3GPP TSG-RAN WG2 Meeting #61bis
R2-081735
Shenzhen, China

31 March – 4 April 2008
Agenda item:

4.7.2
Source:
Nokia Corporation, Nokia Siemens Networks
Title:
Simple CSG for REL8
Document for:

Discussion and Decision

1
Introduction
In this paper we would like address the CSG topic more on a detailed level by proposing minimum set of features to support efficient REL8 CSG procedure. Looking more into the possible functional solutions and having finally a proposal for basic CSG support.
2
General considerations
In this section we will look at some basic preferences concerning CSG and how the UE may deduct CSG information from cells.

Intra-frequency neighbour cell list is optional and we do not see it very likely that even if present it would include CSG information. This is of course an option - however, as CSG information might be quite dynamic (e.g CSG cells may change position), broadcasting CSG information in the macro cell is not seen attractive. But on the other hand co-channel deployment of CSG a range of P-SCH and/or S-SCH identities reserved for CSG cell will help the UE to know already at the point of cell identification (and without need for P-BCH/SU-1 reading) whether an identified cell is CSG or not. Knowledge about reserved range could be broadcasted in system information of the serving cell or maybe preferably fixed in the specifications [5]. Reserving a range of P-SCH identities for CSG cells also avoids the possible painstaking allocation of P-SCH coordination between CSG and macro layer but still P-SCH coordination between CSG cells and CSG cells and macro layer need to be taken into account if the number P-SCH codes is not fixed in the standards. Reserving P-SCH codes also makes PLMN search faster as UE may omit PLMN searches on such carrier frequencies/cells that are indicated to include CSG cells and UE has an empty whitelist. 
For inter-frequency case there will be a neighbour list available at least listing a frequency. If the frequency layer is reserved for CSG usage then this information could be given together with the neighbour cell list. This will ease need for gap assisted measurements (assuming that not every UE has been registered to CSG cell) as UE’s not subscribed to CSG (i.e. UE has no whitelist) can omit measuring this frequency. 
If indication in the neighbour list (for dedicated frequency deployment) or a range of P-SCH’s is not reserved for CSG, the UE will need to read P-BCH from neighbour cell. P-BCH will then indicate CSG status of the cell. But as it has been concluded already that for normal (non-CSG) mobility in RRC-CONNECTED mode there is no need for UE to read P-BCH of neighbour cells we see it highly undesirable to introduce this feature due to CSG mobility especially when taking the SA requirement into account: “The reselection should balance battery power consumption against performance but shall have comparable performance to a cell reselection between two non-CSG cells where no neighbour cell information is provided by the network.” [2].
If UE does not have CSG subscription (i.e. it has no whitelist assigned) the UE may stop further reading on cells indicating being CSG cells, and stop further measurements on such cells. 
If UE has CSG subscription (i.e. UE has a whitelist assigned) the UE will to measure the identified cell in order to read CSG idenity of the cell. If the cells CSG identity matches an entry in the whitelist the UE may use the cell as a mobility candidate. If the CSG identity of the cell does not match an entry in the whitelist the UE may not use the cell as mobility candidate.

Proposal 1 : We propose to support the use of a range of reserved P/S-SCH for CSG cells if co-channel deployments of CSG cells is to be supported.

Proposal 2 : If CSG is on separate frequency this should be indicated in neighbour list in order to reduce unecessary UE measurements.

3
Mobility
This section will discuss different options on how the CSG mobility could be supported. First we look at the idle mode case followed by RRC-CONNECTED mode.
3.1
Idle Mode Mobility
Idle mode mobility and CSG are not restricted in the sense of reading neighbour cell system information due to possible ongoing data transfer. Restrictions or limitations are instead related to the UE power consumption and cell coverage of D-BCH.
If combined with some improvements (e.g. UE memorizing CSG location, possible support from EPC to trigger the CSG cell search, manual or automatic whitelist search, user defined search, disabling search etc.) the impact of supporting CSG may be limited in the sense of UE standby times.
When considering reselection towards CSG frequency layer (from non-CSG) this reselection could simply follow normal macro layer mobility rules. Such a layer would be given highest priority in the broadcasted parameters or in dedicated priority configuration - as already suggest in [3] to fulfil SA requirements - and there should be also broadcasted other reselection parameters for that layer (e.g. high threshold) or default parameters are defined. It should be noted that only one set of parameters should be enough in the system information and no cell specific information is required. Additionally UE will check suitability of the CSG cell against its whitelist i.e. prior to camping on the cell the UE checks the CSG identity broadcasted in the cell against its whitelist. If the broadcasted CSG identity is included in the whitelist the UE may use the CSG cell for mobility.  
Mobility toward co-channel deployed CSG cells then  needs to also rely on normal mobility rules as the intra-frequency reselections are based on the best radio principle in order to avoid interference – If UE would select a cell that is not best on radio level it would mean lots of interference to macro cells. Additionally it could be argued if it is even possible to have consecutive coverage from macro to CSG cell in case of co-channel deployments due to this interference problem. 

