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1. Introduction
At the RAN1#77 meeting and in the subsequent E-mail discussion [77-09], a number of agreements regarding the design of discovery reference signal (DRS) for the Rel. 12 discovery procedure were reached [1],[2]. In the Rel. 12 discovery procedure, a UE assumes the PSS/SSS/CRS in the DRS, and additionally the CSI-RS is assumed in the DRS for measurement if it is configured by higher layers.
In this contribution, we present our views on the remaining details regarding the DRS design for the Rel. 12 discovery procedure, e.g., FFS parts in the above agreements. In addition, before discussing the details regarding the DRS design, usage scenarios of CRS-based measurement and CSI-RS-based measurement are clarified. Our views on RRM measurement procedures for the Rel. 12 discovery, including the required network assistance signaling, are presented in our companion contribution [3]. 
2. Clarification of Usage Scenarios

2.1.
DRS based cell/TP identification and measurement
According to the agreed Rel. 12 DRS design, cell identification and measurement for a small cell carrier performing on/off may be based on the PSS/SSS and CRS. Additionally, the CSI-RS needs to be used for the transmission point (TP) identification and measurement in the case that a group of TPs on the small cell carrier share the same cell ID. However, in general, the specification should not unnecessarily restrict usage scenarios related to techniques such as DRS-based measurement. The flexibility of network operation should be maximized unless a significant impact on the standardization and/or implementation is foreseen. Although the CSI-RS-based DRS measurement would require some conditions to be configured, e.g., synchronization and coordination between cells/TPs on the same carrier, it can be used for not only the shared cell ID case but also other cases as far as such conditions are satisfied. There should be little to no additional specification effort to support the non-shared cell ID case in the CSI-RS-based DRS measurement.
Proposal 1: The usage scenarios for Rel. 12 discovery should not be unnecessarily restricted to the TP identification in the shared cell ID case.

2.2.
Assumption regarding synchronization between cells/TPs on the same carrier

At the RAN1#77 meeting, the following were observed based on the evaluation results.
Observations:

· DRS design needs to consider tradeoff of levels of interference coordination (synchronization level, number of supported reuse, and inter-eNB planning) versus total received power (RE density X number of measured subframes and BW):

· With no interference coordination (including sparse deployment) or in asynchronous scenario, CRS performs better.

· As shown in the evaluation results for equally low SINR region

· In some cases, CSI-RS performs better with larger number of detectable cells and better RRM accuracy for weaker cells

· Higher SINR experienced by CSI-RS in dense deployment when interference coordination is implemented

· DRS design that allows configurability of reporting both CRS-based and CSI-RS-based small cell discovery RRM measurement is beneficial
For the CSI-RS based DRS measurement, tight synchronization between DRS-capable cells/TPs within a cluster on the same carrier is needed since the muting mechanism is essential for the above observation regarding the CSI-RS based measurement. In addition, the PSS/SSS subframe(s) between DRS-capable cells/TPs within a cluster on the same carrier should be aligned to avoid collision between the CSI-RS and PSS/SSS. In that sense, the UE may be able to use the detected timing based on the PSS/SSS of a certain cell/TP for the detection and measurement of the CSI-RS(s) of synchronized cells/TPs. This means that the boundaries of DRS occasions should be within the CP length. However, the UE needs to know which PSS/SSS timing is associated with the group of CSI-RS configurations unless all cells/TPs, i.e., all PSS/SSS, on the same carrier are synchronized. Possible synchronization conditions on the carrier to be configured with the CSI-RS based DRS measurement are shown in Fig. 1. In scenario#2 and #3, the UE needs to know the association between PSS/SSS timing and a group of the CSI-RS configurations. In terms of the flexibility of network operation, we would like to support all scenarios shown in Fig. 1 for the CSI-RS based DRS measurement. The signaling solution to support these scenarios is discussed in our companion contribution [3]. We propose the signaling to indicate that the PSS/SSSs associated with the PCIDs in the list are synchronized with the CSI-RS configurations in the same list.
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Figure 1 – Possible synchronization conditions on the carrier to be configured with CSI-RS based DRS measurement

