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Abstract of the contribution:

This contribution targets remaining open issues concerning hybrid mode of H(e)NB, and relative solutions
1. Introduction
For hybrid mode of HeNB, there are two open issues left: one is preferred resource allocation for CSG members by H(e)NBs that operate in hybrid mode, the other is diversion of non-CSG member from a CSG cell if the resources of the Hybrid HeNB are too constrained. In order to satisfy SA1 requirement, it is suggested to find out the optimized solution for satisfy both requirements from SA1.
2. Discussion
For requirement 1: In hybrid access mode when services cannot be provided to a CSG member due to a shortage of H(e)NB resources it shall be possible for established communication of non-CSG members via a CSG cell to be diverted from the CSG cell.

For requirement 1, there are some problems:

· HeNB doesn't have the allowed CSG list for UE, only MME knows the accessing UE is CSG member or not.

· MME doesn't know the resource status of HeNB in real-time.

There are 2 potential solutions for fixing the problems.

Solution 1: MME shall inform the HeNB, the accessing UE is CSG member or non-CSG in S1-AP. HeNB updates its context information.

Solution 2: HeNB informs the MME the load status in S1-AP when there is new service activated.

However, the two potential solutions impact the current procedures in different level respectively. It is suggested to assess the different scenarios one by one, including, UE initial attach to the network/MO call flows, inbound handover, MT call flows.

For solution 1:

For initial Attach UE or UE initiating service request, HeNB can obtain an indicator from MME in S1-AP to indicate the UE is a CSG member or not. Then the HeNB would update its context for the accessing UE. If resources of the HeNB have diminished to a critical level, then the HeNB could trigger HO directly, to divert a non-CSG member from the CSG cell.

However, for inbound HO solution 1 has problems. When the target MME receives a HO request message, the target MME doesn't know if the handing-in UE is a CSG member or not. So, the target MME needs a new mechanism to become updated by the current HO procedure as the MME requires the handing-in UE's membership.

For solution 2:

In inbound HO, when source MME gets the load status indicator from HeNB via HO request ACK message and this message includes a CSG ID, then the source MME can cause the the HO procedure to fail. The UE can re-select another cell to perform HO. There is no impact to current HO procedure and no new message introduced.
However, for the initial attach case or MO call flows, the solution 2 will introduce a new message in order for the MME to inform the HeNB to trigger HO as a result of the MME receiving the load status (e.g. high) from HeNB.
For requirement 2: In a H(e)NB in hybrid access mode, to minimise the impact of non-CSG established communication on CSG members, it shall be possible for the network to allow the data rate of established PS communication of non-CSG members to be reduced.
There are two potential solutions to the above requirement.

For Qos scheduling, there are two cases for deployment:

Case 1 static Qos deployment: The PGW has pre-configured priority for CSG and non CSG members. There is no need to update any uplink signalling from HeNB to MME, MME to PGW.

Case 2 dynamic Qos deployment: The HeNB reports load status to the MME, if the Qos shall be modified. The MME signals this condition to the PDN GW. The PGW triggers a bearer modification procedure.

For the single case 1, it cannot satisfy the requirement 2, although PGW could preconfigure a priority favoring CSG members over non-CSG members. The EPC cannot adjust the QoS policy for the different accessing UEs in HeNB via solution 1 only.

The following table try to analysis both solutions
	
	Impact MO call flows
	Impact inbound HO
	Impact MT call flows
	Satisfy requirement 1
	Satisfy requirement 2

	Solution 1
	No new message introduced
	New message introduced
	No new message introduced
	Yes
	No supporting dynamic Qos update

	Solution 2
	New message introduced
	No new message introduced
	New message introduced
	yes
	yes


Although solution 2 could satisfy both requirements, it impacts more current procedures. The solution 1 is more conservative, but it cannot satisfy requirement 2.

Therefore, it is suggested to combine both solutions into one optimized solution for satisfy both requirements and try to avoid impact current procedures for different scenarios. So it is suggested:

· HeNB report load status to MME when the new service activated from UE to trigger HeNB closing to the load budget.

· Upon initial UE context setup, add an indicator from MME to HeNB to inform the HeNB that the accessing UE is CSG member or non-CSG member.
3. Proposal
#first change#
6.3.2
Architectural issue – Diversion of established communications
6.3.2.1
Description
It shall be possible to divert established communications via a CSG cell to a non-CSG cell. This procedure is applicable in the following cases:

-
in hybrid access mode, when services cannot be provided to a CSG member due to a shortage of HNB/HeNB resources

-
at the expiry of the time period for temporary CSG members

6.3.2.2
Solutions
6.3.2.2.1
Solution 1
When the time period expires, the temporary member is no longer allowed to access the operator's network via the current CSG cell. The temporary member may however still be permitted to access the operator's network via a non-CSG cell. In order to assure continuity of the established communications, when the time period expires it shall be possible to invoke a handover procedure to move the established communications to a permissible cell. 

