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Discussion and decision
1. Introduction
In the RAN2#62 meeting the summary of the email discussion on home eNB inbound mobility support was discussed [1]. It was thought that comments made during the discussion should be taken into account and deferred to an offiline discussion.
On Friday the summary of offline discussion was presented [2]. In the discussion it was thought that there was still some confusion in the group. An email discussion was agreed to be held in order to further discuss the need of CSG cell specific physical cell identity.
This email discussion is focused on the following aspects.
· To agree on the need of CSG cell specific Physical Cell Identity (PCI)

· To agree to send an LS to RAN1 asking about the feasibility of CSG cell specific PCI
2. Discussion
From the comment received online and offline, it seems beneficial to clarify the following points.

· What is the function of “PCI LIST”?
· Different procedures for different scenarios (CSG UE or non-CSG UE / Intra-frequency or Inter-frequency) 

2.1. PCI list

It is generally understood that the UE will keep a list of PCIs for those CSG cells that are known to be allowed for the UE to access to and the list can be used by the UE to limit the number of attempts to read CSG related information from identified cells. However, a non-CSG UE does not have a PCI list to assist it limiting number of attempts to read such CSG related information. 
It should be noted that the UE can not use the PCI list to confirm the accessibility to a cell with a PCI in the PCI list.

It should further be noted that the PCI list does not address possible PCI change of a CSG cell. In case of PCI change, a relaxed mobility requirement applies as in [3].

If the PCI or the carrier frequency of the CSG cell changes, the UE shall be able to detect this change autonomously. It is expected that the UE would look for the CSG cell based on the PCI/ carrier frequency as last stored in its memory and based on the fingerprint. Then, the UE would detect absense of the CSG cell from where it was expected, and initiate a full scan of the CSG cell. By checking the global cell identity of detected CSG cells, the UE should eventually find the CSG cell on a new PCI or carrier frequency. Such autonomous procedure shall be completed within [6 min, FFS]. Once the CSG cell has been found, the requirements 12 and 13 shall apply then on.

15.
If the PCI or the carrier frequency of the CSG cell changes, the UE shall be able to detect this change within [6 min, FFS]. The performance requirements 11 and 12 shall apply then on. 

Therefore it is considered that as regular behaviour the UE tries to obtain CSG related information from the identified cells only when the PCI of a cell matches a PCI in the PCI list. Additionally, the UE will have to perform periodical search for CSG cells with PCIs that are not included in the PCI list. 

2.2. Procedures for CSG UE

The “CSG UE” in this document refers to a UE that supports CSG cell access and has a CSG whitelist stored in the UE [4].  
Currently “CSG flag” is included in SI-1 [5]. This flag is meant for the CSG UE behaviour to check whether a cell identified at the physical layer is a non-CSG cell or a CSG cell. In case of CSG cell, the CSG UE has to further check the accessibility to the CSG cell (i.e. reading CSG identity).
Intra-frequency mobility in a mixed carrier
If the mixed carrier is intra-frequency for the CSG UE, the CSG UE will have to try to read the “CSG flag” for the cells with PCIs in the PCI list, and all the identified cells with less frequency. It should be noted here that the mobility to non-CSG cell would be affected by this UE behaviour.

It was thought during offline discussion that increased number of PCIs in the PCI list will increase the chances that the UE needs to check the CSG flag. In connected mode in particular this UE behaviour degrades the mobility performance in a mixed carrier.

A reserved set of CSG cell specific PCIs can avoid this UE continuous behaviour to try to acquire the CSG flag. 

It is expected that  there are cases where the UE only reports PCI of a CSG cell since the UE did not check the CSG flag (i.e. the PCI was not included in the PCI list).  It is then network responsibility to identify whether the reported cell is non-CSG or CSG cell. It is assumed that the eNB can not know this only from the PCI reported from the UE due to “PCI confusion”.

A reserved set of CSG cell specific PCIs can address the “PCI confusion” problem in the network.
Inter-frequency mobility to a mixed carrier
The above discussion for the inter-frequency mobility seems to be equally applied to the inter-frequency mobility.

It is true that the relevant CSG inbound mobility requirements are different. However this does not seem to change all the arguments discussed above for the intra-frequency mobility.
13.
For inbound mobility to CSG cells in active mode, the cell search, CSG identification, and handover process shall be completed in the order of 1 s in case of intra-frequency mobility. In case of inter-frequency mobility, 10-30 s is expected including the autonomous CSG search time.
The UE behaviour to check the CSG flag would increase the size of measurement gap for the inter-frequency measurement in order for the UE to be able to read SIB1 from the neighbouring cells.
A reserved set of CSG cell specific PCIs allows the normal measurement gap for inter-frequency measurement.
2.3. Procedures for non-CSG cell
The “non-CSG UE” in this document refers to a UE that does not support CSG cell access or does not have a CSG whitelist stored in the UE [4].
For a non-CSG UE two behaviours are possible.

