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1. Introduction
While there have been many papers discussing HeNB deployment, it is more urgent to study the HNB deployment. Evolved HNB deployment can be added  for Release 8, however, the support of legacy terminals is a requirement [2] and it is important to define a framework for home Node B deployment as this was never the focus of the standard in the past.

In this contribution, we show how restricted association can work for a basic deployment scenario which assumes an operator with only one frequency band and one PLMN ID. We then show what can be achieved if an additional frequency or an additional PLMN ID are available.

Furthermore, we show how introducing a Home Registration Area would be beneficial in optimizing the search for H(e)NBs. A Home Registration Area is where the UE’s H(e)NB is located. This behaviour can be added to existing networks using existing mechanisms.
The focus is to present a solution that works for legacy WCDMA system. We also present proposals for Release 8 WCDMA and LTE that help support H(e)NBs.
2. Basic Scenario and configuration
The basic scenario is defined by the restriction of having only one frequency carrier and one PLMN ID available for use by NBs and HNBs.
It is then assumed that each HNB has its own LAI (2 octets) and thus its own RAI. Since we only have 65536 LA IDs, a re-use scheme is needed for a successful deployment. The re-use scheme should be smart to minimize LAI conflict. For example, it can be based on uniqueness within a geographical area.  For this discussion we simply assume that the LAI of each HNB is locally unique and that conflicts do not arise.
A set of Gold Codes is reserved for the HNBs. The NB broadcasts these Gold Codes and other relevant neighbour cell information as it does for any other neighbour to facilitate the transition of UEs to their home NB. At setup, the HNB is assumed to pick or be configured with the optimal scrambling code from the reserved set. The procedure to do this is beyond the scope of this document.

The HNB is assumed to know (either directly, or indirectly through a UE or through configuration by the network) the macro NB information. The HNB will then inform the UE (through broadcast or dedicated channels) the Gold Codes and other information of the neighbouring macro NBs to facilitate the transition back to the macro NB.
3. Restricted Association for pre Release 7 WCDMA systems
3.1. One PLMN ID, One Frequency Deployment

When HNBs and NBs share the same PLMN ID, the side effects on legacy macro UEs are:

· Macro UEs will seek and find HNBs. They will attempt to register and fail at the NAS level creating core network load.
· The battery life of existing customers will be thus impacted.
· Macro UEs that find themselves under a HNB coverage, can not get service and will be constantly searching for a new system. This is the desired behaviour, but it accentuates the battery life impact on existing UEs.

3.1.1. URA_PCH/CELL_PCH/CELL_FACH states

3.1.1.1. UE entering a restricted HNB coverage
The UE will receive a location update reject message with the cause "Roaming not allowed in this location area" or "Location Area not allowed“. 

The UE adds this LAI to the “Forbidden LAs for roaming” list, and does not attempt to access this LAI as long as it is on the forbidden list.
Unfortunately,  the UE will also declare that frequency to be unsuitable for the next 300 seconds. But, if the UE does not find any other alternatives, “any limitation shall be removed”. 
Except for the frequency change, this is behaviour is desired for UEs close to their HNB. However it might impact the battery life of other macro UEs.
3.1.1.2. UE entering his own HNB coverage

The location update procedure is successful and the UE will be able to get service.
3.1.1.3. Exiting a serving HNB coverage
The assumptions is that the UE enters the macro network. The location update procedure is successful and the UE will be able to get service.

3.1.2. CELL_DCH state
3.1.2.1. Entering a HNB
Any UE entering into any HNB coverage will report event 1A with the primary scrambling code from the reserved HNB scrambling code set.

There is no way to identify the HNB based on its scrambling code because we assume the scrambling codes reserved for HNBs are heavily reused. The call might drop.
3.1.2.2. Exiting a HNB 

Any UE entering into any NB coverage will report event 1A with the primary scrambling code of the macro HNB. Depending on the network capabilities, the UE can be ordered to do a Hard handoff or a Frequency Redirection and Re-Establishment.
3.2. Multiple PLMN IDs, One Frequency Deployment

The availability of multiple PLMN IDs allows the use of “Home Registration Area” which is detailed in 3.5. Every PLMN ID adds 65K LAIs, reducing collisions in the LAI space. 