When considering the SA requirement: “The reselection should balance battery power consumption against performance but shall have comparable performance to a cell reselection between two non-CSG cells where no neighbour cell information is provided by the network.” [2] we think that only feasible approach is to allow UE to do some optimizations. e.g. UEs could use some location information to decide when to look for CSG cells. It should be noted that this may cause some error scenarios if location information (e.g. TAid of macro cell) memorized has changed- although we consider this to happen very seldomly. Nevertheless these scenarios could always be solved by manual CSG cell selection or by periodic CSG search. This should then allow UE to avoid looking for CSG cells all the time, while still enabling good mobility with possible power optimizations and without any additional signalling to support it..
Considering reselection from CSG to non-CSG cells this could be similar to reselection on macro layer cells. Knowledge of macro cells is received from neighbour cell list from the CSG cell. Current text in 3GPP assumes that the CSG cell has full neighbour list information about macro layer cells. Requirements for this case could be equivalent to normal macro layer mobility.
Proposal 3: Mobility towards CSG cells is based on normal mobility rules and all parameters are broadcasted in the BCCH. UE that does not have any CSG ID in the whitelist do not consider CSG layer for mobility.
Proposal 4:. UEs are allowed to implement mechanisms to avoid checking of CSG ID from all CSG cells. There is no need for signalling mechanism in supporting UE autonomous search procedure.
Proposal 5: Mobility from CSG to non-CSG is based on normal mobility rules / system information
3.2
Active Mode Mobility
Mobility in RRC-CONNECTED mode and CSG cells are done via handovers. This is accomplished by UE reporting CSG cells. To keep the impact from CSG handover scenarios at a minimum we prefer to re-use already defined handover procedure applicable for non-CSG cells. But we still recognise that active mode is more complex than idle mode. In order not to introduce additional complexity in form of special gap patterns for reading SU-1 we propose to use active mode DRX as means and rule for when UE reads broadcast information for obtaining CSG identity. If DRX interval is longer than X and broadcast information distribution is shorter than available DRX gap UE can read the CSG identity without interrupting data transmission (meaning no data loss due to UE autonomous broadcast information reading). This way there would not be need for special measurement gaps and requests from the UE side, but downside is that mobility towards CSG would not be possible during heavy data transmission. 
Then the detailed impacts of reading neighbour cell CSG identity from neighbour cell’s broadcast information during RRC-CONNECTED mode are analysed:
1. If UE has CSG subscription (i.e. has whitelist) and the identified cell is CSG cell, then the UE will have to read further information from the cell. We propose that the means for enabling the UE to recognise that a cell is a CSG cell are similar in both RRC-CONNECTED and RRC_IDLE i.e. by means of reserved range of PHY-ID’s, or by using dedicated frequency layer indicating this in neighbour cell list. It should be noted that UE would need idle period even for finding PHY CID of the CSG cell, when it resides on different carrier frequency. 
2. UE will only read CSG identity of a neighbour cell when there are suitable idle periods provided. 
a. UEs may do some limitations when they try to read CSG identity e.g. UE only reads CSG identity from cells which PHY-ID matches an entry in its whitelist. Problem with these kinds of optimizations is that if CSG cell configuration changes then UE will “never” find such a cell. But UE would recover from error cases either by user manually selecting CSG cell or periodically searching for CSG cells (e.g. once very 10 minutes). If at CSG cell configuration change there would be indication to the UE about configuration change then UE could utilize that information. 
b. And a UE that does not have a whitelist (i.e. no CSG subscription) will not even try to read CSG information neighbour CSG cells. .

3. When UE has successfully read the CSG information it will report the CSG cell in a measurement report. We propose to same or similar measurement report format as for non-CSG cell reporting potentially including some additional information such as CSG idenity (and possible match indication

4. The network may after receiving the measurement report perform suitable actions, including handover, whitelist update etc, based on the information received in the measurement report

