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1. Introduction
RAN3 has earlier agreed on an Automatic Neighbor Relation function for E-UTRAN to build up and manage Neighbor Relations using mobile-assisted measurements ‎[1]. It has also been discussed in RAN3 to use a similar function for finding and managing IRAT and inter-frequency neighbor relations ‎[2]. This would reduce the work needed for planning and configuration of the network.
The ANR function relies on cells broadcasting their identity on global level, namely, the Cell Global-Cell-Identifier (Global-CID). The aim of this document is to further discuss the inter-RAT/frequency ANR function and to address the task of measuring the Global-CID of a new neighboring cell. This document proposes a preferred method for performing the measurements needed to find the Global-CID and hence, to implement the inter-RAT/frequency ANR function.
2. Inter-RAT/Frequency ANR
The ANR functionality in E-UTRAN is described in ‎[1] and is further extended to inter-RAT/frequency ANR functionality in ‎[2]. The basics of the inter-RAT/frequency ANR mechanism are illustrated in Figure 1 and are described below.
It is assumed that this function executes under the constraints of the O&M system which can manage:

· Inter-RAT/frequency Searchlist: List of RATs/Frequencies that shall be searched. 

· Inter-RAT/frequency ANR Blacklist: List of inter-RAT/frequency cell to which the eNB shall neither keep nor establish a neighbour relation.

· Inter-RAT/frequency ANR Whitelist: List of inter-RAT/frequency cells to which the eNB shall always establish and maintain a neighbour relation
It is also assumed that the O&M system is informed about changes in the eNB inter-RAT/frequency neighbour lists.

The function works as follows:

The eNodeB serving Cell A has an ANR function. During normal service procedure, the eNB can instruct each UE individually to perform measurements and detect cells on other RATs/frequencies. The eNB may use different policies for instructing each UE to do measurements, and when to report them to the eNB.

1. The eNB instructs the UE to look for neighbour cells in the target RATs/frequencies. To do so the eNB may need to schedule appropriate gaps (i.e. size and repetition of gaps) to allow the UE to scan all cells in the target RATs/frequencies.
2. The UE reports the Phy-CID of the detected cells in the target RATs/frequencies and their respective signal quality. The Phy-CID is defined by the Primary Scrambling Code (PSC) in case of UTRAN cell and by the BSIC in case of GERAN cell.

When the eNB receives UE reports containing Phy-CIDs of cells that are not already in inter-RAT/frequency neighbour lists of that cell, the following sequence may be used.

3. The eNB instructs the UE, using the newly discovered Phy-CID as parameter, to read the Global-CID of the detected neighbour cell in the target RAT/frequency. To do so the UE must stop listening to the serving cell A, for example during transmission gaps scheduled by the eNB, and read the Global-CID from the broadcast channel of the detected neighbour cell. Methods for measuring the Global-CID with as small disturbance in ongoing traffic as possible are discussed in Section ‎3.
4. When the UE has read the new cell’s Global-CID, it reports the detected Global-CID to the serving cell eNB.

5. The eNB updates its inter-RAT/frequency neighbour list. 


Figure 1 Automatic inter-RAT/frequency Neighbor Relation Function. The numbers in the figure correspond to the numbers in the list above.
3. Inter-RAT/Frequency Global-CID Measurements

To measure the Global-CID of a cell in another RAT or frequency, the UE has to tune in to the frequency for the cell and stop listening to the serving cell for the time needed to measure the other RAT/frequency. This can be handled in different ways. For both GERAN and UTRAN, the UE will need to perform measurements to find the current frame number, of the other RAT/frequency (if not already known from the Phy-ID measurement). For UTRAN it is also necessary to listen to the BCH to for additional information, such as information regarding in which frame the Global-CID will be transmitted. After performing these measurements, the UE can derive the transmission time for the Global-CID of the new cell and hence measure for the Global-CID. This is further described in the examples in Sections ‎3.1 and ‎3.2
A number of different ways to handle the measurement of data transmitted from a cell in a different RAT/frequency are presented below.  
a) The serving eNB issues a transmission gap of length T, where T is the worst case time to obtain the desired data from the candidate BS. During this gap the UE measures the desired data. Note, this solution requires that the serving BS is aware of the worst case time T. For example in GERAN T is approximately 940 ms.
b) The serving eNB starts a transmission gap right after transmitting the measurement request to the UE. During this gap, the UE measures the desired data. The measurement gap ends as soon as the eNB receives the measurement results from the UE. The measurement gap will have the maximum length T, where T is the worst case time to obtain the desired data. In contrast to solution ‎a), the length of T must not be known in advance.