On the other hand, the CRS based DRS measurement can basically work even in an asynchronous network. The only the required condition for the CRS based DRS measurement is that DRS occasions of all cells/TPs on the same carrier must exist within the measurement duration based on the configured DMTC. As far as this condition is satisfied, the rough synchronization condition can be considered for the CRS based DRS measurement. The UE can assume that each cell/TP on the carrier has an individual PSS/SSS timing, which is similar to the legacy discovery case. This means that the offset between boundaries of PSS/SSS subframes in DRS occasions can exceed the CP length, but it must exist within the measurement duration based on DMTC, e.g., a few milliseconds. In addition, if the UE can expect continuous CRS transmission within the DMTC duration, e.g., within measurement gap, this assumption would simplify the RAN4 work for Rel. 12 discovery, i.e., the current requirement may be reused or simply extended according to the DRS periodicity.
Proposal 2: For the DRS-based measurement, the following conditions regarding synchronization between cells/TPs on the same carrier are required.

· For CSI-RS-based DRS measurement, a UE can assume tight synchronization between cells/TPs transmitting the CSI-RS at least within a certain group on the same carrier.
· The UE can be informed of multiple groups of cells/TPs.
· For CRS-based DRS measurement, a UE can assume rough synchronization between cells/TPs on the same carrier in which DRS occasions of all cells/TPs are available within the measurement duration based on the DMTC.

3. Details on Discovery Signal Design
3.1.
Number of subframes in a DRS occasion

RAN1 agreed that a DRS occasion for a cell comprises up to five consecutive subframes and FFS whether the number of subframes in a DRS occasion is fixed or configurable. For the CSI-RS based DRS measurement, the required number of subframes in a DRS occasion is relevant to the required reuse factor of the CSI-RS, i.e., the required number of orthogonal CSI-RS configurations. Since the required reuse factor is dependent on the deployment scenario, the required number of subframes in a DRS occasion for the CSI-RS based DRS measurement should be configurable to achieve flexibility. In addition, since the available CSI-RS configurations in the PSS/SSS subframe are quite limited, the minimum number of subframes should be two. If the relative subframe offset between the SSS and the CSI-RS is signaled for each CSI-RS configuration, the number of subframes in a DRS occasion does not need to be explicitly signaled.
For the CRS based DRS measurement, since all the DL subframes and the DwPTS region of a subframe in a DRS occasion are available to the CRS, multiple CRS subframes cannot increase the reuse factor. According to the RAN1 evaluation results on CRS-based RSRP measurement, it seems that only one CRS subframe in a DRS occasion is sufficient to achieve the required accuracy [4]. However, multiple CRS subframes may be used for other purposes, e.g., AGC setting and so on, in some legacy implementations. In the legacy inter-frequency measurement for the FDD, a UE can assume continuous CRS transmission of all cells on the carrier within a measurement gap. Therefore, in order to reuse the implementation and requirement on the legacy discovery as much as possible, the number of subframes in a DRS occasion for the CRS based DRS measurement should be large enough so that the UE can assume the DRS within the measurement duration based on the DMTC is exactly the same as the legacy PSS/SSS and CRS within measurement gap. As described in Section 2.2, this assumption may reduce the RAN4 workload for Rel. 12 discovery. However, the problem of DRS occasion with large number of subframes is the increased CRS interference compared to that in the shorter DRS occasion case. Even in the legacy implementation, only one or two CRS subframes per period are used for the measurement in some cases, e.g., when the subframes other than #0, #4, #5 and #9 are MBSFN subframes and the case of TDD. In that sense, configurability for the number of subframes in a DRS occasion also for the CRS based DRS measurement can be considered.
In some cases, a UE may be configured with both the CRS-based measurement and the CSI-RS-based measurement on the same carrier. Considering such a situation, the commonality between UE assumptions for the CRS-based measurement and the CSI-RS-based measurement in terms of DRS duration is preferable. Therefore, we propose that for both the CRS-based measurement and CSI-RS-based measurement, the number of subframes in a DRS occasion should be configurable.
Proposal 3: For the CRS-based and CSI-RS based DRS measurement, the number of subframes in a DRS occasion should be configurable.

