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1. Introduction

In RAN1#77, the following was agreed.
· 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
The DRS measurement was agreed based on the DRS signals only as follows,
· For the purpose of DRS based measurements, the UE shall only assume the presence of signals of the DRS
· For both intra- and inter- frequency measurement, if a UE is configured with only DRS-based measurements reporting on a given carrier frequency, and UE is not configured with an activated serving cell on that carrier frequency, the UE shall (should) not assume the presence of any signal and channel except for DRS in the DMTC (DRS measurement timing configuration) duration

The scrambling ID of DRS was agreed in RAN1#77 as follows, 
· For DRS,

· Scrambling ID of PSS/SSS/CRS is PCID

· Scrambling ID of CSI-RS may be different from PCID

· TP identification may be represented by e.g., CSI-RS RE configuration, Scrambling ID, Subframe offset, cover code or their combination

· FFS on details

The UE assumptions on DRS-based measurement were agreed in the following,
· DRS can only be transmitted on a DL subframe or DwPTS region of subframes

· For DRS-based measurement, a UE assumes that 
· A DRS occasion for a cell consists of

· One instance of PSS/SSS per Rel-8
· CRS is transmitted at least in the same subframe(s) as PSS/SSS
· A DRS occasion can comprise multiple CSI-RS RE configurations

· The different CSI-RS configurations may be in the same or different subframe(s)

· The different CSI-RS configurations may be scrambled independently

· Relative subframe offset between SSS and one CSI-RS RE configuration
· FFS between variable or fixed within 5 msec relative to subframe of SSS
· A DRS occasion for a cell comprises N consecutive subframes (N <= 5)

· FFS on DRS transmission on MBSFN subframe, if so, how

· FFS between

· One or more subframes among N subframes may not carry any DRS signal (i.e., either CRS or CSI-RS)
· All DL subframes carry DRS signal

· A DRS occasion for a cell is transmitted every M ms

· Candidate values for M are 40, 80, 160, FFS on other values
· Note: RAN1 design does not assume any requirements of the number of detectable cells using DRS

This paper discusses the detail of DRS signal design and remaining FFS.   
2. Analysis of Discovery Signals Design 
It was agreed that the discovery signals for small cell ON/OFF can be assumed to comprise PSS/SSS/CRS, and additionally CSI-RS if configured by higher layers.  CRS-based DRS is scrambled by PCID. CSI-RS based DRS is scrambled by virtual cell ID, which may be different from PCID.  Since CSI-RS is scrambled by virtual cell ID in Rel-11, the TP identification based on CSI-RS based DRS should be represented by the virtual cell ID.  

Proposal 1:  Virtual Cell ID is used to identify the TP for CSI-RS based DRS TP identification.  

The DRS RSRP measurements are supported for both CRS-based and CSI-RS –based DRS.  
UE may report DRS-based RSRP/RSRQ and associated PCID and information for TP identification.  
The DRS-based measurement is in a DRS occasion.  A DRS occasion for a cell comprises N consecutive subframes (N <= 5).  The length of DRS occasion needs to allow a UE to measure DRS reliably for RRM purposes.  The density of DRS needs to be high enough in order to have enough DRS samples for linear averaging of the DRS RSRP/DRS RSRP measurements to remove fast fading effects.   The configuration of measurement gaps for inter-frequency/inter-RAT measurements in the RRM performance requirements in [3] has the measurement gap length of 6 ms with 5 ms for measurements and 1 ms for frequency tuning.   Thus, a DRS occasion should comprise 5 consecutive subframes for DRS based measurement.
Proposal 2: A DRS occasion should comprise 5 consecutive subframes for DRS based measurement.
The periodicity of DRS occasions depends on the performance requirements.  The current agreement is that candidate values for are 40, 80, 160, and FFS on other values. It was proposed in [4] to have 40 ms and 80 ms for CRS-based DRS measurements and 10 ms for CSI-RS based DRS measurements.  The final decision should be made in RAN4.  

Proposal 3: The periodicity of DRS occasions depends on the performance requirements. The proposal is to have 40 ms and 80 ms for CRS-based DRS measurements and 10 ms for CSI-RS based DRS measurements.  The final decision should be made in RAN4.  

It was agreed that the UE can assume the presence of  PSS/SSS/CRS in the DRS. It was also agreed that CRS is transmitted at least in the same subframe(s) as PSS/SSS. However, in order to get reliable short-term CRS-based DRS measurements in a DRS occasion as discussed in [4], the UE needs to be able to assume the presence of CRS in every subframe in a DRS occasion.   

Proposal 4: A UE shall assume the presence of CRS in every subframe for CRS-based DRS measurements in a DRS occasion to get reliable DRS measurements.   
For CSI-RS based DRS measurements, it is agreed that a DRS occasion can comprise multiple CSI-RS RE configurations. However, it is not clear how the UE shall interpret the relationship between the different CSI-RS RE configurations if multiple CSI-RS RE configurations are configured. If each CSI-RS RE configuration is transmitted from the APs of a different TP, then obviously the DRS measurements on the different CSI-RS configuration would be independent due to the channels being different in each CSI-RS configuration, and it would not be meaningful to average the measurements across the different CSI-RS configurations (since this would be equivalent to measuring the superposition of multiple independent channels).  On the other hand, if the multiple CSI-RS RE configurations are all transmitted from the same TP, the UE would need to know which REs corresponded to the same AP in order to be able to average the measurements appropriately. Therefore, if multiple CSI-RS RE configurations were to be configured in a DRS occasion, additional signalling would have to be provided to indicate the AP relationship between the different CSI-RS RE configurations. Owing to the complexity of introducing such signalling and the very limited time remaining to complete Rel-12, it is preferable to limit the number of  CSI-RS RE configuration in a DRS occasion to one in Rel-12. 

Proposal 5: Only one CSI-RS configuration is supported in a DRS occasion.  
3. Conclusions

In this contribution, we analyze the discovery signal design in order to support small cell ON/OFF with short transition time.   We propose the following,  
· Proposal 1:  Virtual Cell ID is used to identify the TP for CSI-RS based DRS TP identification.
· Proposal 2: A DRS occasion should comprise 5 consecutive subframes for DRS based measurement.
· Proposal 3: The periodicity of DRS occasions depends on the performance requirements. The proposal is to have 40 ms and 80 ms for CRS-based DRS measurements and 10 ms for CSI-RS based DRS measurements.  The final decision should be made in RAN4.

· Proposal 4: A UE shall assume the presence of CRS in every subframe for CRS-based DRS measurements in a DRS occasion to get reliable DRS measurements.   

· Proposal 5: Only one CSI-RS configuration is supported in a DRS occasion.  
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