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1 Introduction

Inter-frequency small cell detection has been discussed in RAN2 under Rel-11 SI: Hetnet mobility enhancements. Small cell discovery issues related to RAN1 were also raised in last RAN1 meeting RAN1#72. In this contribution, we would like to discuss following points:
- the procedure of small cell discovery including RAN2 aspects
- possible physical signal for small cell discovery
2 Small cell discovery procedure
At RAN2#77bis [1], following use case and criteria have been agreed:
Use case:

For inter-frequency small cell detection, the study should focus on the following use case where the UE does inter-frequency small cell measurements for a carrier that is expected to have non-uniform coverage (e.g. hotspot deployment) for offloading/load balancing purposes.

Goal:

The goal is to optimize the data offloading potential (e.g. maximize the amount of data that is transmitted in pico cells rather than in macro cells; maximize the time a UE stays out of the macro cell, …) with the following criteria:
Criterion 1:
UE power consumption for inter-frequency small cell measurements in Hetnet deployments should be minimised.

Criterion 2:
Any interruptions on the serving cell(s) due to inter-frequency small cell measurements should be minimised.

Criterion 3:
Inter-frequency mobility performance should not be degraded by measuring inter-frequency small cells.

Criterion 4:
Mobility performance of legacy UEs should not be degraded to improve inter-frequency small cell detection by Rel-11 UEs.
Several solutions have been proposed in RAN2. We think following points need to be discussed.

Whether small cell detection is within macro frequency or within small cell frequency
In case of within macro frequency, no measurement gap is required. Therefore, interruption of the serving cell can be minimized. On the other hand, to have some information on macro frequency could interfere with macro frequency operation or reduce the efficiency on macro frequency.  
In case of within small cell frequency, measurement gap is required. Within measurement gap, UE may not be able to receive macro frequency. Therefore, to reduce the measurement gap length (MeasurementGap Length: MGL) and/or to increase the periods between measurement gaps (Measugmente Gap Repetition Period: MGRP) are required. Table 1 is currently defined gap pattern as described in TS36.133 section 8.1.2.1.
In general, if more frequencies are supported by UEs or more frequencies are target of small cell frequencies, the amount of the measurement gap increases linearly according to the number of the frequencies. Therefore, we think the detection within macro frequency is a useful mechanism in long term. On the other hand, whether such function is supported in Rel.12 needs further discussion. 
Table 1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


Observation:

· Small cell detection within macro frequency is useful in long term, but whether such function should be supported in Rel.12 needs further discussion. 
Whether one step detection or two step detection is defined

In case of one step detection, the accurate identification of the small cell including cell ID is detected on macro frequency or small cell frequency from the beginning.

In case of two step detection, only rough identification of the existence of the small cell is detected on macro frequency or small cell frequency in the first step. Then second step is accurate identification of the small cell including cell ID.
The two step detection can minimize the amount of the information/signalling in the first step. On the other hand, additional time is required in order to know accurate detection.
In one step detection, no additional procedure is needed. The time to detect small cell would be shorter compared with two step detection.
Whether new discovery signal is introduced or not
Current cell detection is based on PSS/SSS/CRS. However, it has following disadvantages in small cell scenarios:

· In case macro cell and small cells are synchronized, overlapping of multiple PSS/SSS could happen. If larger number of PSS/SSS overlaps with each other, it could have the issue of detection as only 3 sequences are defined for PSS. Coherent detection performance of PSS/SSS is degraded in such case. Therefore, legacy PSS/SSS/CRS based operation could have issue if multiple PSS overlap with each other. 
· The cell ID based on PSS/SSS/CRS is restricted to up to 504. Then if large number of small cells are deployed within macro coverage, physical cell ID confusion could happen. When detected cell ID is reported from UE, the network cannot distinguish uniquely which cell is detected by UE if multiple cells with the same physical cell ID are possible detectable cells.  Then network would have the issue on the decision of the target handover cell.
· The lowest geometry that PSS/SSS can reach is around -4dB or -6dB. If flexible cell range (FCR) as we proposed in [4] is applied, it can happen that the best geometry cell is not the serving cell in order to improve the throughput or to reduce the network power consumption. In this case, deep penetration of the discovery signal (i.e. to detect cell in bad geometry condition) is useful.
If new discovery signal is introduced, RAN1 efforts are required and these new signal could consume the physical channel resource. Therefore, the resource usage should be minimized in such case. On the other hand, the new discovery signal could be designed to solve the issue of overlapping of PSS/SSS, lack of physical cell ID and to support cell detection in very bad geometry condition such as -30 dB order.
Observation:

· Compared with PSS/SSS, new discovery signal can be designed to have following appealing points:
· Solve the issue of PSS/SSS overlapping, which can happen in case macro and small cells are synchronized.