Regarding the relative position of the PSS/SSS subframe(s) within a DRS occasion, we think that it can be fixed in the specifications for FDD and TDD, respectively. In the case of FDD, a UE can assume that the detected PSS/SSS subframe is the first subframe within a DRS occasion. On the other hand, in the case of TDD, a UE can assume that the detected SSS subframe and subsequent PSS subframe are the last two subframes within a DRS occasion. Therefore, the signaling of the DRS duration, i.e., number of subframes for one DRS occasion, should be supported, and it should be a carrier-specific parameter since this is just for the UE assumption. The actual DRS transmission configuration is not restricted by the specification while the DMTC should be a subset of the actual DRS transmission configuration to ensure that every DMTC includes a DRS occasion.
3.2.
CSI-RS configuration
Regarding the CSI-RS configuration for DRS measurement, whether to allow more than one subframe, more than two REs/PRB and/or other antenna port(s) in addition to port 15 are FFS. All these elements are considered in improving the measurement accuracy, i.e., reducing the measurement delay. A wider measurement bandwidth can also improve the measurement accuracy of the CSI-RS based DRS measurement. Considering the typical deployment scenario of small cells for offloading purposes, the small cells would have a wide system bandwidth, i.e., at least wider than 5 MHz. In that sense, we should consider a wider measurement bandwidth at least wider than 5 MHz first to improve the measurement accuracy. In addition, as described in the previous sub-section, multiple subframes should be utilized to increase the reuse factor of the CSI-RS configuration rather than improve the measurement accuracy. Utilizing more than two REs/PRB and/or antenna port 16 can be considered to reduce further the measurement delay. However, the RAN4 requirement would be based on 2 REs/PRB and antenna port 15.
Proposal 4: For the CSI-RS as a DRS, a UE can assume that each CSI-RS configuration in a DRS occasion occupies only one subframe.

Regarding the data rate matching issue, we believe that the Rel. 11 UE data rate matching pattern on the CSI-RS as the DRS can be reused. A number of ZP-CSI-RSs would be configured to the UE for data rate matching on the CSI-RS as a DRS.
3.3.
CRS antenna port(s)

In the current specifications, the presence of antenna port 1 can be signaled in the measurement object so that the UE can utilize CRS antenna port 1 in addition to antenna port 0 for the measurement. However, the RAN4 requirement on RRM measurement is based on CRS antenna port 0. In the Rel. 12 small cell on/off operation, cells in on-state may transmit a CRS using 2 or 4 ports. On the other hand, cells in the off-state should only transmit CRS port 0 in order to reduce the interference to the surrounding on-state cells. Therefore, we have a slight preference to not include the CRS antenna port 1 in the UE assumption for the CRS-based DRS measurement.
Proposal 5: For the CRS-based DRS measurement, a UE can assume that CRS antenna ports other than antenna port 0 are not included in a DRS occasion.

3.4.
Relation to restricted measurement subframe

In the current specification, when the UE is configured with the time-domain measurement resource restriction pattern for the measured cells, the UE performs RRM measurement for the cells only in the restricted subframes. To maintain the UE behavior when the measurement subframe restriction pattern is configured, this pattern should be aligned with the DMTC on the same carrier.
Proposal 6: For a certain UE, the measurement subframe restriction pattern should be aligned with the DMTC on the same carrier so that the UE performs DRS-based RRM measurement only in restricted subframes.
4. Conclusion
In this contribution, we first presented our views on the usage scenario of CRS-based DRS measurement and CSI-RS-based DRS measurement as described below.
Proposal 1: The usage scenarios for Rel. 12 discovery should not be unnecessarily restricted to the TP identification in the shared cell ID case.

Proposal 2: For the DRS-based measurement, the following conditions regarding synchronization between cells/TPs on the same carrier are required.

· For CSI-RS-based DRS measurement, a UE can assume tight synchronization between cells/TPs transmitting the CSI-RS at least within a certain group on the same carrier.

· The UE can be informed of multiple groups of cells/TPs.

· For CRS-based DRS measurement, a UE can assume rough synchronization between cells/TPs on the same carrier in which DRS occasions of all cells/TPs are available within the measurement duration based on the DMTC.

Then, we presented our views on a detailed design for the discovery signal for the Rel.12 discovery procedure. Our proposals are summarized below.
Proposal 3: For the CRS-based and CSI-RS based DRS measurement, the number of subframes in a DRS occasion should be configurable.

Proposal 4: For the CSI-RS as a DRS, a UE can assume that each CSI-RS configuration in a DRS occasion occupies only one subframe.

Proposal 5: For the CRS-based DRS measurement, a UE can assume that CRS antenna ports other than antenna port 0 are not included in a DRS occasion.

Proposal 6: For a certain UE, the measurement subframe restriction pattern should be aligned with the DMTC on the same carrier so that the UE performs DRS-based RRM measurement only in restricted subframes.
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