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1 Introduction
In RAN1#76 the following points were agreed in relation to Small Cell On/Off:

· No new idle mode UE behavior in Rel-12 small cell enh. WI

· For intra-/inter-freq. RRM measurement, at least DRS-based RSRP measurements are supported
· For RRM measurements, support DRS-based RSRQ-like measurements

· In the enhanced cell discovery procedure, UE can assume multiple signals are transmitted

· UE can assume transmission of PSS (identical to the Rel-8 waveform) at least for coarse time synchronization

· In addition to purposes given by the WID, cell multiplexing capability, UE power efficiency, and impact to legacy UE’s measurement can be considered when discussing candidate solutions
· Rel-12 discovery procedure is configured only for RRC_CONNECTED UEs
· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure
· It does not mean that DRS-based measurement reporting based on autonomous UE detection is precluded 

· Accuracy of timing considered for network assistance will be defined by RAN4
· FFS: What is timing information associated with discovery measurement
· FFS: Other information provided
· Followings can be considered as candidate signals for each purpose

· For coarse time synchronization:

· Candidate signals are PSS, PSS/SSS, PRS

· For coarse frequency synchronization:

· Candidate signals are PSS, PSS/SSS, CRS, CSI-RS, PRS

· For cell/transmission point identification:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For RSRP measurement:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For received signal quality (RSRQ) measurement:

· FFS: Whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals
· For any of above purposes, Tx-side enhancement, e.g.,  muting and utilizing multiple instances, and/or Rx-side enhancement, e.g., interference cancellation, can be considered

· UE can utilize a combination of discovery signals for any of above purposes
· In addition to evaluation assumptions in SI, following evaluation assumptions can be considered to down select candidate signals

· Propagation delay between a cell and UE should be considered in the evaluations

· At least top (3) small cell within Y dB RSRP gap should be detectable
· Values of Y will be given in the evaluations
· Initial time/frequency offsets  are assumed within +/- 2.5 ms and within +/- X ppm

· Value of X will be given in the evaluations
· For cell identification

· The signal should be able to achieve over 90% detection probability for all detectable small cells

· For RRM measurement
· The signal should be able to achieve comparable RSRP measurement performance to legacy CRS-based RSRP for all detectable small cells
This document discusses some of the remaining open points and makes some proposals.
2 Discussion
In this discussion we focus on the case where the timing of the “off” cell is not known to better than +/- 2.5ms. This is consistent with the evaluation assumptions, where the time offset between the current serving cell and the “off” cell can be anywhere within +/- 2.5ms. 
2.1 Cell Identification

Candidates for cell identification (i.e. determination of Cell ID), based on DRS, could include:-

· PSS+SSS
· PSS+CRS

· Note that CRS transmission also depends on slot number
· PSS+CSI-RS

· Note that CSI-RS transmission also depends on slot number and CSI-RS configuration
· PSS+PRS

· Note that PRS transmission also depends on slot number

For each PSS detected there would be 168 candidates for the cell identity group, and potentially also additional candidates corresponding to slot number and configuration (at least for CSI-RS). 

In general the above also depend on the CP length, but in this discussion we assume that the CP length is known to the UE in advance for the candidate “off” cells. 
Existing cell search implementations could be used to receive PSS+SSS, and any legacy cell searching could also look for “off” cells at the same time. For the other options coarse timing would be obtained using PSS, and a corresponding additional signal (CRS/CSI-RS/PRS) would be analysed to determine Cell ID. To avoid excessive UE implementation complexity, it would be desirable to limit the number of candidates considered. This could be done by limiting it the maximum number of cell identity groups for which the UE is expected to search to significantly less than 168. 
Given the relative simplicity of cell identification based on PSS and SSS, and the fact that this kind of approach is also broadly supported by a number of other companies (e.g. in [1-7]) we propose this as a baseline (i.e. any alternative scheme should show significant additional benefits).

Proposal 1: As a baseline, DRS includes PSS and SSS. If cell identification is not based on SSS there is a ceiling on the number of cell identity groups for which the UE is expected to search
One implication of this proposal is that, at least if DRS does not include SSS, the assistance information provided to the UE should certainly include a set of cell identity groups. 

Also to minimise impact on UE complexity, in the case of cell identification based on PSS+CSI-RS the assistance information would also need to include a CSI-RS configuration for each cell identity group.  

2.2 RRM Measurements based on Measurement Gaps

As suggested in [2], and in discussion during RAN1#76, the “timing information” provided to the UE could be in the form of configuration of a measurement gap in which the DRS for a small cell may be located. Currently measurement gaps for RRM are defined to have a duration of 6 subframes, and may be configured to start in any subframe, with periodicity of 40ms or 80ms. At least for some UEs it would be advantageous to align existing RRM measurement timing with discovery of “off” cells. It could further be investigated whether more than one measurement gap configuration is required, for example for better support of multiple frequencies, and whether shorter periodicities of measurement gap might be beneficial. 

Since different UE behaviour is intended for “off” cells compared with “on” or legacy cells, unless DRS for “off” cells can be clearly distinguished from other signals, the assistance information should also include cell IDs of potential “off” cells. In addition, as pointed out above, this information is also likely to help reduce the complexity of cell identification.
Proposal 2: Assistance information provided to the UE should include cell IDs of potentially “off” cells 
As a basis for further analysis we make the following assumptions:

· The PSS part of the DRS for a cell which is “off” may be located in any subframe within the measurement gap, with a subframe timing not necessarily aligned with any existing serving cell for the UE 

· The PSS part of DRS may be transmitted in subframes 0 and 5 (FDD) or 1 and 6 TDD)

· The SSS part of DRS (if present) may be transmitted in subframes 0 and 5
· Any additional parts of the DRS are  located in the same subframe as PSS/SSS (i.e. a measurement gap can always be configured such that it contains the whole of the DRS). 

