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1. Introduction
At the RAN1#76bis meeting, the discovery reference signal (DRS) design for the Rel. 12 discovery procedure was discussed, and further down selection of DRS candidates will be performed at the RAN1#77 meeting as indicated below [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
In this contribution, we present our views on a detailed design for the discovery signal for the Rel.12 discovery procedure according to our investigation in our companion contributions [2][3]. Our proposal includes not only a fundamental design, i.e., Alt. 1, 3a, 3b or 5, but also design details such as the mapping of signals in the DRS duration.
2. Fundamental Discovery Signal Design
RAN1 considers the following as the metric for the Rel. 12 discovery signal design [4].
· At least top (3) small cell within Y dB RSRP gap should be detectable

· For cell identification

· The signal should be able to achieve over 90% detection probability for all detectable small cells

· For RRM measurement

· The signal should be able to achieve comparable RSRP measurement performance to legacy CRS-based RSRP for all detectable small cells

· 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

Regarding the target detectable small cells in dense small cell deployment, we propose that at least the top 3 small cells with a RSRP gap exceeding over 10 dB, e.g., 12 dB, should be detectable in such a deployment scenario. As shown in Fig. 1, if the discovery function provides sufficiently high detectability, the gains/improvements expected in various usage cases would be maximized. Otherwise, such gains/improvements would be limited or lost in some of the attractive usage cases. Therefore, the discovery function should not be a bottleneck for potential usage cases in a dense small cell deployment scenario. For example, as described in Annex A, we observed that if a UE can detect and utilize small cells with the RSRP gap of up to 12 dB, CoMP with 2 TP operation provides an additional 4-6% gain due to the increase in the CoMP UE ratio compared to the case where the UE can detect only small cells with the RSRP gap of up to 6 dB. We can expect that the gain would be increased by CoMP with 3 TP DPS/DPB since there might be more than 1 interferer to the desired signal with almost the same received power in some cases in dense small cell deployments. In addition, for small cell on/off, accurate detection and measurement for the second and third best small cells can allow flexible on/off operation including load balancing and aggregation.
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Figure 1 – Fundamental aspect of discovery function

According to the evaluation results presented in [2], the CSI-RS exhibits the best cell/TP identification and RSRP measurement performance in dense small cell deployments. When a wide measurement bandwidth such as over 25 RBs is applied to small cell discovery, the CSI-RS can satisfy the current RSRP measurement accuracy requirement even without time domain averaging. This means that a wide measurement bandwidth can allow a longer DRS periodicity. A longer DRS periodicity can provide a higher gain for the small cell on/off thanks to the smaller overhead. Therefore, a CSI-RS with a wide measurement bandwidth is the best candidate in terms of the achievable detectability and corresponding gain/improvement expected in various usage cases.
At the RAN1#76bis meeting, the following were agreed to confirm the motivation of the Rel. 12 discovery [1].
· Rel. 12 discovery signal should identify transmission point

· Rel. 12 discovery signal should facilitate small cell on/off
As we discussed in [3], using the sector-aligned CRS shift among TPs within a cluster can provide a performance gain from the CRS interference avoidance even without on/off operation. The same cell ID operation is one way of achieving this. For the same cell ID operation, the CSI-RS-based measurement is quite straightforward since each TP within the same cell cannot be identified and measured through the CRS.
To facilitate small cell on/off, either the CRS or CSI-RS can be utilized together with the PSS/SSS. The main advantages of the CSI-RS-based design are 1) a greater cell multiplexing capability, i.e., better discovery performance thanks to a large number of orthogonal configurations, 2) less planning effort also based on a large reuse factor, and 3) support of TP identification, i.e., decoupling between the PCID and the DRS pattern. This means that although the CRS-based design seems sufficient in some cases, the usage scenarios can be expanded by the CSI-RS based design. Therefore, we propose down selection from alternatives including the CSI-RS and to specify the CSI-RS-based RSRP/RSRQ measurements especially for the measurement bandwidth of over 25 RBs.
Proposal 1: The Rel. 12 discovery signal should be down selected from the following alternatives.

· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurability
· Alt. 3b: DRS is PSS/SSS/CSI-RS

· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurability
Proposal 2: The CSI-RS-based RSRP/RSRQ measurements should be specified.

· Focusing on a measurement bandwidth exceeding 25 RBs is preferred.

3. Discussion on Detailed Design of Discovery Signal
3.1.
Basic UE assumption for DRS-based measurement procedure
Before discussing the mapping of signals, we first clarify the definition of some terms regarding the DRS-based measurement procedure. The basic UE assumption for the DRS-based measurement procedure is illustrated in Fig. 2. 
· The DRS duration should be one or a few milliseconds.

· Considering the current measurement gap configuration for the inter-frequency measurement, the DRS duration should be up to 5 ms.

· The DRS period should be several tens or hundreds of milliseconds.
· Considering the current measurement gap configuration for the inter-frequency measurement, the DRS period should be a multiple of 40 ms.

· Each DRS duration includes a PSS/SSS and CRS and/or CSI-RS so that coarse time/frequency synchronization, cell/TP identification, and the RRM measurement can be achieved within one DRS duration.

· The PSS/SSS and CRS in the DRS duration transmitted by the cell in the on-state should be a subset of the legacy PSS/SSS and CRS transmission so that the legacy UE measurement for the cell in the on-state is not affected.
· The CSI-RS in the DRS duration may or may not be a subset of the CSI-RS transmission for CSI measurement. The CSI-RS transmission for CSI measurement may use four or eight antenna ports while the CSI-RS with one or two antenna ports for the DRS-based measurement is preferred to maximize the cell/TP multiplexing capability.

