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1. Introduction
At the RAN#62 meeting, the new WI proposal on “Small cell enhancements - Physical layer aspects” was approved [1]. According to the RAN1 conclusions agreed in the SCE SI, the objective of this WI includes the introduction of enhanced discovery of small cells as follows.
· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated SCell operating on/off can further reduce transition time depending on the detailed solutions
· Discovery procedure/signal(s) are needed
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.

Therefore, in this WI, RAN1 specifies Rel.12 discovery procedure/signal(s) according to exhaustive investigations on small cell discovery during the SI phase [2]. 

In this contribution, we first discuss a high-level design for Rel.12 discovery and its target scenarios, on which RAN1 should have common consensus before discussing details of the discovery signal design and corresponding specification. Then, we present our views on a high-level design for a discovery procedure and discovery signal design candidate for Rel.12 SCE.
2. Discussion on High-Level Design for Discovery Enhancement
2.1.
Discovery signal transmission and discovery procedure

In the SCE SI, it was found that small cell on/off operation can achieve significant throughput gains under the following assumptions.
· UE can discover/measure intra- and inter-frequency off-state cells so that the transition time is significantly reduced.
· Discovery signal transmission in the off-state does not cause severe interference to surrounding on-state cells.
Since the Rel.12 discovery mechanism will be basically designed for efficient small cell on/off operation, the above assumptions are quite important when designing the discovery signal transmission and discovery procedure. In addition, the UE effort and corresponding power consumption for small cell discovery should be taken into account.
Accordingly, the following two mechanisms should be considered in the high-level design of discovery signal transmission and a discovery procedure.
· Burst transmission of DL-SS/RS

· Discovery signal transmission with a short burst duration and a long period leads to actualizing the above important assumptions.
· Network synchronization and assistance
· UE effort on detecting a signal with a long period can be significantly reduced if cells transmit discovery signals synchronously and the UE obtains at least timing information of the synchronized discovery signals.
The above two mechanisms have already been considered in a large majority of contributions during the SI phase. Therefore, RAN1 should agree on a high-level design for Rel.12 discovery based on the above two mechanisms first, and then proceed to discussion on details of a discovery signal design.
Proposal 1: Rel.12 discovery mechanism should be designed based on the following.

· Burst transmission of DL-SS/RS

· Network synchronization and assistance

2.2.
Target scenarios and assumptions

The Rel.12 discovery mechanism should be designed for synchronized small cell operation within a cluster since the UE effort on the discovery of small cells can be relaxed using timing assistance information from the network by assuming synchronized discovery signal transmission among small cells. A serving cell, either macrocell or small cell, can inform connected-mode UEs of the timing assistance information for synchronized discovery signal transmission. However, there is a certain offset between the informed timing and the receive timing of each discovery signal at the UE receiver due to a timing offset and propagation delay difference between the serving cell and the target small cell. We can refer to a similar discussion on CA in which up to a 30 µs timing difference occurs due to the propagation delay difference between the macrocell and small cell [3].
Since the Rel.12 small cell on/off for interference mitigation should not be operated in carriers for coverage and mobility purposes to avoid causing a coverage hole, the Rel.12 discovery mechanism can focus on UEs in the connected-mode, i.e., the support of idle-mode UEs is basically not necessary.  In addition, considering the typical small cell scenario for offloading purposes, Rel.12 discovery would be optimized for low mobility UEs and wide system bandwidth cases, e.g., UE velocity of up to 30 km/h and a bandwidth larger than or equal to 5 MHz for small cells.

To summarize the above discussion on target scenarios and the assumptions for Rel.12 discovery, Rel.12 discovery can yield significant benefits for only some specific scenarios/UEs. All other scenarios, including asynchronous small cells, idle-mode UEs, high mobility UEs and carriers for coverage purposes, can be covered by a legacy discovery mechanism. Hence, Rel.12 discovery can be considered as complementary to legacy discovery.
Proposal 2: The Rel.12 discovery mechanism including a discovery signal(s)/procedure can be designed/optimized for the following scenarios since all other scenarios can be covered by a legacy discovery mechanism.
· Synchronized operation among small cells at least within a cluster
· Small cell carriers for offloading purposes, i.e., another carrier for coverage purposes is available
· Wide system bandwidth, e.g., not narrower than 5 MHz, for small cell carriers 

· UEs in connected-mode with low mobility, e.g., up to 30 km/h

3. Discussion on Discovery Signal Design
3.1.
Basic transmission format of discovery signal

According to the high-level design for Rel.12 discovery discussed in the above section, the basic transmission format for the discovery signal can be described as follows.
· N ms burst duration and M ms periodicity

· N should be one or a few milliseconds, and M should be several tens or hundreds of milliseconds.

