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1 Introduction

In the previous RAN1 #77 meeting, the following were agreed for the design of discovery signal,

· UE assumes PSS/SSS/CRS in the DRS

· Additionally CSI-RS is assumed in the DRS for measurement if configured by higher layers

· CRS-based RSRP measurements are supported, and CSI-RS –based RSRP measurements are supported
· UE may report DRS-based RSRP/RSRQ and associated PCID and information for TP identification
· RRM measurement configuration and reporting details are up to RAN2
· Prepare draft LS to RAN2 within today – Hiroki (NTT DOCOMO) 
In the following email discussion [77-09], further agreements were achieved. In this contribution, the remaining details concerning the design of DRS are discussed.
2 Remaining details related to DRS signal
2.1 Remaining details concerning CRS as DRS
During the email discussion [77-09], the remaining issues concerning CRS as DRS are listed as below,

 A UE may assume that all DL subframes and DwPTS region of subframe in a DRS occasion are available at least for CRS as DRS based measurements

· FFS whether number of subframes in a DRS occasion is to be fixed or configurable

· FFS relation to restricted measurement subframe

–     FFS whether to indicate the number of CRS ports

2.1.1 Duration of a DRS occasion
According to the agreements reached in RAN1 #77 meeting, DRS consists of PSS/SSS, CRS and CSI-RS if configured, as shown in Figure 1. It was also agreed that,

· A DRS occasion for a cell comprises N consecutive subframes (N <= 5)

For small cell discovery and measurements, the definition of DRS based RSRQ (D-RSRQ) has not been decided yet. The key issue is DRS based RSSI (D-RSSI) overestimation considering small cell on/off and simultaneous DRS transmission from different small cells. Specifically, the D-RSSI captures the DRS power from OFF cells which underestimates the D-RSRQ, especially in the case of light load condition when a majority of small cells are OFF. 

As discussed in a companion contribution [1], the issue can be solved by measuring D-RSSI over all OFDM symbols in non-DRS subframes. As shown in Figure 1, for a UE performing inter-frequency RRM measurements, only subframes within the gap configured can be measured. To allow a UE to take measurements over non-DRS subframes, it is preferred that the duration of a DRS occasion can be configured to be less than 5 ms. Therefore it is proposed that,
Proposal 1: Duration of a DRS occasion can be configured to be less than 5 ms.
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Figure 1 Proposed structure of DRS

2.1.2 Measurement subframe restriction

In current RRM measurement procedure, a measurement subframe subset can be configured for each target carrier. This is mainly to support RRM measurements in eICIC scenarios. 
ABS may still be used for small cell deployments. For example, macro eNB and small cells may be deployed on the same frequency and macro eNB can use ABS to reduce the interference toward small cells. However, for DRS based measurement, only a limited number of DRS subframes can be used for measurement during a potentially long period. Further restriction will degrade the performance of DRS based measurement and is thus undesirable. 

Proposal 2: Further limitation from restricted RRM measurements on DRS is not supported.
2.1.3 Antenna port of CRS as DRS
One remaining issue is how many CRS antenna ports are assumed for DRS transmission. CRS in DRS is mainly used for RRM measurements. With current specifications, RSRP measurements are performed on CRS antenna port 0 while additional usage of antenna port 1 can be configured or independently determined by a UE. Therefore, it seems unnecessary to include more than two CRS antenna ports in DRS. 

As multiple small cells are expected to transmit DRS during the same set of subframes, it is essential to maintain the interference low. Transmitting CRS with two antenna ports may increase the collision rate, and thus increase the interference level. To alleviate the interference in DRS subframes, we propose that,

Proposal 3: CRS in the DRS is transmitted over one antenna port (AP0).
Regarding defining relationships between the antenna ports of the discovery signal and the existing reference signals and synchronization signals [2], some related investigations were already reported for the Reduced CRS of the NCT [3]. In this context, if the CRS in the DRS and the PSS/SSS would utilize the same antenna port, the PSS/SSS could provide channel estimates for the CRS. It was shown [3] that the cell identification probability is significantly increased by coherent CRS detection and utilizing channel estimates from the PSS/SSS may also improve RSRP measurements from the CRS in the DRS. Furthermore, if the PSS/SSS antenna port were used, TxD could be enabled (standard transparent just as for PSS/SSS) for the CRS in the DRS. 
2.2 Remaining details concerning CSI-RS as DRS
During the email discussion [77-09], the following were agreed for CSI-RS as DRS.
· If, in addition, CSI-RS is configured as DRS

–      For CSI-RS as DRS, at least single antenna port 15 with 2 REs per PRB of CSI-RS RE configuration is supported for CSI-RS based RSRP

· FFS whether to indicate the number of CSI-RS ports

· FFS on supporting other antenna port(s) and/or more REs/PRB

–      In a DRS occasion, the relative subframe offset between SSS and one CSI-RS RE configuration (or equivalence) can be different for different CSI-RS RE configurations

–      For each CSI-RS RE configuration in a DRS occasion, a UE can assume that the corresponding CSI-RS is transmitted in one subframe

•       FFS on whether to allow more than one subframe

–     Continue discussion on UE data rate matching on CSI-RS as DRS in RAN1#78
2.2.1 Resource configuration for CSI-RS as DRS
Each antenna port of CSI-RS contains only two REs within one PRB pair. The density is lower than that of CRS, and on the other hand CSI-RS may benefit from higher operational SINR due to the ICIC. In RAN1 #77 meeting, it was observed that,

· 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

RAN4 agreed to further evaluate the performance of CSI-RS during the ADHOC meeting [4]. More specifically, evaluations concerning the impacts of the number of CSI-RS REs will be performed. Therefore the exact CSI-RS patterns used for DRS may be decided according to the evaluation results.

