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1. Introduction
RAN3 is currently working on enhanced mobility WI (HNB-HENB_mob_enh) for rel-10. As part of this work RAN2 received an LS during RAN2#71bis [1] asking the status of Cell-FACH mobility in rel-9. RAN2 reply LS responded stating that cell-FACH mobility was not enhanced in rel-8/9 [2]. 
In this paper, we further analysed Rel-9 effort from RAN2 and think that even connected mode inter H(e)NB mobility (Cell-DCH in UMTS and RRC_Connected in LTE) in an enterprise deployment does not work very well with Rel-9 enhancements and legacy mechanisms can work better than rel-9 enhancements. Please note that we are not proposing any new enhancements in this paper and would like RAN2 to confirm the understanding in the paper.
2. Discussion
2.1. Scope of Proximity area

Below is the text taken from 36.304 section 5.2.4.8.2:
5.2.4.8.2

Cell reselection from a CSG cell

While camped on a suitable CSG cell, the UE shall apply the normal cell reselection rules as defined in subclause 5.2.4.

To search for suitable CSG cells on non-serving frequencies , the UE may use an autonomous search function. If the UE detects a CSG cell on  a non-serving frequency, the UE may reselect to the detected CSG cell if it is the highest ranked cell on its frequency.

If the UE detects one or more suitable CSG cells on another RAT, the UE may reselect to one of them if allowed according to [19].

Above highlighted text was added due to the fact that intra frequency reselection is based on normal cell reselection rules and does not rely on autonomous search. If UE does not maintain fingerprints in idle mode then it can not send Proximity Indication for the same cells in connected mode.

Conclusion 1: UE can not send Proximity indication for intra frequency neighbour HeNB while connected to a HeNB.
Below is the text taken from 25.304 section 5.2.6.4.3:

5.2.6.4.3 Cell reselection from a CSG cell to a CSG cell

To search for CSG cells not listed in the system information of the serving CSG cell, the UE may use the autonomous search function when at least one CSG ID is included in the UE’s CSG whitelist. The UE is required to perform autonomous search function in Idle, Cell_PCH and URA_PCH states. If "Dedicated CSG frequency(ies)" IE is present, the UE may use the autonomous search function only on dedicated frequencies and on other frequencies listed in the system information.
If the UE detects a suitable CSG cell on the same frequency, it shall reselect to this cell if the concerned CSG cell is the highest ranked cell, according to 5.2.6.1.4.

While camped on a suitable CSG cell, the UE shall consider the frequency of the serving cell to be the highest priority frequency (i.e. higher than the eight network configured values or highest HCS priority) as long as the serving cell is the highest ranked cell on that frequency (This includes the case when the UE has only dedicated priorities for other frequencies but not for the current frequency, i.e. the UE does not consider the current frequency to be the lowest priority frequency according to rules in 5.2.6.1.2a and 5.2.6.1.4a).

If the UE detects one or more suitable CSG cell on another RAT, the UE may reselect to one of them according to [18]. 

For reselection to neighbour CSG cells listed in the system information of the serving CSG cell the UE shall apply cell measurement rules according to 5.2.6. If the UE detects a suitable CSG cell that is listed in the system information of the serving cell on other frequencies, and the detected CSG cell is the strongest cell on that frequency, then the UE shall consider these frequencies to have a priority equal to the current frequency and shall follow cell reselection rules according to 5.2.6.1.4 and 5.2.6.1.4a.
No such restriction exists for UMTS in order to prepare fingerprints in idle mode but there are some restriction related to signalling as explained in next section.

Conclusion 2: There is no such restriction from 25.304 i.e. UE is allowed to maintain fingerprints for individual HNBs.
2.2. Proximity indication signalling
Below is the text taken from 36.331 section 5.3.14.2:

5.3.14.2
Initiation

A UE in RRC_CONNECTED shall:

1>
if the UE  enters the proximity of one or more cell(s), whose CSG IDs are in the UEs CSG whitelist, on an E-UTRA frequency while proximity indication is enabled for such E-UTRA cells; or

1>
if the UE  enters the proximity of one or more cell(s), whose CSG IDs are in the UEs CSG whitelist, on an UTRA frequency while proximity indication is enabled for such UTRA cells; or

1>
if the UE  leaves the proximity of all cell(s), whose CSG IDs are in the UEs CSG whitelist, on an E-UTRA frequency while proximity indication is enabled for such E-UTRA cells; or
1>
if the UE  leaves the proximity of all cell(s), whose CSG IDs are in the UEs CSG whitelist, on an UTRA frequency while proximity indication is enabled for such UTRA cells:
2>
if the UE has previously not transmitted a ProximityIndication for the RAT and frequency during the current RRC connection, or if more than 5 s has elapsed since the UE has last transmitted a ProximityIndication (either entering or leaving) for the RAT and frequency:
3>
initiate transmission of the ProximityIndication message in accordance with 5.3.14.3;

NOTE:
In the conditions above, "if the UE enters the proximity of one or more cells whose CSG IDs are in the CSG whitelist" includes the case of already being in the proximity of such cell(s) at the time proximity indication for the corresponding RAT is enabled.

