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1. Introduction
The following agreements on small cell discovery were reached in RAN1#76bis.
Agreements:
· Rel. 12 discovery signal should identify transmission point

· Rel. 12 discovery signal should facilitate small cell on/off

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 discuss the design of discovery signal for small cells and give our proposals.
2. Discussion
During RAN1 76bis, it has been agreed a DRS burst comprises both PSS and SSS.  Therefore it is naturally to use PSS and SSS for cell identification, which is the existing mechanism. PSS/SSS is well designed to support autonomous cell ID detection for up to 504 cell IDs by using 3 PSS root sequences and 168 SSS sequences. However, for dense small cell deployment scenario, due to the severe interference among small cells within a cluster, with legacy PSS/SSS only up to two small cells in a small cell cluster can be detected [1], which may not be sufficient for small cell application such as load balancing. To improve PSS/SSS cell detection performance, additional PSS/SSS can be used and different small cells in the same small cell cluster can transmit different PSS/SSS located in different time or frequency resource to alleviate the mutual interference among small cells. Furthermore, since there are only 3 root sequences for PSS and PSS has good cross-correlation properties, PSS will not be the bottleneck in legacy PSS/SSS cell detection procedure. Therefore, in order to boost the reuse factor and avoid the resource consumption of additional PSSs, the legacy PSS can be reused and only additional SSS is used to improve cell detection performance. 
For RRM measurement, we propose to use CRS as the discovery signal due to the following reasons. Firstly, CSI-RS has never been used for RSRP measurement in the existing implementation. Therefore if CSI-RS is used, new UE implementation and new RAN 4 specification requirements are needed. Secondly, due to the very limited number of REs per PRB, the RSRP measurement performance using CSI-RS for small bandwidth is not sufficient. Even for small cells with large system bandwidth, the UEs may need to be informed of the bandwidth information to guarantee the measurement performance which is not supported in existing neighbor cell measurements in which only central RBs are measured. In addition, introducing the CSI-RS based RSRP will significantly impact the higher layer procedure of UE mobility management. However, CRS has been used for RSRP measurement in the legacy releases thus the UE implementation can be reused. To improve the RSRP measurement performance, single port CRS (port 0) can be used so that CRS reuse factor 6 can be utilized. Therefore the mutual CRS interference among small cells in the same cluster can be decreased. In order to further reduce the interference from ON cells to OFF cells, PDSCH muting can be used in ON cells by avoiding PDSCH scheduling in the DRS PRBs. 
In our companion contribution [2], system level and link level simulations are used to evaluate the cell detection performance of PSS and additional SSSs and RSRP measurement performance of CRS. It is observed from the simulation results that the above proposed DRS burst structure is sufficient for small cell discovery.   

It has been agreed that shared cell ID scenario shall be considered in discovery signal design to support transmission point identification. And such transmission point identification was used as the justification to support CSI-RS based transmission point detection and RSRP measurement. However, for CSI-RS,  since pseudo-random sequence based on the cell ID is used, without network assistance information such as mapping relationship between PCIs and time/frequency resource of DRS, cell detection will become very difficult since 504 blind detections per DRS candidate time/frequency location is needed. On the other hand, if network assistance information is provided to UEs, the cell detection can be simplified but with the price of high signaling overhead, since tens of small cells in several small cell clusters under the same macro cell or adjacent macro cells may be the possible candidate serving cells for a UE depending on the UE’s location. In addition, the cell detection performance for narrow system bandwidth is also questionable. 