c) The serving eNB issues periodic transmission gaps of fixed length where the UE measures the desired data. Assume that the desired data is transmitted periodically. Under certain conditions the measurement gaps will slide relatively to the broadcast frames for the desired data and eventually align with one of these broadcast frames.

d) The UE informs the eNB that it will measure during a measurement gap of length T. The serving eNB creates a transmission gap during this period. This method is analogous to method ‎‎a), however, in this case the UE initiates the transmission gap.
e) The UE starts a measurement gap right after sending a transmission gap message to the serving eNB. The eNB issues a transmission gap that ends as soon as the eNB receives the measurement result from the UE. This method is analogous to method ‎‎b), however, in this case the UE initiates the transmission gap.
f) The UE ignores transmissions from the serving RAT/frequency for a while in order to perform inter-RAT/frequency measurements, without reporting this to the serving eNB. During inter-RAT/frequency measurements the UE is not reachable. The network will experience the same behavior as if the UE was passing through a shadow region.
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Figure 2 Illustration of method ‎a) – Gap during worst case time to find desired data
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Figure 3 Illustration of method ‎b) – Gap until desired data is reported. Note that signaling delays between the MS and the serving RBS are omitted. Signaling delays would result in the transmission gap to end later than is indicated in the figure. 
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Figure 4 Illustration of method ‎c) – sliding transmission gaps

Note that the desired data can be for example the current frame number, additional scheduling information, the Global-CID, or a combination of these data. The proposed method is that the Inter-RAT/frequency cell synchronization and current frame number, if not already known, is measured using method ‎c). Once the cell synchronization is known, the UE measures any additional needed information to find the Global-CID transmission interval (if not already known) using method ‎‎f), calculates the time interval the Global-CID will be transmitted and uses method ‎f) to measure it. This method is described more extensively for Global-CID measurements in GERAN and UTRAN respectively in Sections ‎3.1 and ‎3.2.
3.1. Global-CID Measurement in UTRAN
In UTRAN the Global-CID is transmitted in System Information Block (SIB) 3 on the Primary Common Control Physical Channel (P-CCPCH) ‎‎[3]. The system frame number (SFN) for the radio frame in which the SIB 3 is transmitted is given by the Master Information Block (MIB), which is also transmitted in the P-CCPCH. The UE must therefore first read the information contained in the MIB and then read the SIB 3 to find the Global-CID. 

The scheduling of a system information block is given by a position (offset) and a repetition period. The MIB contains the position and repetition time for the SIB 3, which contains the Global-CID. The position and the repetition period of the MIB is standardized and given by 0 and 8 (80 ms), respectively.
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Figure 5 Example of transmission of MIB and SIB
The UE synchronizes and obtains the PSC of the new cell by using method ‎c) with sliding transmission gaps. When synchronized the UE starts reading the P-CCPCH and obtains the System Frame Number (SFN). By using the SFN the UE calculates the frame and the time interval in which the MIB is transmitted. The UE then measures the MIB, using method ‎f), i.e. the UE ignores transmissions from the serving eNB during the measurement time. Using the information in the MIB the UE obtains the frame and the time interval in which SIB 3 including the Global-CID is transmitted. The UE then reads the SIB 3 using method  ‎f) (ignoring the serving eNB) and reports the Global-CID to the serving eNB.
3.2. Global-CID Measurement in GERAN
In GERAN the Global-CID is transmitted in SYS_INFO 3, and the transmission time of SYS_INFO 3 is standardized in ‎‎[4]. By using method ‎c) with sliding transmission gaps the current frame number can be found. The UE then measures the Global-CID of the GERAN cell using method ‎f), i.e. the UE ignores transmissions from the serving RAT during the measurement time. Once the Global-CID has been measured, it is reported to the base station. 
The time interval between two transmissions of the he Global-CID, is approximately 940 ms. This gives an average time of approximately 450 ms before the Global-CID can be read. Note that, using the described method, the UE will listen to the transmissions in the serving cell all the time except for the small time interval when the Global-CID is actually being transmitted from the inter-RAT/frequency neighbor cell.
4. Text proposal for TS 36.300
The following text is proposed to add to TS 36.300. The proposal is based on ‎[2], and some additional changes are made on top of the proposed changes in ‎[2]. Both old and new changes are visible with change bars. 
22.3.3
Automatic Neighbour Relation Function

The ANR (Automatic Neighbor Relation) function relies on cells broadcasting their identity on global level, Global-Cell-Identifier (Global-CID).
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Figure 1: Automatic Neighbor Relation Function

It is assumed that this function executes under the constraints of the O&M system which can manage:


ANR Blacklist: List of cells to which the eNB shall neither establish nor keep a neighbour relation.


