work done in the past can be reused to a large extent, thereby saving significant specification effort and time. 

Another major advantage for CSI-RS is that it is a backward compatible solution since CSI-RS as DRS can be configured as zero-power CSI-RS resources for legacy UEs. CSI-RS based DRS results in lower overall RS overhead when DRS is configured for an ON cell since the CSI-RS as DRS can be a part of CSI-RS for CSI measurement purpose. The relationship of CSI-RS for DRS and the CSI-RS for CSI measurement is shown in Figure 3, where the periodicity of CSI-RS for DRS can be an integer multiple of the CSI-RS periodicity for CSI measurement. However, from the UE’s perspective, the configuration for the two types of CSI-RS can still be independent.

Last but not least, DRS design should not preclude consideration of practical deployment scenarios and one important deployment method for small cell cluster is the shared PCI deployment, where all small cells within a cluster share the same PCI. Moreover, such scenario is already supported in Rel-11 (CoMP scenario 4). CSI-RS based DRS is ideal for TP identification in the shared PCI scenario since virtual cell id configuration for CSI-RS scrambling is supported in current specification. On the other hand, CRS is only capable of cell identification but not TP identification. Further specification effort would be needed to enhance CRS based DRS capability.   
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Figure 2: CSI-RS for cell/TP identification as well as for RRM measurement
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Figure 3: CSI-RS for DRS and CSI-RS for CSI measurement

We conclude this section with a summary of our observations and proposals. 
Observations:

a) CSI-RS has been shown to provide excellent cell/TP detection capability thanks to muting and high reuse factor.
b) Cell/TP detection capability of CSI-RS can be further enhanced by allocating additional transmission power when a cell is off.
c) CSI-RS based DRS can satisfy RAN4 performance requirement on RSRP. If necessary, the measurement bandwidth can be specified to be at least 5MHz.
d) CSI-RS based DRS is backward compatible since it can be configured as zero-power CSI-RS resource for legacy UE.
e) CSI-RS based DRS results in lower overall RS overhead when DRS is configured for an ON cell since the CSI-RS as DRS can be a part of CSI-RS for CSI measurement purpose.

f) CRS based DRS cannot provide reliable cell detection performance, especially in a high load situation, due to the lack of muting support and the lack of high reuse factor.
g) DRS design should consider shared PCI deployment scenario. Unlike CRS-based DRS, CSI-RS based DRS can already support TP identification in the shared PCI scenario in Rel-11.
h) CSI-RS, according to the present specification, already possess many desirable properties which make it an ideal choice for DRS. CRS-RS based DRS requires the least specification effort, while still meeting cell/TP detection/identification performance requirement.
Proposal 3: For enhanced cell discovery, CSI-RS is the DRS for cell/transmission point identification and RSRP/RSRQ measurement.
3 Conclusions

In this contribution, we provided our views on DRS design. We propose that there should be only two types of reference signals transmitted for enhanced cell discovery procedure, namely:

a) signal(s) used for coarse time and frequency synchronization, which are the PSS/SSS; and 

b)  signal(s) used for cell/TP identification as well as for RRM measurement (RSRP & RSRQ), which is simply referred to as the DRS. 
Our observations on the DRS candidates are summarized below.
Observations:

a) CSI-RS has been shown to provide excellent cell/TP detection capability thanks to muting and high reuse factor.
b) Cell/TP detection capability of CSI-RS can be further enhanced by allocating additional transmission power.
c) CSI-RS based DRS can satisfy RAN4 performance requirement on RSRP. If necessary, the measurement bandwidth can be specified to be at least 5MHz.

d) CSI-RS based DRS is backward compatible since it can be configured as zero-power CSI-RS resource for legacy UE.

e) CSI-RS based DRS results in lower overall RS overhead when DRS is configured for an ON cell since the CSI-RS as DRS can be a part of CSI-RS for CSI measurement purpose.

f) CRS based DRS cannot provide reliable cell detection performance, especially in a high load situation, due to the lack of muting support and the lack of high reuse factor.
g) DRS design should consider shared PCI deployment scenario. Unlike CRS-based DRS, CSI-RS based DRS can already support TP identification in the shared PCI scenario in Rel-11.
h) CSI-RS, according to the present specification, already possess many desirable properties which make it an ideal choice for DRS. CRS-RS based DRS requires the least specification effort, while still meeting cell/TP detection/identification performance requirement.

Finally, our proposals are as follows:
Proposal 1: 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.
Proposal 2: A set of PCIs can be configured to indicate a PSS/SSS set that can be used for coarse time and frequency synchronization for detecting a DRS resource.
Proposal 3: For enhanced cell discovery, CSI-RS is the DRS for cell/transmission point identification and RSRP/RSRQ measurement.
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