Based on conclusion 1, UE is unable to send Proximity Indication for same frequency cells and in fact it is not required to send it. If there are neighbouring cells on different frequency and UE has no measurements configured for this frequency then UE may send proximity indication and further handovers on cells operating on this frequency will be intra frequency handovers. Further if there is a deployment where UE is required to send Proximity Indication repeatedly then there is a risk of RLF because of prohibit timer as highlighted in above text from 36.331. 
In an enterprise deployment, the cell size is not considered to be as big as a macro cell. Once the UE has sent Proximity Indication to one H(e)NB cell and then moves to another H(e)NB coverage in a different proximity area then there is a requirement of 5 seconds delay (prohibit timer) before initiating Proximity Indication. This will eventually delay the handover and might result in RLF if UE looses the coverage of serving cell. The probability of happening this scenario depends on network deployment, size of the cell, accuracy of fingerprints  implemented in the UE and the location where UE triggers proximity under the serving H(e)NB for a target H(e)NB. It is also worth mentioning that trigger for sending Proximity Indication is not based on radio conditions and rather based on some stored information. 

Hence, enterprise network should be configured in such a way that not every handover relies on Proximity. Proximity procedure is not designed for frequent handovers between small cells and it does not take radio conditions into account while sending proximity. The sole purpose of Proximity indication is only to request measurement configuration for a particular frequency/RAT.
Conclusion 3: The purpose of Proximity Indication is to request measurement configuration. It is not a reliable mechanism for every handover within the enterprise network and should be used in rare cases where network configuration is not possible.
Below is the text taken from 25.331 section 14.7a.4:

14.7a.4
CSG Proximity Indication

If proximity detection function is enabled for a RAT, the UE shall initiate the transmission and set the contents of IE "CSG Proximity Indication" in the MEASUREMENT REPORT message as follows:

1>
if the UE is aware that it is in the proximity of one or more cell(s) on a frequency of the enabled RAT whose CSG IDs are in the UE's CSG whitelist, the UE shall:

2>
if the UE has not transmitted a “CSG Proximity Indication" for the RAT and frequency since the enabling of proximity detection function, or

2>
if the last “CSG Proximity Indication” transmitted for the concerned RAT and frequency was a leaving indication, and more than 5 s has elapsed since its transmission, 

3>
set the IE "CSG Proximity Indication" to "entering";

3>
set the IE "CSG Frequency info for UTRA" or "CSG Frequency info for E-UTRA " to the frequency of the cell(s) for which the Proximity Indication was triggered.
1>
if the UE leaves the proximity of all the cell(s) on a frequency of the enabled RAT whose CSG IDs are in the UE's CSG whitelist, the UE shall:

2>
if the last “CSG Proximity Indication” transmitted for the concerned RAT and frequency was an entering indication, and more than 5 s has elapsed since its transmission,
3>
set the IE "CSG Proximity Indication" to "leaving";

3>
set the IE "CSG Frequency info for UTRA" or "CSG Frequency info for E-UTRA" to the frequencyof the cell(s) for which the Proximity Indication was triggered.

Almost similar conclusion can be drawn for UMTS HNB and relying on proximity indication could result in worst performance compared to LTE. Legacy UMTS mobility works on NCL. In an enterprise deployment of small cells, if NCL is not configured properly then, the only option is to rely on Proximity indication for intra and inter frequency neighbours. This would result in more frequent handover failures due to prohibit timer and size of fingerprints. In our opinion, maintenance of proper NCL in UMTS enterprise is more critical. 
The alternative is to use normal connected mode handover procedure i.e. to deploy the network in such a way that neighbouring HNB is either included in NCL or use detected set measurement (legacy procedures).
Conclusion 4: Relying on Proximity Indication for every handover in an enterprise deployment will introduce service interruptions e.g. RLF due to prohibit timer . 
3. Conclusion

It is proposed RAN2 to discuss and agree that Proximity Indication introduced in Rel-9 is not optimised for inter H(e)NB connected mode mobility. Legacy mechanisms can work better in these scenarios and proximity should only be used in cases where network is not configured properly with the consequences listed in the paper.
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