· Solve the issue of cell ID confusion.
· Be useful for flexible cell range operation for UE throughput improvement and network power reduction by having deep penetration function.
Proposal:

· To study new discovery signal.
Whether macro and small cells are synchronized or not
Here, synchronization operation includes subframe or radio frame level offset operation. Whether synchronized or not is mainly meant between layers, i.e. macro cell layer and small cell layer. On the other hand, if macro cell and small cells are synchronized, synchronization within small cell layer could be expected.
As for small cell detection, following detection/measurement would be required.
1) identification of the existence of small cells;
2) detection of cell ID;
3) measurement of the timing difference and;
4) measurement of the RSRP/RSRQ for the mobility evaluation. 
Whether 1) and 2) are sequential or simultaneous depends on whether one step or two step detection is defined. In synchronization case, 3) need to support the time difference around up to 30 usec and in non-synchronization case, 3) need to support the time difference more than 30 usec. But even in non-synchronization case, only up to 10ms detection of small cell frequency is required, if SFN is detected using PBCH after the actual full reception of small cell frequency.
In case of synchronized cell operation, the length of the measurement gap could be minimized by only detecting certain physical channel(s) (like PSS/SSS or new discovery signal). If new discovery signal is introduced, depending on the target UE speed in small cell, new discovery signal could be transmitted, for example only every 40ms or every 200ms. This could further minimize the overhead of new discovery signal.
In synchronized cell operation with new discovery signal, timing shift of discovery signal is useful to distinguish cells, but it would require more measurement gaps in order to receive multiple timing shift of discovery signals.  
In case of non-synchronized cell operation, measurement gap length of more than 5ms is required as PSS/SSS are sent every 5ms. In case of new discovery signal method, it means that new discovery signal is required to be sent every 5ms, which is more overhead. Therefore, we don't think using new discovery signal in non-synchronized cell operation is a good approach.
Proposal:

· If new discovery signal is introduced, it should be used only synchronized cell operation.
3 Improvement of cell and TP/RP identification
In the measurement gap without new discovery signal, UE only detects PSS/SSS/CRS. Therefore, UE only knows physical cell ID up to 504. If physical cell ID is the same among multiple small cells, the network cannot uniquely identify which cell is detected by the UE of interest. Then handover or all other mobility procedure is impossible. In order to uniquely identify the detected cell, autonomous gap procedure to read CGI (Cell Global Identifier) in SIB1 message is specified in TS36.133 section 8.1.2.3.5 and TS36.331 section 5.5.3.1. The procedure is originally intended for CSG (Closed Subscriber Group) cell. But we think dense small cell network with open cell could also have the same situation that PCI up to 504 is not sufficient for cell identification. 
However, we identify several problems with CSG reading. First, although the performance specified in TS36.133 is intended not to waste all subframes for CGI reading of neighbouring cells, the serving cell does not know which subframes are exactly dropped by UE for CGI reading. Besides, autonomous gap procedure becomes more and more difficult as the subframe characteristics become more and more different due to TDD, time domain eICIC, the combination of the relay, half duplex UE and so on. To extend physical cell ID more than 504 for new discovery signal would reduce or remove the need of autonomous gap procedure. Therefore, we propose to study this area in small cell discovery signal.
The term cell is defined as following in UMTS TS25.401 
Cell: Radio Network object that can be uniquely identified by a User Equipment from a (cell) identification that is broadcasted over a geographical area from one UTRAN Access Point
A Cell is either FDD or TDD mode.

We don't find the definition of cell in EUTRAN but our observation is just the same way of the interpretation except the last term is modified from UTRAN Access Point to EUTRAN Access Point. The identification of cell is through the combination of PSS/SSS/CRS/MIB/SIBs. In CoMP context, TP(transmission point)/RP(reception point) are used as the term for the specific geographical area, which is not always necessary to be identified by a UE. The mobility procedure for TP/RP was discussed in CSI-RS RSRP measurement, but we think the discussion did not contain the part of the discovery of TP/RP. With large scale TP/RP operation, just to measure CSI-RS RSRP is not sufficient, especially when the number of measurement of CSI-RS RSRP is only 8 or such order. We propose to study whether discovery signal could also be used for the identification of TP/RP. It means the discovery signal is not tied one to one to a cell. For such purpose, to extend physical cell ID to more than 504 is also useful.
Other merits of having larger physical cell ID would be following:

· Easy and scalable planning efforts

· Easier identification of cell type by cell ID i.e. whether it is CSG or non-CSG
· Possible commonality with D2D discovery
Proposal:
-
For new discovery signal, to study the extension of physical cell ID in order to avoid autonomous gap procedure and TP/RP identification issue in dense small cell scenario.
4 Summary

Based on the discussions above, we have following observations and proposals:
Observation:

· Small cell detection within macro frequency is useful in long term, but whether such function should be supported in Rel.12 needs further discussion. 
· Compared with PSS/SSS, new discovery signal can be designed to have following appealing points:

· Solve the issue of PSS/SSS overlapping, which can happen in case macro and small cells are synchronized.

· Solve the issue of cell ID confusion.
· Be useful for flexible cell range operation for UE throughput improvement and network power reduction by having deep penetration function.
Proposal:
· To study new discovery signal.

· If new discovery signal is introduced, it should be used only synchronized cell operation.
· For new discovery signal, to study the extension of physical cell ID in order to avoid autonomous gap procedure and TP/RP identification issue in dense small cell scenario.
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