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Discussion and decision
1 Introduction
The inbound mobility into CSG from UMTS and LTE has been discussed in email discussions [66#8] [1] and [66#9] [2]. These email discussions have narrowed down the possible solutions that contributing companies found feasible for the different uses cases. In this document the solution for the different uses are discussed further. 

As a general remark (and perhaps superfluous to mention) a solution is preferred that fits all use cases. Furthermore it is assumed that all possible voice scenarios, i.e. normal CS voice, VoIP and CS over HSPA (with and without CPC) need to be supported. 
All preferred solutions for intra-frequency/inter-frequency and UMTS/LTE entail that the UE reads the Cell Identity/CGI and CSG-ID of the target H(e)NB and performs preliminary access check based on the CSG-ID of the target H(e)NB. Only in case the CSG-ID of the target H(e)NB matches one of the CSG-IDs in the UEs "Allowed CSG list", the Cell Identity/CGI of the target H(e)NB is included in the measurement reporting to the network. This enables the network to perform final CSG access control, and trigger handover into CSG. 
Solutions
1.1 Intra-frequency UMTS
For the intra-frequency use case, there was a clear support for solution A-1 where the UE reads the Cell Identity of the target HNB without measurement gaps [3]. This solution enables an efficient UE implementation without impact on the quality of the ongoing voice call. 

1.2 Inter-frequency UMTS

For the inter-frequency (and inter-RAT) use case the preferred solution was less clear, i.e. solutions C-1, C-2, C-4, and C-5 were found feasible. 
1.2.1 C-1: UE reads Cell Identity without measurement gaps

In this solution the UE reads the Cell Identity of the target HNB without measurement gaps assigned by the network [4], [5].
An advantage of this solution is that it enables a UE implementation that minimizes the voice quality impact for MIB & SIB3/4 reading (compared to the case where more "rigid" measurement gaps are assigned by the network) [6]. 
To guarantee a certain performance across UE implementations, it needs to be investigated further, and eventually needs to be specified, which measurements gaps (frequency, length) the UE is allowed to steal from the voice transmissions. 
1.2.2 C-2: UE reads Cell Identity with measurement gaps

In this solution measurement gaps are assigned by the network, during which the UE can read MIB & SIB3/4 of the target HNB [7]. 
An advantage of this solution is that it can be a general solution for the inter-frequency and inter-RAT use cases for both UMTS and LTE. Furthermore a uniform performance across UE implementations is guaranteed. 
A possible disadvantage of this solution is that rather large measurement gaps are required, unless the MIB and SIB3 tailored measurement gaps are assigned, as outlined in [6]. To limit the impact on the Macro network to assign tailored measurement gaps, this type of network complexity is not preferred. 
1.2.3 C-4: HNB transmit beacon on Macro cell frequency
In this solution the HNB on frequency A transmits a beacon on the Macro cell frequency B, that enables the UE to read relevant system information of the HNB during intra-frequency measurements on the Macro cell frequency [8], [9], [10], [11]. 
The advantage of this solution is that the UE may read MIB & SIB3/4 during intra-frequency measurements on the Macro cell frequency without voice quality impact. 

A disadvantage of this solution is that it creates additional interference on the Macro cell frequency. Therefore it is proposed to ask RAN4 for guidance on this issue. 
Proposal 1: Ask RAN4 for guidance on the feasibility of this solution. 

1.2.4 C-5: Modified HNB beacon

In this "type of solution" the HNB transmits a new/modified beacon (on the HNB frequency) with the relevant system information to enable the UE to read the Cell Identity of the target HNB [12], [13]. A very simple variant of this "type of solution" is to reduce the SIB3/4 repetition period. The current SIB3 repetition period in live networks is typically 320 ms. The minimum SIB3/4 repetition period is 40 ms. which is sufficient to read SIB3/4 during CPC DRX periods of 60 ms or natural VoIP gaps, i.e. potentially no impact on voice quality. Furthermore the voice quality impact on normal CS voice is minimized. 
Proposal 2: Set the SIB3/4 repetition period of HNB to 40 ms to reduce voice quality impact during handover evaluation of target HNBs.
1.3 Intra-frequency LTE

There was a general consensus to consider reading MIB & SIB1 in Dedicated mode with and without measurement gaps assigned. 