One fundamental issue is whether the small cell transmits the discovery signal in both the on- and off-states or only in the off-state. If the small cell transmits the discovery signal only in the off-state, the UE needs to operate two different discovery mechanisms for a small cell carrier simultaneously, i.e., one is the Rel.12 discovery mechanism for off-state cells and the other is the legacy discovery mechanism for the on-state cells. It is clear that this UE procedure causes an increase in the UE effort and corresponding battery consumption compared to the case of performing only the single discovery mechanism at the small cell carrier. Therefore, the small cell should transmit the discovery signal in both the on- and off-states. The basic transmission format of the discovery signal is illustrated in Fig. 1.
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Figure 1 – Basic transmission format of discovery signal
As shown in Annex A, under fixed period M, a shorter burst duration, N, leads to better throughput gain of Rel.12 small cell on/off operation. Furthermore, evaluation results on cell identification performance during the SI phase have shown that a single measurement sample of one millisecond is sufficient for some discovery enhancements to achieve sufficient detection performance for the top two or three small cells. Therefore, N should be one millisecond unless RRM measurement performance within one millisecond is insufficient.
Proposal 3: The Rel.12 discovery signal should be an N ms burst with M ms periodicity, and should be transmitted in both the on- and off-states.

· N should be one millisecond, and M should be several tens or hundreds of milliseconds.

3.2.
Discovery signal design
As described in the summary on small cell discovery in TR36.872, mainly two options to achieve the enhancement of small cell discovery, i.e., a receiver-side enhancement and a transmitter-side enhancement, have been investigated during the SI phase. Details of these two options are described below.
· Option #1: Receiver-side enhancement

· Cells in the off-state transmit PSS/SSS/CRS with reduced periodicity as the discovery signal, and there is no change in the on-state transmission since PSS/SSS/CRS is transmitted as usual.

· In order to achieve sufficient cell detection and measurement performance even in a dense and synchronized small cell deployment, SS-IC and CRS-IC are applied at the UE receiver in this option.
· Option #2: Transmitter-side enhancement

· Cells in both the on- and off-state transmit a discovery signal that has a good correlation property among signals transmitted by synchronized small cells.
· According to the evaluation results captured in the TR, there are some discovery signal candidates for this option, e.g., the CSI-RS and PRS.
Considering the UE receiver complexity and battery consumption especially for the inter-frequency cell identification and measurement, Option #2 would be better than Option #1 in which an iterative procedure of signal detection and cancellation is required. In addition, although the SS-IC and CRS-IC have already been supported for a Rel.11 FeICIC capable receiver, the interference conditions, e.g., number of dominant interference sources and power ratio among interference sources, are different between the Rel.11 FeICIC scenario and Rel.12 SCE scenario. That is, while it is sufficient to cancel only one dominant interference source in Rel.11 FeICIC scenario, many interference sources would need to be cancelled in Rel.12 SCE scenario. Hence, a new performance requirement for Rel.12 SS/CRS-IC is required in Option #1.
On the other hand, Option #2 requires new cell identification and RSRP measurement procedures based on a RS other than the PSS/SSS and CRS. However, some candidate RSs such as the CSI-RS and PRS can achieve sufficient cell identification and measurement performance without any complex procedure at the UE receiver when the ZP-CSI-RS or MBSFN subframe is applied to avoid PDSCH interference to the discovery signal within the same cluster and a wide transmission bandwidth for the discovery signal is assumed. Detailed evaluation results are shown in Annex B.
Even in Option #2, a two-step cell identification procedure similar to the legacy procedure based on the PSS/SSS would be beneficial since the timing offset between the assisted timing and the actual receive timing of the discovery signal may exceed the CP length as shown in Fig. 2 and discussed in Section 2.2. In the case of a one-step cell identification procedure, a search of the FFT timing for discovery signals is required for all candidate discovery signals. In contrast, the FFT timing for discovery signals is found by a specific signal for timing search such as the PSS, and then the cell identification is performed based on another signal such as the CSI-RS and PRS in the two-step procedure. UE effort on the cell identification can be significantly reduced using the two-step procedure.
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Figure 2 – Example of timing offset between assisted timing and actual receive timing of discovery signal