CSI-RS based discovery signal is not the only way to support transmission point identification/measurement in shared cell ID scenario. As extensively discussed in the Rel-11 COMP work item, SRS can be used for transmission point identification and measurements. As one example illustrated in Figure 1, the transmission point identification/measurement procedure is triggered by the serving cell, i.e. by scheduling a UE to send SRS. At the same time, the serving cell can inform the SRS transmission configuration of the UE to the transmission points that would potentially be identified through backhaul. Then the transmission points report the SRS measurement results to the serving cell through backhaul. Based on the measurement report, the serving cell determines the transmission point that is suitable to serve the UE and active the transmission point.  In this procedure, the UE is only required to transmit SRS based on the serving cell’s configuration. The information exchange between serving cell and transmission points are network implementation specific since ideal backhaul connection can be assumed in the shared cell ID scenario. The transmission point is required to receive SRS from the UE according to the serving cell’s information and report the measurement results to the serving cell which is also implementation specific. Therefore, the above mechanism of transmission point identification/measurement does not require any specification work and shall be considered when discussing the solutions for small cell on/off in shared cell ID scenario.
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Figure 1: Transmission point identification using SRS
Based on the above discussion, we propose that Alt. 3a (DRS is PSS/SSS/CRS)  is adopted as the Rel.12 discovery signal and in order to provide sufficient small cell discovery performance, “legacy PSS plus additional SSSs and CRS” are used as the discovery signal in enhanced small cell discovery procedure.
Proposal 1: Alt. 3a (DRS is PSS/SSS/CRS)  is adopted as the Rel.12 discovery signal.
Proposal 2: Legacy PSS plus additional SSSs and CRS are used as the discovery signal in enhanced small cell discovery procedure.

Proposal 3: To support small cell on/off in shared cell ID small cells deployment, SRS can be used for transmission point identification and measurement, which does not require specification work.
Figure 2 shows an example of small cell discovery signal burst. Small cells in OFF state transmit legacy PSS (in subframe 1 for TDD or in subframe 0 for FDD) and transmit one additional SSS (randomly selected from SSS1~SSS8 or selected by a planning rule, where eight SSSs are just shown as an example and more SSS location can be assigned in more subframes or in more PRBs other than the central 6 ones) in subframe X which is configurable. Small cells in OFF state also transmit a single port CRS in subframe X. For small cells in ON state, besides legacy PSS/SSS, additional SSS is also transmitted in subframe X.  If subframe X is not configured as MBSFN subframe in an ON cell, CRS in subframe X is transmitted as the same as in other subframes (i.e. the number of CRS port is the same), which could cause some CRS interference to the OFF cells. Alternatively, an ON cell can configure subframe X as MBSFN subframe and single port CRS can be transmitted in the MBSFN region in order to avoid the interference to the OFF state cells. Note that the UE doesn’t need to know the real number of CRS ports since only port 0 is used by the UE for RSRP measurement. With this approach, the discovery signal (including new SSS and single port CRS) can be transmitted in the same set of subframes in the ON and OFF cells so that the UE detection window for cell discovery and measurement is limited in these subframes.
To support the above mentioned PDSCH muting, it is possible by implementation for an ON cell to avoid PDSCH scheduling in the PRBs that is used to transmit DRS burst, e.g. in the central 6PRBs so that interference from the ON cells to the OFF cells is avoided. As DRS burst is transmitted less frequently, the overhead for PDSCH muting is not significant.
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Figure 2: An example of small cell discovery signal burst.
For dense small cell deployment scenario, more SSSs may be needed to provide sufficient resource reuse while for sparse small cell scenario, less SSSs will be needed. Thus the number of SSSs that is included in the DRS burst can be configured to the UE in order to reduce the UE processing in the small cell discovery.
3. Conclusion

In this contribution, we discuss the design of small cell discovery signals and we propose legacy PSS plus additional SSSs and CRS are used as the discovery signal in enhanced small cell discovery procedure. 
 Proposal 1: Alt. 3a (DRS is PSS/SSS/CRS)  is adopted as the Rel.12 discovery signal.

Proposal 2: Legacy PSS plus additional SSSs and CRS are used as the discovery signal in enhanced small cell discovery procedure.

Proposal 3: To support small cell on/off in shared cell ID small cells deployment, SRS can be used for transmission point identification and measurement, which does not require specification work.
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