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1 Introduction

The work item “Small cell enhancements-physical layer aspects-core part” was approved in RP#62 [1]. One of the objectives of the work item is “efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells”
In R4-144015, some agreements on small cell discovery signal were listed [2]
· 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
Furthermore, according to LS R4-144060, the following agreements were achieved by RAN1 
· 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.
· 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

· 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.
Also after email discussions the following agreements were reached in LS R1-142775 [4]:
· A UE can be configured with one DRS measurement timing configuration (DMTC) per frequency

· The reference timing for the offset is the primary serving cell’s timing

· No new measurement gap pattern is introduced for DRS-based measurement

· For subframes (DL subframes and DwPTS region of subframe) within a DRS occasion indicated for possible DRS-based measurements, a UE can assume that at least CRS antenna port 0 for a cell is transmitted

–     When UE is indicated with MBSFN subframe configuration or MBSFN related configuration, UE assumption of CRS transmission on MBSFN subframe is per Rel-8

· FFS whether there is a need to enhance signaling

–     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

· 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

· Requirements on measurement bandwidth, periodicity, and duration of a DRS occasion should be discussed in RAN4

In this contribution we discuss RRM requirements for small cell on/off and discovery signal based on PSS/SSS and CRS.
2 Discussion
The following requirements on RRM measurements and cell identification will have to use DRS: 

· RSRP related requirements

· RSRQ related requirements

· Cell identification requirements

· UE autonomous transmit timing adjustment

· SCell activation/deactivation requirements
In the following we discuss accuracy of these measurements based on the discovery signal.

2.1 DRS measurements based on CRS

A UE has to perform RSRP and RSRQ measurements based on DRS. RRM measurement configuration and reporting details are up to RAN2 but RAN4 has to specify requirements on measurement bandwidth, periodicity, and duration of a DRS occasion. When measurements on DRS are based on CRS signals the definitions of RSRP and RSRQ are the same as the legacy RSRP and RSRQ, although the measurement bandwidth and measurement period might be different.
Based on the current agreements in RAN1, a UE assumes PSS/SSS and CRS in DRS. Also it has been agreed that DRS consists of one instance of PSS/SSS per Rel-8, and CRS is transmitted at least in the same subframe(s) as PSS/SSS. Furthermore a DRS occasion for a cell comprises N consecutive subframes (N <= 5), and a DRS occasion for a cell is transmitted every 40, 80,160 or [FFS] ms. It is FFS whether all N consecutive subframes carry DRS or only some of them carry DRS signal. 
Figure 1 illustrates an example of discovery bursts where a burst consists of 3 subframes and with a periodicity of 40ms.   
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Figure 1 Structure of discovery bursts
One question that RAN4 needs to answer is whether the accuracy of CRS-based DRS measurement is comparable to measurement based on legacy CRS. To answer this question RAN4 needs to set up simulations to compare the accuracy of the two schemes. Different variations may need to be considered in order to have comparable accuracies in the measurements. For example due to less frequent CRS transmission in the DRS framework, it might be needed to increase the bandwidth of CRS. 

· Observation 1: Link level simulations are needed in order to compare accuracy of DRS-based CRS with the accuracy of legacy CRS for RSRP/RSRQ measurements.
More specifically the simulation should address the measurement accuracy of CRS with

· Measurement periodicity = 40ms, 80ms, 160ms

· Measurement bandwidth = 6PRB, 25PRB
· Duration of discovery burst <= 5 ms
2.2 Cell identification
RAN1 has agreed on small cell on/off in CA mode, where the on/off is performed only on the SCell. The requirements are specified in terms of maximum allowed cell identification delay which includes the time required to detect a cell and the time used for performing measurements on that cell. PSS/SSS is used for cell detection and measurements are done based on CRS. Due to reduced periodicity of PSS/SSS, and CRS it is expected that the maximum cell identification delay requirements should change accordingly. 
· Observation 2: RAN4 should specify requirements for cell identification for small cell on/off scheme
2.3 UE transmit timing adjustment

The UE transmit timing requirements are defined in TS 36.133. According to these requirements the UE is required to follow the change in the frame timing of the serving cell. The UE needs to maintain the initial transmission timing error within the specified limit with respect to the change in the downlink timing. The UE uses the RS port for following the downlink frame timing. There are two sets of requirements:

· UE initial transmit timing error limit requirements

· UE maximum autonomous adjustment step (applicable only in non-DRX).

According to 36.133, when a UE is configured with both a pTAG and an sTAG, the UE shall use the activated SCell from the sTAG for deriving the UE transmit timing for cell in the sTAG. 
Since small cell on/off is only considered for SCell and the DRS are not transmitted continuously in the off state, therefore the UE initial transmit timing accuracy is also likely to be impacted by this scheme. It is proposed that RAN4 should study the impact of small cell on/off and discovery signal on the UE initial transmit timing accuracy especially when the cell is operates in the off state.
· Observation 3: RAN4 should study the impact of on/off scheme on the UE transmit timing

2.4 SCell activation and deactivation requirements

The SCell activation and deactivation requirements are defined in section 7.7 of TS 36.133, Rel-10. The requirements are derived assuming that the PSS/SSS and CRS are transmitted according to release 8 specifications. RAN4 needs to analyze the impact of discovery bursts with different periodicity on the SCell activation and deactivation time. For example the SCell activation time may have to be extended if the UE is commanded to activate an SCell which is in off state.  

· Observation 4: RAN4 should study the impact of on/off scheme on the SCell activation/deactivation time
3 Conclusions
In this contribution we provided a preliminary analysis of the RRM requirements for small cell on/off and discovery signal and proposed the following
· Observation 1: Link level simulations are needed in order to compare accuracy of DRS-based CRS with the accuracy of legacy CRS for RSRP/RSRQ measurements. RAN4 must study the measurement accuracy with different measurement periodicities, measurement bandwidths and duration of discovery bursts.
· Observation 2: RAN4 should specify requirements for cell identification based on discovery signal
· Observation 3: RAN4 should study the impact of on/off scheme on the UE transmit timing

· Observation 4: RAN4 should study the impact of on/off scheme on the SCell activation/deactivation time.
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