· In order to avoid a complex measurement procedure at the UE, the DRS transmission in the on-state should be identical to that in the off-state.

[image: image2.emf]DL DATA and SS/RS

DL DATA and SS/RS

Cell/TP #1

Cell/TP #2

Cell/TP #3

DRS duration

ON OFF  ON

Time

Within a same cluster

OFF to ON transition time

(Only SS/RS may exist)

DRS period


Figure 2 – Basic UE assumption for the DRS-based measurement procedure
3.2.
Mapping of signals in DRS duration
As argued in the previous subsection, the PSS/SSS and CRS transmissions in the DRS duration should be a subset of the legacy PSS/SSS and CRS transmissions in the on-state. Therefore, the mapping of the PSS/SSS and CRS in the DRS duration should be identical to the legacy PSS/SSS and CRS transmissions.
The mapping of the CSI-RS in the DRS duration depends on the number of subframes in the DRS duration, especially one subframe or multiple subframes, since some CSI-RS configurations overlap with PSS/SSS resources on the center 6 RBs in the same subframe. As discussed in [5], the benefit of one subframe for the DRS duration is the possibility of efficient inter-frequency small cell discovery. If the inter-frequency measurement for a certain carrier can be performed within a short time such as one subframe, multiple frequency carriers can be measured within one measurement gap of 6 ms or, by using a short measurement gap such as 2 ms, interruption of the serving frequency can be minimized. However, to achieve these efficient inter-frequency small cell discovery mechanisms, tight coordination between frequency carriers or a standardization effort on a new short measurement gap configuration is needed. In addition, to avoid collision between the PSS/SSS and CSI-RS, the reuse factor of the CSI-RS, i.e., maximum number of configurations to be assigned to cells/TPs, is limited to 16 in one subframe case.
In contrast, if multiple subframes in the DRS duration are allowed, the discovery performance can be improved. For example, CRS-based measurement can achieve an accumulation gain by using multiple subframes. In the CSI-RS-based measurement, the multiple subframes can be utilized to increase the reuse factor, i.e., cell/TP multiplexing capability, by applying the CSI-RS subframe offset. If the CSI-RS subframe offset is not applied and a non-zero power CSI-RS is transmitted on consecutive subframes, CSI-RS-based measurement can also achieve an accumulation gain. Examples of these improvements are shown in Fig.3. Furthermore, in the case of TDD, it is natural that the DRS duration comprises multiple subframes since the PSS and the SSS are mapped in different subframes. The maximum number of subframes in the DRS duration in the TDD case may be dependent on the uplink-downlink subframe configuration, i.e., number of consecutive downlink subframes.
[image: image3.emf]Accumulation gain for CRS

Cell/TP 1 Cell/TP 2 Cell/TP 3

Cell/TP 4

Increased reuse factor for CSI-RS

Accumulation gain for CSI-RS

Up to 20 orthogonal configurations Up to 20 orthogonal configurations


Figure 3 – Examples of discovery performance improvement based on multiple subframes

According to the above discussion, the number of subframes in the DRS duration should be configurable so that the network can adjust the number of subframes according to the required cell/TP multiplexing capability, the required discovery performance and/or the number of inter-frequency carriers to be measured. Then, the resource position of each signal in the DRS duration should be the same as that in the current specification. The mapping of signals in the DRS duration is shown in Fig. 4.
Proposal 3: The number of subframes in the DRS duration should be configurable between 1 and 5. 
· The DRS measurement timing configuration should include the duration.

Proposal 4: The resource position of each signal in the DRS duration should be the same as that in the current specification.
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Figure 4 – Mapping of signals in DRS duration

4. Conclusion
In this contribution, we presented our views on a detailed design for the discovery signal for the Rel.12 discovery procedure. Our proposals are summarized below.
Proposal 1: The Rel. 12 discovery signal should be down selected from the following alternatives.

· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurability
· Alt. 3b: DRS is PSS/SSS/CSI-RS

· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurability
Proposal 2: The CSI-RS-based RSRP/RSRQ measurements should be specified.

· Focusing on a measurement bandwidth exceeding 25 RBs is preferred.

Proposal 3: The number of subframes in the DRS duration should be configurable between 1 and 5. 

· The DRS measurement timing configuration should include the duration.

Proposal 4: The resource position of each signal in the DRS duration should be the same as that in the current specification.
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Annex A.  Performance Evaluation on CoMP Among Clustered Small Cells

DL CoMP among clustered small cells is efficient in dense small cell deployments. We show our evaluation results on CoMP in SCE scenario 2a. Here, we assume an ideal backhaul among the clustered small cells, i.e., Rel. 11 CoMP is performed. The maximum CoMP set size is 2 and the CoMP set is configured based on an RSRP gap within 6, 12, or 18 dB. Ten small cells within a cluster and only UEs within a cluster region are considered in the evaluation. Evaluation results are summarized in Table AI.

The results show the CoMP gain itself and further improvement in the CoMP set based on a larger RSRP gap due to the increase in the ratio of CoMP UEs. The ratio of CoMP UEs in the cluster region is approximately 58%, 88%, and 97% in the case of a 6 dB gap, a 12 dB gap, and an 18 dB gap, respectively. The CoMP operation with a 12 dB RSRP gap provides an additional 4-6% gain compared to the case with a 6 dB RSRP gap. However, the performance gain seems to be saturated when the RSRP gap is extended from 12 dB to 18 dB. In addition, although it is not shown in Table AI, we expect that the gain can be increased by CoMP with 3 TP DPS/DPB since there might be more than 1 interferer to the desired signal with almost the same received power in some cases in dense small cell deployments.
Table AI. Simulation Results with CoMP Set Based on Different RSRP Gap Threshold
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