Our proposed discovery signal comprises two parts. The first part is used for FFT timing detection for synchronized discovery signals and the second part is used for cell identification, coarse time/frequency synchronization, and RRM measurement for each small cell. For the first part of the discovery signal, the PSS only or PSS/SSS can be reused, and the second part of the discovery signal should be the CSI-RS. As argued in our companion contribution [4], the reason for the CSI-RS is that it can facilitate small cell planning since the CSI-RS is decoupled from the physical cell ID and can be used for cell identification and measurement even in the same cell ID operation within a cluster. In addition, the CSI-RS can provide sufficient detection and measurement performance for cells with a large RSRP gap from the best cell even in a dense deployment since it has a large number of orthogonal configuration patterns. CSI-RS-based cell identification and measurement can also work in different cell ID operations within a cluster.
Proposal 4: The Rel.12 discovery signal should comprise two parts. The first part is for a rough timing search, and the second part is for cell identification, coarse time/frequency synchronization, and RRM measurement for each small cell.

· The PSS/SSS can be reused for the first part of the discovery signal.

· The CSI-RS should be used for the second part of the discovery signal.

4. Conclusion
In this contribution, we presented our views on a high-level design for a discovery procedure and discovery signal design candidate for Rel.12 SCE. Our proposals are summarized below.
Proposal 1: Rel.12 discovery mechanism should be designed based on the following.

· Burst transmission of DL-SS/RS

· Network synchronization and assistance

Proposal 2: The Rel.12 discovery mechanism including a discovery signal(s)/procedure can be designed/optimized for the following scenarios since all other scenarios can be covered by a legacy discovery mechanism.
· Synchronized operation among small cells at least within a cluster

· Small cell carriers for offloading purposes, i.e., another carrier for coverage purposes is available

· Wide system bandwidth, e.g., not narrower than 5 MHz, for small cell carriers 

· UEs in connected-mode with low mobility, e.g., up to 30 km/h

Proposal 3: The Rel.12 discovery signal should be an N ms burst with M ms periodicity, and should be transmitted in both the on- and off-states.

· N should be one millisecond, and M should be several tens or hundreds of milliseconds.

Proposal 4: The Rel.12 discovery signal should comprise two parts. The first part is for a rough timing search, and the second part is for cell identification, coarse time/frequency synchronization, and RRM measurement for each small cell.

· The PSS/SSS can be reused for the first part of the discovery signal.

· The CSI-RS should be used for the second part of the discovery signal.
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Annex A.  Performance Evaluation on Small Cell On/Off with Different Burst Duration of the Discovery Signal
Table AI shows our evaluation results on semi-static small cell on/off operation in order to confirm the gain from reducing the burst duration of the discovery signal. We assume N = {1, 5, 10} ms and M = 40 ms according to Fig. 1 in Section 3.1. In this evaluation, we assume PSS/SSS/CRS with an N ms burst and M ms period as the discovery signal; hence, the effect of different settings of N ms is considered as CRS interference from off-state small cells. SCE scenario 2a with 10 small cells per cluster and 1 cluster per macrocell is assumed. All other assumptions are the same as those in [5]. We can see that a shorter burst duration leads to better throughput gain of small cell on/off operation, and the gain difference is not marginal.
Table AI. Simulation Results on Semi-Static Small Cell On/Off with Different Burst Durations
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Annex B.  Performance Evaluation on Small Cell Discovery
Table BI shows our evaluation results on the small cell detection performance for different discovery signal designs. According to the discussion in Section 3.2, we assume the two-step discovery procedure and evaluate the cell identification performance of different SS/RSs within 1 ms for the second step. RSRP gaps = {0, 6, 12, 18} are assumed as target discovery performance. Evaluation assumptions are the same as the previous evaluations captured in the TR [2]. Results show that the CSI-RS and PRS with an MBSFN subframe can provide sufficient detection performance even for cells with over a 10 dB RSRP gap since these transmission schemes can avoid/reduce interference among small cells within the same cluster.
Figure B1 shows RSRP measurement error performance for different discovery signal designs. In this evaluation, RSs with 25 RBs within 1 ms are used for RSRP measurement. Target cells for this evaluation are small cells within a 12 dB RSRP gap from the best small cell. Similar to the cell identification performance, we can see that a PDSCH muting scheme such as the ZP-CSI-RS and a MBSFN subframe is beneficial to achieve accurate RSRP measurements for cells with a large RSRP gap.
Table BI. Simulation Results on Small Cell Detection Probabilities
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Figure B1 – RSRP measurement error performance of RSs with 25 RBs for cells within a 12 dB RSRP gap
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