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1.
Introduction

With regards to the addition of CSG functionality for Release 8 UMTS, there seems to be some confusion on the baseline configuration of the network. The aim of this document is to try to explain the Vodafone view of this baseline configuration, and points out how the improvements for Release 8 would help to optimise the network.
2.
Discussion

2.1
Basic legacy assumptions for allowing UEs to find home cells
In Vodafone’s view, pre-Release 8 UEs need to be able to find home cells in existing networks and the owner/subscriber would like to preferentially camp on the home cell. 
This means that:

a) The broadcast channel needs to include information to allow the UE to find and synchronise to home cells.
b) When the Home cells are on a different carrier to the existing serving cell, UEs have to be given the opportunity to search that carrier. 

c) UEs need to be attracted to home cells, and once they are on them they should aim to stay there as long as is reasonable from a service perspective.

2.2
What does the above mean for the legacy system configuration?

2.2.1
Ensuring that legacy UEs find Home Cells
The above means that for  a) there is a need to broadcast scrambling codes for home cells in the neighbour cell list of the macro cells.
For  b), UEs would need to be triggered to make measurements on inter-frequency cells when there is deemed to be a Home cell nearby, given that in-bound handover will not work, so we cannot re-direct them when they enter the cell.
Which are the parameters that allow the flexibility for b)? 

It seems that the obvious methods are:

1) Method 1: Set Sintersearch and SsearchHCS to a higher value to allow to find home cells
2) Method 2: Use HCS, and set at least HCS_PRIO for the home cell as a high priority cell such that UEs will measure it.
2.2.2
Attracting legacy UEs to attempt to camp on home cells once they have found them

It is desirable to attract the UE towards the home cell both when it is on the same carrier as the current serving cell, and on a different carrier. The basic way to do this seems to be to make the cell re-selection parameters make the neighbouring home cell appear more attactive. It would seem that the obvious 2 methods of doing this are:

1) Set Qoffset parameters corresponding to neighbouring home cells that are broadcast in the intra-frequency and inter-frequency neighbour cell list of the serving cell such that the UE would rank the intra/inter-frequency home cell as the best cell when it is within reasonable coverage of this cell.

2) If HCS is used in the network, at least in the “same carrier” case, set Qhcs in the intra-frequency NCL in such a way as to attract the UE towards home cells. This may also be desirable for the inter-frequency list in the case that the inter-frequency home cell is sharing that carrier with other non-home cells.
2.2.3
Ensuring that allowed legacy UEs are able to stay camped on home cells (within reason)

Once the UE is camped on the home cell, there is the desire for it to stay camped on it for as long as it makes sense for the operation of the system. It would seem that the cell re-selection parameters: HCS_PRIO, Qhyst, Qhcs, Qoffset could all be applied by the home cell to do this.
It is important to clarify at this point, that as legacy UEs have no understanding of the home cell concept. This will mean that ALL legacy UEs follow the behaviour in sections 2.2.1 and 2.2.2 (at least for fully-closed access) and additionally 2.2.3 for at least semi-open access. 
Therefore in our view the basis of Release 8 optimisations is to try to prevent UEs that do not desire to camp on Home cells (either permanently or temporarily) from following this legacy UE behaviour.

2.3
Given the above assumption, what is the minimum we require from Release 8 for “fully-closed” access CSG?
Making the UE “CSG aware” in Release 8 gives the opportunity for UEs that are not subscribed to CSGs and do not desire to camp on CSG cells to know that they should NOT follow the legacy system configuration described in section 2.2. If they are not aware of this point, then UEs that DO NOT desire to camp on CSG cells would continue to follow these settings and would be autononmously searching for home cells quite frequently. Thus any of the currently-considered optimisations for Release 8 such as manual CSG selection (for UEs that DO desire to camp on CSG cells) will not have the intended effect on improving UE battery life for all other Release 8 UEs.