ANR Whitelist: List of cells to which the eNB shall always establish and maintain a neighbour relation.

It is also assumed that the O&M system is informed about changes in the eNB neighbour relations.

The function works as follows:

The eNB serving cell A has an ANR function. As a part of the normal call procedure, the eNB instructs each UE to perform measurements on neighbor cells. The eNB may use different policies for instructing the UE to do measurements, and when to report them to the eNB.

1. The UE sends a measurement report regarding cell B. This report contains Cell B’s Phy-CID, but not it’s Global-CID.

When eNB receives a UE measurement report containing Phy-CID that is not in the Neighbor Relation List for that cell, the following sequence may be used.

2. The eNB instructs the UE, using the newly discovered Phy-CID as parameter, to read the Global-CID of the related neighbor cell. To do so, the eNB may need to schedule appropriate gaps to allow the UE to read the Global-CID of the neighbor cell, as the UE need to decode the new cell’s broadcast of its Global-CID. It is FFS how this requirement should be formulated.

3. When the UE has read the new cell’s Global-CID, it reports the detected Global-CID to the serving cell eNB.

4. The eNB decides to add this neighbor relation, and can use Phy-CID and Global-CID to:

a. Lookup a transport layer address to the new eNB (FFS if this needs to be standardized by 3GPP).

b. If needed, setup a new X2 interface towards this eNB. The setup of the X2 interface is described in section 22.3.2.

c. Update its Neighbor Relation List.

The exchange of further information for ANR optimisation purposes is FFS.

22.3.x
Inter-RAT/frequency Automatic Neighbour Relation Function
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Figure 1: Automatic Neighbor Relation Function

It is assumed that this function executes under the constraints of the O&M system which can manage:

Inter-RAT/frequency Searchlist: List of RATs/Frequencies that shall be searched. 
Inter-RAT/frequency ANR Blacklist: List of inter-RAT/frequency cell to which the eNB shall neither keep nor establish a neighbour relation.

Inter-RAT/frequency ANR Whitelist: List of inter-RAT/frequency cells to which the eNB shall always establish and maintain a neighbour relation.

It is also assumed that the O&M system is informed about changes in the eNB inter-RAT/frequency neighbour lists.

The function works as follows:

The eNB serving Cell A has an ANR function. During a normal call procedure, the eNB can instructs each UE to perform measurements and detect cells on other RATs/frequencies. The eNB may use different policies for instructing the UE to do measurements, and when to report them to the eNB. 
1. The eNB instructs the UE to look for neighbor cells in the target RATs/frequencies. To do so the eNB may need to schedule appropriate gaps to allow the UE to scan all cells in the target RATs/frequencies. 
2. The UE reports the Phy-CID of the detected cells in the target RATs/frequencies and their respective signal quality. The Phy-CID is defined by the Primary Scrambling Code (PSC) in case of UTRAN cell and by the BSIC  in case of GERAN cell.
When the eNB receives UE reports containing Phy-CIDs of cells that are not already in inter-RAT/frequency neighbour lists of that cell, the following sequence may be used. 
3. The eNB instructs the UE, using the newly discovered Phy-CID as parameter, to read the Global-CID of the detected neighbour cell in the target RAT/frequency. In case the UE does not have synchronization with the neighbour cell, the eNB may schedule appropriate transmission gaps for the UE to find synchronization. The UE ignores transmissions from the serving cell while performing measurements needed to find the Global-CID transmitted in the broadcast channel of the detected neighbor cell.
4. When the UE has read the new cell’s Global-CID, it reports the detected Global-CID to the serving cell eNB.

5. The eNB updates its inter-RAT/frequency neighbor list.
5. Conclusion

RAN3 is proposed to:

· Send an LS to RAN2 to confirm the feasibility of the scheme.
· Agree the text proposal above for the addition of the inter-RAT/frequency ANR function in ‎[1] and ‎[2].
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