As observed in the previous meeting, CSI-RS show better performance in dense small cell deployments as higher SINR can be achieved from interference coordination. Besides ICIC obtained from ZP-CSI-RS, using AP 16 can further reduce the interference. The OCC used for AP 15 and AP16 can be directly reused.
Proposal 4: CSI-RS in the DRS can be transmitted from either AP15 or AP16.
2.2.2 Rate matching corresponding to CSI-RS as DRS

The main benefit of CSI-RS as DRS is the ICIC capability brought by muting. To also alleviate the impacts on PDSCH transmissions, it is preferred that rate matching around CSI-RS as DRS can be performed. Similar to current mechanisms, this can be achieved by configuring zero-power CSI-RS for UEs in the cell. 
Currently, for a UE operated in TM10, up to four sets of ZP-CSI-RS resource CSI-RS-ConfigZP-r11 can be configured. Each of them indicates ZP-CSI-RS within a configured subframe. CSI-RS-ConfigZP-r11 includes a ZP-CSI-RS resource configuration list. For FDD system with normal CP length, the configuration list can indicate ten CSI-RS resources, each with the size equal to the CSI-RS resource corresponding to four AP, i.e. 40 REs.
For TM10, up to four sets of “PDSCH resource mapping parameters” can be configured by higher layer. Each set includes one CSI-RS-ConfigZP-r11. If PDSCH transmission is scheduled by DCI format 2D, then the 2-bit QCL indicator field in DCI is used to dynamically select one set of the parameters for PDSCH rate matching. If PDSCH transmission is scheduled by DCI format 1A, then one of the four sets of parameters is used for PDSCH rate matching. If PDSCH transmission is based on antenna port 0 – 3, then the UE determines the PDSCH RE mapping using the lowest indexed zero-power CSI-RS resource. If PDSCH transmission is based on antenna port 7, then the UE determines the PDSCH RE mapping according to parameter set 1 of the configured parameter sets. 

For a UE operated in TM 1-9, the UE can be configured with one ZP-CSI-RS resource configuration respectively. The ZP-CSI-RS resource configuration also includes a resource configuration list similar to CSI-RS-ConfigNZP-r11. UE should assume PDSCH RE mapping avoids the REs corresponding to ZP-CSI-RS.
It can be seen that the PDSCH RE mapping can be decided either dynamically, i.e. by DCI format 2D, or semi-statically, i.e. DCI format 1A or TM 1-9. Supporting dynamic RE mapping is mainly motivated by the dynamic point selection operation in CoMP. For CSI-RS as DRS, the transmission is expected to be semi-static, therefore it seem no necessity to support dynamic selection for PDSCH RE mapping.
For a small cell/TP, CSI-RS as DRS is considered to be transmitted either on AP15 or AP16, i.e. 2 REs. ZP-CSI-RS resource configuration list in each configured CSI-RS-ConfigZP-r11 can indicate the muting pattern over up to 40 REs in case of FDD and normal CP length, which can be useful in dense deployments. CSI-RS as DRS may be transmitted on consecutive subframes of a DRS occasion. However, one CSI-RS-ConfigZP-r11 can only cover one subframe periodically with a minimum period of 5 ms. It may be insufficient to cover all subframes in a DRS occasion with the current maximum number of allowed configurations, if the duration of a DRS occasion can be five consecutive subframes. Considering that CSI-RS-ConfigZP may also be needed for regular CSI-RS, it would be beneficial to extend the maximum number of  configurable CSI-RS-ConfigZP to five or beyond.
Proposal 5: PDSCH RE mapping for DRS is performed according to non zero power CSI-RS and zero power CSI-RS semi-static configurations. If the duration of a DRS occasion can be five consecutive subframes, then at least five sets of CSI-RS-ConfigZP can be configured for a UE.
3 Conclusions
In this contribution, we discuss the remaining issues for the design of discovery RS. The following proposals are made,

Proposal 1: Duration of a DRS occasion can be configured to be less than 5 ms.

Proposal 2: Further limitation from restricted RRM measurements on DRS is not supported.
Proposal 3: CRS in the DRS is transmitted over one antenna port (AP0).
Proposal 4: CSI-RS in the DRS can be transmitted from either AP15 or AP16.
Proposal 5: PDSCH RE mapping for DRS is performed according to non zero power CSI-RS and zero power CSI-RS semi-static configurations. If the duration of a DRS occasion can be five consecutive subframes, then at least five sets of CSI-RS-ConfigZP can be configured for a UE.
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