By putting all the HNB’s on a forbidden PLMN, macro UEs can be barred from accessing the HNBs . This alleviates the battery impact on the UEs as it avoids exchanges that are doomed to fail.
3.3. One PLMN ID, Multiple Frequencies Deployment

If a second frequency is available, one frequency could be for macro cells only, while the second one could be dedicated for HNBs or shared between NBs and HNBs. 

When a UE witnesses interference from a HNB, the network has the option to move this UE to the second frequency.
For UEs leaving a HNB coverage, the HNB can decide when to send the NB away with:

· Compressed mode. If done very infrequently, this is acceptable. However, it reduces the time the UE is able to send/receive data.
· Estimate a fixed Ec/No or RSCP level at which the UE needs to be sent away, or at which compressed mode is requested.
· Monotonically dropping HNB coverage. The long term trend of the HNB signal strength at the UE might be a good indicator to transition to the macro network.
3.4. Multiple PLMN IDs and Frequencies Deployment

In this scenario, Macro UEs can be prevented from monitoring the femtocell frequency. This is the best scenario for interference avoidance as well.
Additionally, it is possible to define a Home Registration Area which is detailed in 3.5.

3.5. Home Registration Area

A Home Registration Area is where the UE is in vicinity of a H(e)NB that would provide him service.

This can be done by memorizing, at the time of service, the UE position location, the HNB position location, a WLAN ID, the UE registration area. Alternatively, the search could be initiated by the users .

If the UE understands the Home Registration Area concept, it can keep track of the macro network location(s) where it should look for its HNB(s). When the UE determines it is in the vicinity of the HNB, it can search for HNBs more frequently.
On the other hand, the network could toggle the behaviour of the UE based on its knowledge of where the UE is in relative to his H(e)NB.

3.5.1.1. Multiple Frequencies and Multiple PLMN IDs available

The Home Registration Area is defined as the collection of Registration Areas (LAI and RAI) co-located with an authorized HNB. A UE may have multiple Home Registration Areas in the same network. 

Outside the Home Registration Area the UE is allowed to camp on the macro network only (by virture of the PLMN ID). It ignores the frequency where the HNBs are deployed.

Inside the Home Registration Area the UE is given a second PLMN and its associated frequency as equivalent PLMN. The UE will then start looking for HNBs in the dedicated frequency for HNBs.

This intelligence can be added in the network with a software change. Whenever the UE enters/leaves its “Home Registration Area”, the equivalent PLMN is sent to the phone in MM:LOCATION_UPDATE_ACCEPT [4].
Benefits of the Home Registration Area:

· Avoids most of the battery life on UEs

· Avoids most of the added load on the core network

· Deployable with a software upgrade and backward compatible.

· Minimizes the impact of LAI reuse

3.5.1.1.1. UE allowed to access a HNB

Outside the Home Registration Area, the UE will not attempt to access any HNB.
Within the Home Registration Area, the UE might attempt to access its neighbor femtocells:

· The UE will receives a location update reject message with the cause "Roaming not allowed in this location area" or with the cause "Location Area not allowed“. 
· The UE adds LAI to “Forbidden LAs for roaming” list.

· The UE will try to find service on another frequency.

Finally, when the UE attempts to access an authorized HNB, the Location update is accepted.
3.5.1.1.2. Macro only UEs

These UEs will not attempt to access femtocells because they are on a forbidden PLMN. 

3.5.1.2. One Frequency and Multiple PLMN IDs available

The Home Registration Area can still work for a deployment where all the HNBs and HBs are on the same frequency. The side effect of UEs being rejected and going to other frequencies is the same as without the Home Registration Area concept. However, the UE will avoid to perform the access and location update procedures on a large number of HNBs.
4. Release 8 WCDMA & LTE
4.1. LTE agreements

The current agreements for LTE CSG support are summarized in [3] based on discussions in Athens:

1. The NAS provides the UE with a “white list” of CSG TAs identifying the CSG networks the UE has access to. The white list is stored in UE’s memory and used by the UE to access its CSG network(s).

