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1
Introduction
Small cell physical layer enhancements Study Item was concluded after the decisions in 3GPP RAN WG1 meeting #75 and the RAN#62. One of the topics discussed intensively is the small cell on/off operation: the basic idea is to facilitate on/off switching of the small cells to e.g. reduce network energy consumption as well as interference during the times when the network load is low. Following the study item outcome, the work item Small Cell Enhancements – Physical Layer Aspects [1] was agreed in RAN#62. As one part of the work, following aspects related to small cell on/off should be specified:

· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions
· Discovery procedure/signal(s) are needed
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.

One of the remaining open issues relates to RRM measurement procedures and particularly assistance information and measurement gap configuration. The following has been agreed in RAN1#77 and the subsequent email discussion and captured in an LS to RAN2 in R1-142775:
Agreements (regarding DRS-based RRM measurement):

· 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

Agreement (regarding measurement gap for DRS-based measurement):

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

Agreements (regarding discovery signals):

· 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 various aspects related to the above agreements.
2
Assistance information
Assistance information necessary for the UE to perform DRS based RRM measurements relates obviously very closely to the structure of the DRS itself, as well as the DMTC. The Assistance information could be divided into a few groups.
DRS Occasion related assistance information

In order to be able to perform DRS based measurements, the UE will obviously first need to what the DRS exactly comprises, i.e. how PSS/SSS/CRS/CSI-RS are mapped into REs in the DRS occasion. The configuration of each signal can in principle be fixed (specified in the standards) or configurable via e.g. RRC signalling. In the following we discuss each signal separately.

· PSS/SSS: We see that the position of PSS and SSS within the DRS occasion should be fixed, and therefore no signalling is required [2]. As for the PSS/SSS sequence, or PCI, similarly as today with the RRM measurement reporting events, the UE detects the PCI autonomously but may be provided with parameters associated to a given PCI, and hence it should be possible for the network to provide the UE with information about the necessary PCIs.   

· CRS: As discussed in [2], we propose that DRS occasion includes only CRS antenna port 0, and CRS are transmitted always in 5 subframes (FDD), or the two subframes carrying PSS and SSS (TDD). Therefore no CRS related assistance information is needed.
· CSI-RS: The proposal in [2] is to signal the CSI-RS configuration fully explicitly. This means that at least the following properties need to be signalled to the UE: number of CSI-RS antenna ports (1, 2, 4, or 8), CSI-RS RE configuration, CSI-RS subframe offset (i.e. position within DRS Occasion), VCID. 

· Additional / common parameters: Given that larger measurement bandwidth has been shown to clearly improve measurement accuracy with both CRS and CSI-RS, we propose to include the DRS bandwidth into the assistance information (either as a part of DRS Occasion configuration, or as part of DMTC). Regarding the duration of DRS Occasion, we see that fixing it to N=5 is sufficient, and hence no signalling is required.  
In our view, DMTC shall convey all timing information regarding when the UE may expect a DRS occasion to be transmitted, and hence there is no need to explicitly signal e.g. the periodicity or subframe offset of any DRS occasion.

Proposal 1: UEs can be informed about the following DRS Occasion related information:   

· PCI to facilitate offset based RRM measurement reporting events similarly as in Rel-11

· CSI-RS configuration including RE configuration, subframe offset, number of antenna ports, and VCID

· DRS bandwidth for both CRS and CSI-RS

DMTC related assistance information
The purpose of DMTC, as the name also implies, is to tell the UE when it may assume DRS occasion to be transmitted so that the UE can perform the DRS based cell discovery and the measurements efficiently. Information necessary to be signalled is as follows:

· DMTC periodicity: This parameter indicates the time intervals between subsequent DRS occasion transmissions. At least multiples of 40 ms should be considered but e.g. values of 30 or 50 ms could also be considered.
· DMTC subframe offset: This parameter indicates the subframe offset within the DMTC period, with value range being 0, 1, ... max(DMTC periodicity).

In our view, since the duration of the DRS occasion should be fixed, there is no need to signal the duration of the “DMTC instance” either. The measurement gap definition gives anyway the UE the necessary information for performing the case of inter-frequency measurement when the gaps coincide with the DMTC. Further details of DMTC and measurement gap configurations are discussed in [3].
Proposal 2: UEs can be informed about the following DMTC related information:   

· DMTC periodicity

· DMTC subframe offset

3
Conclusion
In this contribution we have discussed assistance information for small cell on/off and related discovery operation. Our proposals for parameters to be signalled as follows: 
Proposal 1: UEs can be informed about the following DRS Occasion related information:   

· PCI to facilitate offset based RRM measurement reporting events similarly as in Rel-11

· CSI-RS configuration including RE configuration, subframe offset, number of antenna ports, and VCID

· DRS bandwidth for both CRS and CSI-RS
Proposal 2: UEs can be informed about the following DMTC related information:   

· DMTC periodicity

· DMTC subframe offset
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