Proposal 1: In principle, it would seem that there needs to be the possibility to broadcast some indication of which legacy cell searching parameter settings are tuned for allowing UEs to find cells broadcasting their subscribed CSG. 
Once the UE has this information, does it need anything else?
Whether the Release 8 UE that does not desire to camp on CSG cells needs any other information to allow to improve its operation compared to that of legacy UEs depends on the parameters that have been optimised for home cell searching, and whether the specific parameter would have been tuned differently, or not used at all if it were not for home cell searching.
Referring back to the solutions provided in section 2.2.1 to cover the requirements in section 2.1, we can see that:

· Point a) is already covered if we provide the UE with a PSC reservation list to indicate which scrambling codes are dedicated for home cell camping. Whether this is signalled to the UE via LAU accept or via the broadcast channel is FFS.
· For point b):

· the HCS_PRIO method is covered if the UE ignores the highest priority layer for searching

(Note:Some modification of HCS_PRIO would be needed if we allow non-CSG UEs to camp on home cells (i.e. “semi-open” access))

· due to the Sintersearch and SsearchHCS parameters being common for all inter-frequency carriers, these would need to be tuned differently in order to ensure that the UE does not search unnecessarily
Proposal 2: As a minimum, there needs to be the possibility to broadcast a new “Sintersearch2” and “SsearchHCS2” parameter to a value that would be followed by the UEs that do not desire to camp on home cells, as well as an indication of which PSCs are reserved for home cells. (Note: The UEs that desire to camp on home cells would follow the R99 Sintersearch and SsearchHCS parameters).
How is section 2.2.2 and section 2.2.3 covered?
For “fully-closed” access cells, it is assumed that Release 8 UEs will never get to the stage where they consider the Home cell for ranking, because (assuming a set of scrambling codes is reserved for closed-access CSG cells) it is assumed that the UE that does not desire to camp on CSG cells will consider the cell “unsuitable” for camping, and hence not rank the cell. And even if they did consider the cell for ranking, they would eventually read the CSG ID and realise that they should not consider the cell as “suitable”.
2.4
How would the changes required by section 2.3 look according to the specifications?
This is shown in the attached update to TS25.304 v8.3.0 with the impacts from section 3 highlighted in yellow.
3.
What else would we need if we allowed non-CSG “Home cell aware” UEs to camp on CSG cells (i.e. if the cell was “semi-open” access?
3.1
Definition of semi-open access home cell

A semi-open access cell is similar to the current definition of a CSG cell, but there is a flag to indicate that other users may also access and gain normal service on the cell. This may be useful to partially overcome the interference issues caused by fully-closed CSG cells. 

The user subscribed to the CSG that is broadcast (CSG UE) may perform autonomous and manual cell selection/re-selection to this type of cell in the same way as specified for a CSG UE moving into a fully-closed CSG cell.

The user not subscribed to the broadcast CSG will basically behave as it would towards an open-access cell (described above), with a few exceptions:

· It would be useful for the Home Node B to be able to set an offset in the cell ranking such that the non-CSG UE (a UE not subscribed to the CSG that is broadcast on the referred cell) ranks the semi-open access cell with a slightly lower priority than it would with respect to normal cell re-selection parameters when deciding whether to move towards this cell.

· When the non-CSG UE is camped on the CSG cell, it would be useful to be able to set a similar offset such that the non-CSG UE moves off the cell earlier than it would with respect to the default cell re-selection parameters.

3.2
How do the measurement and re-selection requirements differ from fully-closed access?
The principle of the semi-open access cell is that the non-CSG UE should be allowed to camp on the CSG cell, but should not treat the CSG cell with the same level of priority as a CSG UE would treat the cell, both for searching and camping, and remaining on the cell when other cells are available. The difference in the level of priority for non-CSG UEs compared to CSG UEs would need to be configurable, as the main point is to prevent non-CSG UEs from blocking the CSG cell, or losing coverage altogether, and this depends on the cell situation.
3.2.1
Cell searching