· Significantly reduced density of DRS is required compared with Rel 8 CRS in order to minimise interference. Therefore solutions with smaller DRS density are preferred.
Under the above assumptions, at least the following options are available for DRS, in addition to PSS/SSS:-
· Nothing (i.e. DRS is only PSS/SSS

· RRM measurements would need to be defined based on PSS/SSS 

· Modified CRS

· The main modifications which could be considered (with respect to Rel-8, or an “on” cell)  would be:

· Restriction of the subframes containing CRS (e.g. same subframe as PSS/SSS)

· Restriction of the bandwidth (e.g. to 5MHz, or less if the system bandwidth is smaller)

· Restriction of the number of antenna ports (e.g. port 0 only)

· Note that some of the above restrictions may only be necessary from a UE perspective
· Existing RRM measurements (i.e. RSRP and RSRQ) could be used. However, there might be some impact on UE implementation to handle CRS being present in only some subframes. It may be possible to improve RSRQ by improving the interference part (i.e. RSSI).
· CSI-RS

· Existing configurations of CSI-RS may be sufficient. However a different configuration may be applicable if the cell is turned “on

· RRM measurements using CSI-RS would need to be defined”. 
· For RRM measurements, similarly to CRS, some restrictions on subframes, bandwidth or number of antenna ports may be necessary or desirable for “off” cells.
· CSI-RS as part of the DRS would enable CSI reports to be made for an “off” cell

· PRS

· Existing configurations of PRS would need to be extended to include shorter periodicities (e.g. 40ms and 80ms)

· RRM measurements using PRS would need to be defined

· CRS + CSI-RS

· This would allow both RRM measurements and CSI reports 

For all the above cases it would need to be considered whether the DRS configured for an “off” cells would also be present if the cell is turned “on”.
2.3 RRM Measurements based on configured subframes

A more general alternative to using a measurement gap configuration as “assistance information" to define the timing of DRS in an “off” cell would be to provide a more generic subframe based configuration, such as already defined for CSI-RS or PRS. However, it would also be necessary to specify a range of possible timing offset values with respect to the current cell.
2.4 Proposed Baseline for Cell Identification and RRM Measurements
Currently RRM measurements are only defined for CRS, so new RRM measurements would need to be defined and evaluated if a different signal (i.e. PSS/SSS, CSI-RS or PRS) is to be used for RRM measurements for “off” cells. On the other hand, detection, identification and RRM measurements for “off“ cells can be supported with low DRS density based on PSS/SSS/CRS within a configured measurement gap. Minimal changes to RRM measurement specifications would be needed.
We note that the current RRM measurement requirements can be satisfied using measurements restricted to measurement gaps. Therefore it is only necessary to transmit DRS within measurement gaps configured to the relevant UEs, and not otherwise. 
Therefore we make the following proposal as a baseline (i.e. any alternative scheme should show significant additional benefits):
Proposal 3: The following is taken as a baseline for DRS to support RRM measurements for an “off” cell:

· DRS consists of PSS+SSS+CRS
· Timing assistance information provided to the UE is in the form of a measurement gap configuration 
· DRS is designed so that the different parts can fit within one measurement gapThe UE may assume that the PSS part of DRS is transmitted in subframes 0 and 5 for FDD (1 and 6 for TDD) falling with a configured measurement gap 

· The UE may assume that the SSS part of DRS is transmitted in subframes 0 and 5 falling with a configured measurement gap 

· The UE may assume that CRS is transmitted for the cell as follows:

· At least in any subframe containing PSS for the cell, falling within a configured measurement gap

· On antenna port 0

· Over a measurement bandwidth configured for the cell (not necessarily the same as the system bandwidth)

Some UEs, with sufficient capability, may not require data flow to be interrupted during measurement gaps in order to make sufficient RRM measurements. For such UEs the same assistance information could be provided, but no interruptions in data flow would be applied by the eNB scheduler.
3 Conclusions
Based on the discussion above the following proposals are made, at least for the case where the timing accuracy of the “off” cell is +/- 2.5ms:
Proposal 1: As a baseline, DRS includes PSS and SSS. If cell identification is not based on SSS there is a ceiling on the number of cell identity groups for which the UE is expected to search
Proposal 2: Assistance information provided to the UE should include cell IDs of potentially “off” cells 

Proposal 3: The following is taken as a baseline for DRS to support RRM measurements for an “off” cell:

· DRS consists of PSS+SSS+CRS

· Timing assistance information provided to the UE is in the form of a measurement gap configuration 
· DRS is designed so that the different parts can fit within one measurement gap
· The UE may assume that the PSS part of DRS is transmitted in subframes 0 and 5 for FDD (1 and 6 for TDD) falling with a configured measurement gap 

· The UE may assume that the SSS part of DRS is transmitted in subframes 0 and 5 falling with a configured measurement gap 

· The UE may assume that CRS is transmitted for the cell as follows:

· At least in any subframe containing PSS for the cell, falling within a configured measurement gap

· On antenna port 0

· Over a measurement bandwidth configured for the cell (not necessarily the same as the system bandwidth)

The possible benefits of additional signals to those in proposal 3, such as additional CRS or CSI-RS, could be further studied.
It could also be further studied whether additional optimisations are worthwhile for the case where the timing of the “off” cell is known accurately.
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