2. A CSG cell indicates on BCCH that it is a “CSG cell” (1 bit indicator), i.e. access restricted. For the UE to be able to access such a CSG cell, it has to match the CSG TA broadcast by the cell with one of the CSG TAs of its white list.

3. The CSG TAs are of fixed size, have a larger number of bits than the macro TAs and are independent from the macro TA. The 1 bit indicator on the BCCH mentioned above, indicates whether the TA of the cell is a CSG TA or a macro TA. 
4.2. Proposals for Release 8 WCDMA and LTE
4.2.1. Allow the UE to camp on the best cell that will accept his Location Update in Release 8 WCDMA and LTE
If the highest ranked cell is an intra-frequency or inter-frequency cell which is not suitable due to being part of the "list of forbidden LAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, and if the UE cannot find service on any other frequency, the UE shall consider other cells on the same frequency with different LAI as candidates for reselection, in the order of their received quality.
4.2.2. Configure/Save the HNB scrambling code in Release 8 WCDMA
If the UE knows (by virtue of configuration or by memory from last time it acquired service) the scrambling code(s) of the HNB(s) where it is authorized to receive service, the UE can avoid monitoring and/or accessing the HNBs which are restricted. 

While not solving the problem completely, this knowledge can minimize the battery loss.
The UE could still scan for other scrambling codes infrequently to cover the cases where the HNB’s scrambling code changes or when multiple HNBs can serve this UE.
4.2.3. Add a CSG flag in Release 8 WCDMA

This is similar to what was already approved for LTE. 

A HNB indicates on BCCH that it is a “CSG cell” (1 bit indicator), i.e. access restricted. For the UE to be able to access such a CSG cell, it has to match the CSG TA broadcast by the cell with one of the CSG TAs of its white list.

4.2.4. Add White List support in Release 8 WCDMA

This is similar to what was approved for LTE. 

The NAS provides the UE with a “white list” of CSG TAs identifying the CSG networks the UE has access to. The white list is stored in UE’s memory and used by the UE to access its CSG network(s).

4.2.5. Add a CSG ID in Release 8 WCDMA

This is similar to what was approved for LTE. 

In LTE, the CSG TA IDs are of fixed size, larger than the number of bits of the macro TAs and independent from the macro TA. The 1 bit indicator on the BCCH mentioned above, indicates whether the TA of the cell is a CSG TA or a macro TA.
For WCDMA, a CSG ID in addition to the LAI is needed. The LAIs are still needed to manage the access of legacy UEs. The CSG ID is preferred to be a separate new ID, with its separate space.
4.2.6. Add Home Registration Area support in Release 8 WCDMA and LTE
Introduce the Home Registration Area concept for Rel 8. The UE’s knowledge that he is in his Home Registration Area could either come from the network or by learning. 

If the UE understands this concept, it can keep track of the macro network location(s) where it should look for its HNB(s). This can be done by memorizing the HNB position location, its WLAN ID, the UE registration area at the time of service. Alternatively, the search could be initiated by the users .

When the UE determines it is in the vicinity of the HNB, it can search for HNBs more frequently.

5. Conclusion

The good news is that any legacy UE can be made to access any HNB. 
The bad news is that any legacy UE can attempt to access any HNB, if all (H)NBs are sharing the same PLMN or frequency. This impacts the core network load and the UEs battery life.
Finally, we made 6 proposals:
1.
Allow the UE to camp on the best cell that will accept his Location Update in Release 8 WCDMA and LTE
2.
Configure/Save the HNB scrambling code in Release 8 WCDMA
3.
Add a CSG flag in Release 8 WCDMA

4.
Add White List support in Release 8 WCDMA

5.
Add a CSG ID in Release 8 WCDMA

6.
Add Home Registration Area support in Release 8 WCDMA and LTE
Qualcomm agrees to bring text proposals for the approved concepts.
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