For semi-open access, the intention is that the non-CSG UE would not consider the home cell broadasting the CSG as “closed”, and would instead treat the UE as something more like an operator-planned cell from a searching perspective. Hence the non-CSG UE would not attempt to re-select to cells with a scrambling code indicated by the “reserved PSC list” described in section 2.3 (although a 2nd PSC reservation list could be indicated for “non-closed” home cells), and the UE would follow the “Sintersearch2” and “SsearchHCS2” parameters for inter-frequency searching as described in section 2.3.
However, if HCS were used in the system, and if a higher priority were applied to home cells than the current serving cell such that CSG UEs would find the home cells broadcasting their CSG, it would not be enough for the non-CSG UE to ignore cells on this priority layer for searching, because non-CSG UEs should treat cells on this priority layer as suitable for re-selection. Hence instead of ignoring this layer, it would be desirable that the non-CSG UE applies a different HCS priority towards that cell. 
The most flexible way of doing this would be to broadcast a different “HCS_PRIO” value to non-CSG UEs such that they will not search for and attempt to camp on CSG cells with the same priority as CSG UEs.
Proposal 3: When HCS is used, there needs to be the possibility for the non-CSG UE to use a different HCS_PRIO setting towards a semi-open access CSG cell, and the possibility to indicate this via the parameter “HCS_PRIO2” to the non-CSG UE.
Proposal 4: Consider whether a PSC reservation index should be applied for “non-closed” home cells

3.2.2
“Semi-open” access cell ranking and re-selection

Unlike in the “fully-closed” access case, the UE without an “allowed CSG” list that finds the “semi-open” access cell should consider this cell “suitable” for cell re-selection. Therefore it will consider the cell for cell re-selection within the ranking criteria.

As described at the start of this section, in principle the non-CSG UE should not treat the semi-open access cell with the same level of priority as a CSG UE should treat a CSG cell broadcasting its CSG. 
However the problem here is that once the UE finds the cell, it would follow the methods described in section 2.2.2 and 2.2.3 when considering these cells for ranking both for re-selection to and from this cell. 
CSG cell as a neighbour cell

From section 2.2.2, considering the methods 1 and 2 for attracting UEs towards CSG cells, and bearing in mind that this applies for all legacy UEs, it would seem desirable that the Release 8 non-CSG UE is aware that:
· the legacy cell re-selection parameters configured with respect to the target cell are configured in such a way to attract UEs towards CSG cells, with the intention that those legacy and Release 8 UEs that are subscribed to the CSG will camp on it as a priority
· that for target CSG cells, the Release 8 non-CSG UE should apply a different level of Qoffset and/or Qhcs when deciding whether or not to camp on it
Due to some flexibility being useful (and because only the home cell can know how useful this is), it would be desirable that the UE reads any unique configuration of these new Qoffset and Qhcs settings from the target CSG cell broadcast channel directly. But the feasibility of this needs further discussion.

Proposal 5: The non-CSG Release 8 UE should be aware that it should not consider the legacy Qoffset/Qhcs parameter, and instead should apply different settings (Qoffset_nonCSG_n/Qhcs_nonCSG_n). Whether/how to signal this is FFS. The use of default values should not be ruled out.
Proposal 6: It should be possible for the target CSG cell itself to indicate any difference to the default settings of Qoffset_nonCSG_n/Qhcs_nonCSG_n via its own broadcast channel, and the non-CSG Release 8 UE should apply this for cell re-selection towards this CSG cell.
CSG cell as a serving cell
From section 2.2.3, it has been indicated that the legacy cell re-selection parameters: HCS_PRIO, Qhyst, and Qhcs could all be configured by the home cell in order to make the CSG UE prioritise the home cell. However, based on the fact that the non-CSG UE should not treat the cell with the same level of priority for camping, it may be desirable for the non-CSG UE not to follow these parameter settings, and instead indicate that it should use different settings, i.e. HCS_PRIO_nonCSG, Qhyst_nonCSG, and Qhcs_nonCSG..
Proposal 7: Consider further whether there is a need for the “semi-open” access Node B to configure its serving cell re-selection parameters described above to ensure they allow for non-CSG UEs to not treat the CSG cell with the same priority as CSG UEs.
The changes to the 25.304 caused by the proposals in section 3.2 are highlighted in green in the attached example CR.