· Read the “CSG flag” for all the identified cells (since non-CSG UE does not have a PCI list) or;

· Does not read the “CSG flag” and rely on the network to sort it out
It seems sensible to assume that a non-CSG UE is not required to perform CSG related procedures (i.e. the first option above and an indication of CSG flag in measurement report). This means that the identification of whether a particular cell is a non-CSG or a CSG cell should to be done by the network. 
The identification of non-CSG or CSG in the network is equally important for both intra-frequency and inter-frequency mobility of non-CSG UEs in order to ensure that a non-CSG will not be sent to a CSG cell. 
In active mode, the network has to request UE to read the SIB1 before it can make any decision to handover the UE to a different frequency layer if interference conditions require it. This delays the handover and can result in increased probability of dropped calls. 
For a non-CSG UE on a different RAT (e.g. GERAN) but doing EUTRA carrier measurements, it is useful for the UE to be able to identify whether the cell it has detected is a CSG cell or not without having to read the SIB1 considering the limited measurement gaps available other RATs.
A reserved set of CSG cell specific PCIs facilitates the network based identification of non-CSG or CSG cell without “PCI confusion”.
3. Received comments

CSG specific PCI range signalling to the UE

Samsung commented that it would be good to have a separate range of PCIs for home-eNB cells, but see little motivation to inform the UE of the range of CSG specific PCIs. They also commented that RAN2 could indicate in the LS to RAN1 that RAN2 has not decided whether the UE would need to know the range of CSG specific PCIs.
Qualcomm was concerned about possible performance degradation for the normal measurement if the PCI range is not informed to the UE.

T-Mobile agreed with Samsung and commented that the impact for the UE is limited as it only read the SIB1 of the PCI in the area it knows it has a chance to find a usable HeNB.
NTT DoCoMo appreciated the analysis of different scenarios done by Samsung. They think it is important to understand how "accurate" a fingerprint could be in practice.
Nokia Siemens Network expressed some concerns on the "UE unaware approach" that emerges from this thread. They thought that the "UE unaware approach" also seemed to contradict the operator's requirements that were captured in the Stage 2.

Extended PCI range or reservation from the current PCI space

Telecom-Italia expressed their view that it could be useful to have a more extended range of PCIs (e.g. 1024 instead of 512) we can dynamically use for both non-CSG and CSG cells by means of a network configuration.
Vodafone commented that they see a benefit of having a reserved set of PCIs. Especially for the case of non-CSG UEs in a mixed carrier scenario, the benefit is attributed by the non-CSG UE not having to validate CSG cells (i.e. reading system information). They are also concerned about limited size of measurement gap while the UE in GERAN.
T-Mobile thought the use case considered was the deployment of a number of HeNB in a certain geographical area. Thus 50 is a reasonable number to be reserved.
Vodafone commented that they would only support a new set of PCIs for CSG if it has no impact on Release 8 timeline and they have the view that around 50 reserved PCIs within the existing set for CSG would satisfy most deployment scenarios.
Orange commented that we can give the number RAN2 has agreed (50) and include in the LS that RAN1 has the possibility to add more PCIs.
NTT DoCoMo and Motorola commented that extension of the PCI space could impact cell search performance and this is likely to result in delay of Rel 8. RAN4 should be invited in the analysis.

4. Conclusion

It was concluded that there are benefits of reserving PCIs for CSG cell use in the system. At the same time, it was thought that the impact on the release-8 time line from both standardization and implementation view point should be considered carefully. The LS in the Annex was agreed to be sent out to RAN1 and RAN4.

The need of UE awareness for the reserved PCI range was questioned by some companies. It was concluded that this can be discussed further in a separate email discussion [6].
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1. Overall Description:

RAN2 has been discussing Home eNB (CSG cell) inbound mobility procedures. The first step for the inbound mobility is that the UE checks whether a cell identified at the physical layer is a macro cell or a CSG cell. This step is necessary in order for the UE to determine whether it should further perform CSG cell related procedures (i.e. obtaining CSG identity and so on) or it can proceed with the normal mobility procedure.

The current working assumption for the first step is that the UE is required to read the “CSG flag” in SIB1 of the identified cell. This means that in a co-channel deployment of non-CSG and CSG cells, the UE will have to check the CSG flag for identified cells, which degrades the overall mobility performance in that frequency layer.

After some discussion, RAN2 now thinks that it is beneficial if the first step can be done at the cell identification in the physical layer and thus the above behaviour can be avoided. Two possible methods were mentioned in RAN2.

· Partition the current Physical Cell Identity (PCI) space into non-CSG cell use and CSG cell use
· Introduce a new set of Physical Cell Identity for CSG cell use
RAN2 could not provide the exact number of PCIs to be reserved, but is of the view that around 50 PCIs should be needed in the typical case even if a higher number could be beneficial in some cases to avoid ‘PCI confusion’ for a CSG UE due to neighbouring CSG cells being assigned the same PCI from the restricted reserved list. 
RAN2 has discussed whether the UE should be made aware of the range of CSG cell specific PCIs (e.g. fixed in specifications or provided by higher layer signalling). However no consensus was reached on this point.
RAN2 also would like to emphasize that it is a strong view of RAN2 that the release-8 standardization and related implementation should not be delayed by the introduction of a new functionality for this purpose, and therefore the feasibility consideration should also take into account implications that this change to the physical layer might have on the finalization of release-8.
2. Actions:

To RAN1, RAN4 groups
ACTION: 
RAN2 kindly asks RAN1, RAN4;

· To provide feedback on the feasibility of introducing without impact to the Rel-8 timeline, a set of new Physical Cell Identities (PCIs) to be used for CSG cells only and identify how many additional PCIs can be defined in this case; And to also assess the impact on the timeline and other specifications for example, RAN WG4 specs.

· If the introduction of a new set of PCIs for CSG only is considered not feasible, to comment on the possibility to reserve a number of existing PCIs (e.g. 50) for use only by CSG cells with the remaining PCIs being used for macrocells only. 
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