During the email discussion on inbound mobility to CSG cell from LTE cell [2] a solution where the UE reads the MIB of the target H(e)NB during intra-frequency measurements was proposed [6]. The MIB may contain a for example 5-bit function of CGI and SFN. This identifier of the H(e)NB would be reported to the network to resolve the PCI confusion. 
This solution is not preferred for the following reasons:

· Solution may fail at (very) high H(e)NB densities

· UE complexity to support MIB reading in Dedicated mode

1.4 Inter-frequency LTE

There was a general consensus to focus further study on methods for reading MIB & SIB1 in Dedicated mode with and without measurement gaps assigned.
1.5 Trigger for handover evaluation into CSG
In all solutions for inbound mobility into CSG a trigger for the handover evaluation of target HNBs is needed. The handover evaluation phase triggers reading of the Cell Identity/CGI and CSG-ID in the SIB3/SIB1 of the target CSG cell. Dependent on the chosen solution this means that measurement gaps are assigned, or that autonomous measurements are triggered. Note that in case the Hybrid or CSG cell is listed in NCL in the UMTS Macro cell such a trigger is not needed, i.e. the Hybrid/CSG cell is treated as a normal cell. 
There is a cost involved by triggering handover evaluation into CSG, i.e. either by a potential voice quality impact, or by network impact (e.g. measurement gaps). To limit the impact of handover evaluation it is preferred that handover evaluation is only triggered when there is fingerprint info in the UE. 
The autonomous search function in the UE ensures that the fingerprint info is continuously updated while the UE is in Idle mode. Given the highly repetitive daily mobility patterns of subscribers, in between residential, work and public areas, the UE is expected to have accurate fingerprint information in 99% of the cases. To balance the impact of updating fingerprint info in Dedicated/Active mode against the rare events of active mode mobility into unvisited CSG cell, it is preferred to trigger handover evaluation into CSG based on fingerprint info in the UE.

Proposal 3: Handover evaluation into CSG is triggered when there is fingerprint info in the UE. 
1.6 Impact of CSG cells on non-member UEs on shared carrier
In RAN2#66 a potential issue with non-member CSG UEs and IFRI setting in CSG cells was discussed. A non-CSG member may experience interference from a CSG or cause interference to a CSG cell to which it is not a member. An LS has been sent to RAN4 for guidance on this issue [14]. It should be pointed out that this issue not only applies to LTE, but to UMTS as well. 
A similar scenario, although not related to IFRI, also applies to UEs in Dedicated/Active mode roaming towards the coverage area of a CSG cell, to which it is not a member. A potential problem arises when the CSG cell is on a mixed carrier.

[image: image1]
In this particular scenario, different solutions can be identified:

· Handover UE to Macro cell on another frequency
· RLF failure and re-establishment

Proposal 4: Send an LS to RAN4 for guidance on active mode mobility of non-member UEs in a mixed carrier scenario. 
1.7 Urgency of handover to HeNB

During the email discussion on inbound mobility to CSG cell from LTE cell [2] the urgency of handover into CSG was discussed. There was a general understanding that “coverage handover” and “service handover” use cases should be separated. 
There are no strong latency requirements on an inter-frequency service handover. However an intra-frequency service handover, intra-frequency coverage handover, and inter-frequency coverage handover may have stricter latency requirements. 

In case of intra-frequency coverage handover use case, handover to another macro cell frequency may be considered. 
Conclusion

RAN2 is kindly requested to discuss the issues with inbound mobility into CSG raised in this document. 
Proposal 1: Ask RAN4 for guidance on the feasibility of this solution. 

Proposal 2: Set the SIB3/4 repetition period of HNB to 40 ms to reduce voice quality impact during handover evaluation of target HNBs.
Proposal 3: Handover evaluation into CSG is triggered when there is fingerprint info in the UE. 

Proposal 4: Send an LS to RAN4 for guidance on active mode mobility of non-member UEs in a mixed carrier scenario. 
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