3.2.1 Idle Period Provision

Firstly enabling UE to even find synchronization to inter-frequency CSG cells it would need idle periods. But before this topic is considered we should also think about neighbour cell’s broadcast information reading as it will be much more complex and without CSG identity information UE is not anyway able to do mobility towards CSG cells. Big question is that how is UE able to read neighbour cell’s broadcast information (containing CSG identity) from CSG mobility candidate as it would require far greater idle periods than normal measurement gaps can provide and what is needed for PHY CID reading. Simple solution would be to let NW to ensure enough gaps by scheduling i.e. whenever UE has natural gaps then UE would be able to measure/read neighbour cell’s broadcast information. This would then mean that UE would not be able to check CSG identities unless it has a idle period in the data transmission . For user this may not always be optimal but UE would anyway be able to handovered to CSG cell when there is a pause in transmission. But e.g. during VoIP it is rather impossible to define gaps so that UE would be able to read neighbour cell’s broadcast information as the VoIP packets arrive at 20ms interval and SIB1 periodicity is 80ms. Thus it seems that simplest and most robust approach is to rely that UE has been configured DRX long enough to read D-BCH
Additionally problem for the DRX usage is that if manual CSG selection is started in RRC_CONNECTED mode while UE is still in heavy transmission, listing of all CSG candidates would take quite a long time. But it should be questioned that if manual CSG selection is handled similarly to manual PLMN selection i.e. there is no possibility to have data transmission ongoing during manual selection e.g. by informing user about the transmission and impossibility of the manual search.. 
Based on above we propose to use natural gaps from the DRX patterns as means for reading CSG information from neighbour cells as this significantly reduces both UE and eNB complexity as well as the data transfer impact and enable still in time delivery of  REL8. If this can be adopted as a baseline for CSG mobility then it would speed up REL8 CSG completion significantly as there would not be need to define any special gap patterns for CSG purposes. And if no special signalling for measurement gap requests/indications is considered necessary (limiting mobility in cases of short DRX e.g. VoIP), only thing that would need specifying is the minimum DRX time during which time UE should be able to read CSG identity – Currently SIB1 repetition rate is 80ms and simple solutions would be to not dictate CSG mobility unless DRX is at least 80ms (assuming that CSG identity is in SU-1). Requirement how fast UE is supposed to do neighbour cell’s broadcast information reading for CSG cells could be left unspecified similarly to idle mode behaviour.
Proposal 6: Cell identification and measurements of inter-frequency CSG cells can be performed if UE has been allocated measurement gaps. There will be no separate request procedure for gaps for CSG purposes.

Proposal 7: CSG ID reading is only done by the UE when there are sufficient natural gaps in the data transfer (e.g. DRX is at least 80ms). Reading is done based on UE autonomous procedure i.e. UEs can do internal optimizations to avoid finding/reading CSG cells. 
Proposal 8: Do not specify requirements for CSG ID reading
3.3
Considering Measurement Reporting
Concerning reporting of CSG cells we have identified a possible need for the UE to able to include more information than what is included for non-CSG cells. Despite this it should be possible to report also CSG cells using the measurement report used also reporting non-CSG cells by adding some additional optional fields or perhaps a new IE. 

As mentioned above the additional CSG information could be the CSG identity of the cell – to us the simplest approach would be to utilize same method for both ANR and CSG reporting as it seems that ANR [4] requires anyway reporting of GCID. If it could be concluded that GCID also includes CSG id then there would not be any special needs for CSG reporting in addition of those of ANR reporting.
Proposal 9: Reuse ANR reporting scheme of GCID for CSG – Means that all elements of CSG id needs to be included in the GCID of E-UTRAN cells

4
Conclusion
In order to ensure a well functioning mobility between CSG and non-CSG cells taking UE power considerations into account we propose following:

Proposal 1 : We propose to support the use of a range of reserved P/S-SCH for CSG cells if co-channel deployments of CSG cells is to be supported.

Proposal 2 : If CSG is on separate frequency this should be indicated in neighbour list in order to reduce unecessary UE measurements.

Proposal 3: Mobility towards CSG cells is based on normal mobility rules and all parameters are broadcasted in the BCCH. UE that does not have any CSG ID in the whitelist do not consider CSG layer for mobility.

Proposal 4:. UEs are allowed to implement mechanisms to avoid checking of CSG ID from all CSG cells. There is no need for signalling mechanism in supporting UE autonomous search procedure.
Proposal 5: Mobility from CSG to non-CSG is based on normal mobility rules / system information
Proposal 6: Cell identification and measurements of inter-frequency CSG cells can be performed if UE has been allocated measurement gaps. There will be no separate request procedure for gaps for CSG purposes.
Proposal 7: CSG ID reading is only done by the UE when there are sufficient natural gaps in the data transfer (e.g. DRX is at least 80ms). Reading is done based on UE autonomous procedure i.e. UEs can do internal optimizations to avoid finding/reading CSG cells. 

Proposal 8: Do not specify requirements for CSG ID reading

Proposal 9: Reuse ANR reporting scheme of GCID for CSG – Means that all elements of CSG id needs to be included in the GCID of E-UTRAN cells
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