3.2.3
Alternative approach to section 3.2.1 and 3.2.2
We should also consider that another way of doing this without any changes to the standards would be to allow the CSG cell to re-direct the non-CSG UE away from this cell at call setup should it wish to. The danger of this is that it would mean that all call setups effectively have an additional delay, as more signalling would be needed prior to data transfer.
4.
Other aspects to consider as part of “semi-open” access and open access

1) Ability to switch on and off autonomous searching within the UE

It is assumed that this is not needed for semi-open or open access initially.

2) Ability for manual cell re-selection towards semi-open access and open access cells

It is assumed that this is not needed.

3) Ability for the UE to prevent itself from camping on semi-open access or open access cells

It is assumed that this is not needed initially.

4) Ability to inform the UE that the cell is a CSG cell but is not closed (i.e. semi-open access)

This will need 1 additional bit in the system information of the home cell.

5.
Non-criticality of ASN.1 within Home cell specification

It would seem quite likely that given that most of the ASN.1 for home cells could be added as non-critical extensions. On that basis it would seem possible that we could allow the implementation of this for previous 3GPP Releases. The area where this may be a risk is the NAS signalling. The feasibility of defining the RRC updates needed by Home Node Bs in a way that means it could be implemented by UEs of earlier Releases should be considered further.

6.
NAS/AS functional split

The Vodafone assumption on the NAS/AS functional split for Home cell functionality is the following:

1. NAS indicates which CSG the UE should select in the case of manual selection of one of its subscribed CSGs. It would seem to be easiest to consider this process as somehow independent of the normal cell re-selection process if possible.
2. NAS indicates which list of CSGs the UE is subscribed to (the CSG whitelist) and AS makes an autonomous decision about which CSG within the list to actually select. However, autonomous re-selection towards a CSG cell will only occur if this is deemed to be the best cell for the UE.
3. A manual selection towards a CSG may take place if the cell is deemed to be suitable, but particularly on the shared carrier (CSG cell sharing the carrier with normal cells) case, there is a risk that the UE will re-select back to a cell that is not part of the CSG if that cell happens to be the best cell. Hence the use of manual selection in the intra-frequency case should be treated with care.

4. Specific measurement rules and ranking criteria for cell re-selection should be integrated within the existing cell re-selection process, and should not be separated.
The attached CR tries to address these points, and it is proposed to agree on the above points as a baseline for the specification for TS25.304.

7.
Proposal

It is proposed to consider and agree on the following issues discussed in this document:

1) In principle, it would seem that there needs to be the possibility to broadcast some indication of which legacy cell searching parameter settings are tuned for allowing UEs to find cells broadcasting their subscribed CSG. 
2) As a minimum, there needs to be the possibility to broadcast a new “Sintersearch2” and “SsearchHCS2” parameter to a value that would be followed by the UEs that do not desire to camp on home cells, as well as an indication of which PSCs are reserved for home cells. (Note: The UEs that desire to camp on home cells would follow the R99 Sintersearch and SsearchHCS parameters).
3) When HCS is used, there needs to be the possibility for the non-CSG UE to use a different HCS_PRIO setting towards a semi-open access CSG cell, and the possibility to indicate this via the parameter “HCS_PRIO2” to the non-CSG UE.

4) Consider whether a PSC reservation index should be applied for “non-closed” home cells

5) The non-CSG Release 8 UE should be aware that it should not consider the legacy Qoffset/Qhcs parameter, and instead should apply different settings (Qoffset_nonCSG_n/Qhcs_nonCSG_n). Whether/how to signal this is FFS. The use of default values should not be ruled out.

6) It should be possible for the target CSG cell itself to indicate any difference to the default settings of Qoffset_nonCSG_n/Qhcs_nonCSG_n via its own broadcast channel, and the non-CSG Release 8 UE should apply this for cell re-selection towards this CSG cell.

7) Consider further whether there is a need for the “semi-open” access Node B to configure its serving cell re-selection parameters described above to ensure they allow for non-CSG UEs to not treat the CSG cell with the same priority as CSG UEs.
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