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1. Introduction
For support of the ANR function in RAN2, the UE support of CGI (Cell Global Identifier) request/response messages is currently being discussed. The accepted concept is that the UE will assist the ANR function by reporting the CGI corresponding to a requested PCI. One candidate proposal for stage 3 text is under discussion on email [3]. This paper argues for the following modifications to the proposal
1. Allowing the UE to report CGI values that were read in the past CGI_Memory_Requirement seconds

2. Allowing the UE to report more than one CGI value for a particular PCI

2. Discussion

The ANR functionality in SON allows the UE to assist the eNB in discovering radio neighbour cells. Upon discovery, the eNB may establish network interfaces (e.g. X2) with the neighbour to allow efficient handover with the neighbour. The scheme [4] under discussion in RAN2 involves the following steps.
Step 1: eNB receives a measurement report from UE with a PCI value for which it has no neighbour relation. (What caused the UE to send this report is not the subject of this paper).

Step 2: eNB requests the UE to provide CGI for this neighbour, and additionally, it configures a gap duration to enable the UE to read the CGI (details of this gap configuration are currently under study in RAN2).

Step 3: UE reads the CGI

Step 4: UE reports the (PCI, CGI) pair back to the eNB, along with the measured strength.

This paper argues that step 3 may fail under some cases, and thus it is desirable to allow the UE to report CGI values it has observed in the past few seconds (a standardized constant or L3 configured duration).

This paper also argues that to assist network in the resolution of confusion and collision, the UE should be able to report multiple CGI values in response to a request.

2.1 Reporting Past Observed CGI Values
Consider the case of a UE moving from cell A to cell B. If cell A and cell B do not have neighbour relations with each other, then cell A will request the UE to report CGI of cell B. However, under fast mobility, the time taken to configure the gap, along with the time taken for the UE to measure and report the CGI back to cell A may be so long that the connection to cell A fails. 

Upon failure, the UE will try to connect with cell B, which is now the strongest cell. Upon connecting to B, 

(a) the strength of cell A may be above the normal reporting thresholds, causing the UE to report cell A, or 

(b) Depending on the expiry of radio link failure timers, the UE may have connected to cell B with a re-connection attempt, where the PCI_a is communicated to cell B, or

(c) Cell B requests the UE to report cells that are visible to it, causing the UE to report PCI_a.
Either of the above three events will inform cell B that there is a PCI_A for which no neighbour relations exist. This may cause cell B to request the CGI of cell A. Proposal 1 has the benefit that the UE can report CGI_A without monitoring the SIB from cell A again.  
Proposal 1: If the UE has read the CGI from PCI_A within CGI_Memory_Requirement seconds, the UE may report the CGI without reading it after receiving the CGI request message.
Benefit 1.1: Under Proposal 1, the UE will not have to read again the CGI of cell A, because it knows it from the prior connection. Thus, the CGI reporting will be more efficient.

Benefit 1.2: Also, avoiding the reading of CGI after the request is helpful in the following case. Say the signal strength threshold above which the eNB wishes to establish ANR relations is T1. Further, say the threshold where the threshold of signal strength where the SIB carrying CGI can be decoded by the UE is T2. Proposal 1 below makes ANR work even when T1<T2. Without proposal 1, ANR will work only under the case of T1>T2.

Benefit 1.3: This proposal reuses the memory database that UEs already have, in terms of remembering the parameters of cells that were visited in the past. For example, such databases are commonly used to optimize idle state mobility. Thus, this proposal causes negligible extra complexity.

Benefit 1.4: For cells where typical handovers are high speed events (e.g. cells along railway tracks or highways), Proposal 1 enhances the ANR functionality.

Benefit 1.5: Proposal 1 reduces the reliance of ANR function on the measurement gap functionality. 
Note 1: Within proposal 1, CGI_Memory_Requirement is either a standardized constant (say 2 seconds), or a L3 configured parameter.
Note 2: The reported signal strength, if any, should be the strength of the cell at the time the report was generated. The strength for same frequency cells can be measured without measurement gap.

Note 3: There may be a bit that will indicate if the UE is basing the report on past measurements. 

2.2 Reporting multiple CGI values 
Reporting multiple CGI values in response to a CGI request allows the ANR and SON functions to plan the network to prevent PCI collision and confusion (see [1] for definitions). Also, see [2] for an example of the methods that could be used to reduce collisions and confusions with the ANR functions.
2.2.1 Memory Based reporting of multiple CGI values
Consider the case when there is collision between cells A and B, i.e. PCI_A=PCI_B. Further, assume that there are no neighbor relations between these two cells to assist in the resolution of this collision. There should be a mechanism for cell B to discover that such a collision exists. Such an automated mechanism can reduce network planning efforts.

If a UE travels from cell A to cell B, the connection will fail because the UE will be unable to report the strength of cell B to cell A. After the UE has connected to the network again via cell B, if cell B sends a CGI query message for PCI_B, we should allow the UE to report the CGI_A value that is still has in its memory. This will allow cell B to initiate neighbor relations with cell A, and also to resolve the PCI collision.
The exact triggers to be used for cell B to request the CGI values for PCI_B could be as follows. (a) If the UE supports detection of PCI collision, the trigger may be based on UE reports. See Section 2.2.2 for more discussion. (b) If the UE performs a reconnection attempt due to radio link failure, and indicates that the source cell A has the same PCI, then cell B will estimate that collision may exist. (c) Cell B may perform periodic collision avoidance by requesting UEs report GCI for PCI_B. 

Proposal 2: If UE is aware of more than one CGI value for the requested PCI, within the stipulated memory requirement, then the UE should report such CGI values. The reporting message should be structured to allow multiple CGI reporting.

Benefit 2.1: This allows recovery from collision without changing Physical layer requirements.
2.2.1 Physical Layer Based reporting of multiple CGI values
In case the colliding cells are asynchronous, there is a possibility that the UE will be able to determine that there is a PCI collision. For example, if the cells are offset by 1ms, then it should be easy to determine that the two synchronization signals are from distinct cells (because 1ms is 300 km at radio-wave speed, and multipath can not exceed that threshold). We believe it is important for RAN1 to study if such collisions can be studied. An initial response from RAN1 [5] is that such collisions are difficult to detect (see question 2 in the reference). However, in the event of significant time offset, it may be possible for the UE to detect the collision.
Proposal 3: Request RAN1 to study the issue of collision detection by the UE, in the context of asynchronous cells.

Proposal 4: After confirmation with RAN1, make the following requirement in RRC: If during the scan of downlink synchronization channels, the UE has detected multiple cells with the same PCI, require UE to report the CGI values for all of those cells. 
3. Conclusion
The following proposals are recommended for adoption.

Proposal 1: If the UE has read the CGI from PCI_A within CGI_Memory_Requirement seconds, the UE may report the CGI without reading it after receiving the CGI request message. 

Proposal 2: If UE is aware of more than one CGI value for the requested PCI, within the stipulated memory requirement, then the UE should report all such CGI values. The reporting message should be structured to allow multiple CGI reporting.

Proposal 3: Request RAN1 to study the issue of collision detection by the UE, in the context of asynchronous cells.

Proposal 4: After confirmation with RAN1, make the following requirement in RRC: If during the scan of downlink synchronization channels, the UE has detected multiple cells with the same PCI, require UE to report the CGI values for all of those cells. 
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