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1 Introduction
In RAN1 #77 meeting, DRS based measurement and cell/TP identification was discussed for small cell enhancement, and some agreements were summarized in 3 LS [1][2][3] sent out by RAN1. In this contribution the small cell discovery is discussed, and in order to be better understandable the relevant agreements in RAN1 are duplicated from LSs as below,
Agreements from R1-142698 [1]

· 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
Agreements from R1-142733 [2]
· 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

Agreements from R1-142775 [3]:

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

· 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

Based on the agreement in these LSs, we analyze the requirements for SCE cell discovery and a timeline is proposed. The simulation assumption for evaluations is provided in another paper from Huawei in this meeting [4].
2 Scenarios for Small cell discovery
Based on the current information from RAN1, both TP identification and cell identification shall be considered depend on the specific small cell deployments. 
If the TPs share the same PCID (like CoMP scenario #4), CSI-RS shall be used for distinguishing different TPs and for TP identification. As mentioned in RAN1 LS, TP identification can be represented by CSI-RS RE configuration, Scrambling ID, Subframe offset, cover code or their combination. So for TPs with same PCID in small cell deployments, UE should be required to perform the PSS/SSS acquisition for PCID identification and then perform CSI-RS acquisition for TP identification.
Observation 1:

Scenario 1 (baseline): TPs share the same PCID.

Requirement for small cell discovery of scenario 1: PSS/SSS acquisition + CSI-RS acquisition

If TPs has different PCID from each other, each TP can be considered as an individual physical cell, and therefore TP identification can be regarded as cell identification. So for TPs with distinct PCID in small cell deployments, UE should be required to perform the PSS/SSS acquisition for TP identification.

Observation 2:

Scenario 2(optional): TPs have the distinct PCID.

Requirement for small cell discovery of scenario 2: PSS/SSS acquisition
3 Requirement for small cell discovery
· Intra-frequency small cell discovery
As analyzed in section 2, there are two possible scenarios for Small cell discovery, and in this section the requirements for both two scenarios are discussed. For scenario1, two parts of discovery are included: PSS/SSS acquisition and CSI-RS acquisition. The PSS/SSS is available in #0 and #5 in each radio frame for R8 cell identification requirement, but in the SCE case the occasion of DRS is defined as below,
· 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
If the periodicity of DRS occasion is larger than 40ms, it means PSS/SSS is not available in #0 and #5 in each radio frame any longer and the PSS/SSS samples UE can used in a given time are reduced. It may impact the existing cell identification requirement by using less frequent PSS/SSS samples than R8. So simulation evaluations are needed for PSS/SSS acquisition for SCE. The side condition for this PSS/SSS acquisition can reuse R8 for simplicity, and here we propose to use the SINR= -6dB. The detailed simulation assumption can be found in R4-71AH-0022 [4]. 
Different from the PSS/SSS acquisition, CSI-RS acquisition was not discussed before for TP identification. In RAN1 agreements, the configuration of CSI-RS was:

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

Based on the simulation evaluation, the TP identification can be derived from the CSI-RS acquisition by UE. The side condition of scenarios 1 is similar as CoMP scenario 4, which was discussed in the previous paper [5]. Hence, we propose to reuse CSI-RS SINR=-4dB as the side condition for CSI-RS acquisition. The detailed simulation assumption can be referred to [4]
For scenario 2, only PSS/SSS acquisition delay shall be evaluated as only cell identification is needed. 
· Inter-frequency small cell discovery
For inter-frequency Small cell discovery, gap is used for PSS/SSS acquisition and/or CSI-RS acquisition. In legacy R8 cell identify, gap length of 6ms is designed to cover a pair of PSS/SSS as the periodicity of PSS/SSS is 5ms. However, in SCE scenarios the periodicity of DRS occasion is longer than 40ms, and therefore it requires the serving cell to be aware of the occasion periodicity and timing of neighbor small cell to configure a proper gap for UE to perform PSS/SSS acquisition and/or CSI-RS acquisition. In agreement in [3], it mentioned that:
· No new measurement gap pattern is introduced for DRS-based measurement

So 6ms gap will be used for inter-frequency DRS discovery. A DRS occasion will last N consecutive subframes (N <= 5) within a periodicity of M ms (Candidate values for M are 40, 80, 160, FFS on other values). The R8 requirement of inter-frequency cell identification cannot be applied for this case anymore. To be a typical case, we assume that serving cell have the knowledge of DRS occasion of neighbor small cell, and serving sell is able to configure proper gap for UE to cover the DRS from neighbor small cell.
If the gap periodicity is 40ms, the each DRS sample can be received by UE since the occasion periodicity is times of 40ms. Similarly, if the gap periodicity is 80ms and the occasion periodicity is times of 80ms (e.g. 80ms, 160ms), the each DRS sample can also be received by UE. However if the gap periodicity is 80ms and the occasion periodicity is 40ms, that means only one DRS can be detected in two DRS occasions. Hence the inter-frequency requirements of DRS discovery may be different in different gap cases.
Based on the analysis above, proposals are:

Proposal 1: Two scenarios can be considered for small cell discovery: (1) TPs share same PCID (baseline), and (2) TPs have the distinct PCID (optional).

Proposal 2: The requirement for small cell discovery in scenario 1: PSS/SSS acquisition delay + CSI-RS acquisition delay.

Proposal 3: The requirement for small cell discovery in scenario 2: PSS/SSS acquisition delay.

Proposal 4: The inter-frequency requirements of small cell discovery will be differentiated depending on different gap length and DRS occasion periodicity.
4 Time line for Small cell discovery 
· RAN4 #71AH, June
1. Preliminary discussion on small cell discovery requirements

2. Align the simulation assumptions and make consensus

· RAN4 #72, Aug

1. Simulation evaluation and discussion

2. Draft small cell discovery requirement for TS36.133

· RAN4 #72bis, Oct

1. Approved CR of small cell discovery requirement for TS36.133.

5 Conclusion
In this contribution, we analyze the requirements for SCE cell discovery and a timeline is proposed.
Proposal 1: Two scenarios can be considered for small cell discovery: (1) TPs share same PCID (baseline), and (2) TPs have the distinct PCID (optional).
Proposal 2: The requirement for small cell discovery in scenario 1: PSS/SSS acquisition delay + CSI-RS acquisition delay.

Proposal 3: The requirement for small cell discovery in scenario 2: PSS/SSS acquisition delay.

Proposal 4: The inter-frequency requirements of small cell discovery will be differentiated depending on different gap length and DRS occasion periodicity.
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