Similarly, for the hybrid access mode, it shall be possible to perform a handover from the CSG cell in use by a non CSG member to a non-CSG cell. 
6.3.2.2.2
Solution 2

If the UE is in connected mode at the CSG cell for which the timer expires, the following procedures are proposed:

-
The MME, MSC/VLR or SGSN should communicate the expiry time to the CSG cell when the UE connects to that CSG cell 

-
The CSG cell should try to handover the UE to a suitable cell before the timer expires. 

NOTE:
In Rel-9 the CSG cell may also find a CSG cell for another suitable CSG to handover the UE to as well.
-
If the CSG cell cannot handover the UE, then the MME shall perform a S1 Release procedure when the timer expires. An equivalent procedure may be performed by the MSC/VLR or SGSN. In this case the UE will go to idle mode, remove the CSG ID from the User CSG list if present and access at another suitable cell if possible.

6.2.2.2.x 
Solution x

When the UE accesses a hybrid HeNB, the MME can get access mode and CSG ID from HeNB in S1-AP message, MME can know UE is CSG member or not based on stored CSG list. MME sends UE membership indication to HeNB. HeNB can update its context. HeNB can divert NON CSG member due to the shorage of HeNB resources.

6.2.2.2.y          Solution y

When UE accessing the hybrid HeNB, MME can get access mode and CSG ID from HeNB in S1-AP message, MME can know UE is CSG member or not based on stored CSG list. HeNB sends its load status information to MME when it is closing the overload status. MME can decide whether to divert this UE or not, by either trigger HO percedure to divert NONCSG member from CSG cell, or release S1 connection.
6.3.2.3
Evaluation
#end of first change
#second change#
6.3.7.2.2
Sub-Issue 2 – Admission control and rate control for hybrid access mode
6.3.7.2.2.1
Description

If a HNB/HeNB operates in hybrid access mode, to minimise the impact on CSG members of communications established by non-CSG members, it shall be possible for the network to reduce the data rate of established PS communication of non-CSG members. It shall also be possible for the network to follow different admission control policies for CSG and non-CSG members.
The preferred resource allocation for CSG members by hybrid mode H(e)NBs does not require any enhancements of the signalling between UE and network. The mobility management procedures are not affected by it. 

6.3.7.2.2.2
Solutions

6.3.7.2.2.2.1
Solution 1
As CSG related access control are performed in MME/SGSN/MSC, it is appropriate for the MME/SGSN/MSC to use different admission control thresholds for CSG and non-CSG members when the CSG operates in hybrid mode and to be capable of reducing data rate of PS communication established by non-CSG members.
6.3.7.2.2.2.2
Solution 2
When the UE context is established in the H(e)NB, the MME, SGSN or MSC provides an indication to the H(e)NB whether the UE is a CSG member or not. Based on this information the H(e)NB performs differentiated admission control and rate control for CSG and non-CSG members.
Any additional information for differentiated handling of CSG and non-CSG members (i.e. admission thresholds and AMBR-like thresholds for non-CSG members) is configured locally in the H(e)NB per operator policy.  

In case of changes of the CSG membership status (e.g. expiry of temporary CSG membership), it should be possible for the Core Network node to convey this change to the H(e)NB dynamically.
6.3.7.2.2.2.x
      Solution x
The HeNB/HeNB GW reports HeNB load status to the MME in an UL S1-AP message when there is a new service activated by UE or the UE hands in to the HeNB. The MME shall inform the HeNB whether the accessing UE is a CSG member or not. After the HeNB receives the indication from the MME, the HeNB shall update its context to retain the UE’s membership.

To report load status of the HeNB to MME, this solution is optimized for the inbound handover case: when the MME knows the UE handing in to the hybrid HeNB. In the handover preparation procedure, the MME could know if the UE is a CSG member or not via get the access mode and stored Allowed CSG list. When the MME obtains the load status of the HeNB, the MME can decide to divert the UE to another CSG cell via sending a HO message to the HeNB, or the MME can release the S1 to force the UE to re-select another suitable cell or the MME can decide to release part of the bearers locally. This realizes the requirement to selectively divert non-CSG member.

In order to minimize the impact on the CSG member, when the HeNB reports its load status to MME, the MME could pass the information to PGW. The PGW can dynamically update the QoS for the non-CSG member. If a QoS update is needed, the PGW will trigger bearer modification. This can be utilized for all scenarios, including inbound handover to hybrid HeNB or activating a new service for UE in hybrid HeNB. This realizes the requirement of resource allocation for different members.The MME may send a CSG or non-CSG member indication to the HeNB. This solution is optimized for the case of UE attaching to the network or UE requesting a new service. When the UE accesses from a hybrid HeNB, the MME knows that the UE is a CSG member or a non-CSG member based on the allowed CSG list. The MME can send an indication to HeNB, so that HeNB can directly divert a UE from a CSG cell via triggering handover procedure.

Solution x satisfies both requirements from SA1.

6.3.7.2.2.3
Evaluation
6.3.7.2.3
Sub-Issue 3 – Indicating the access mode to other network entities

6.3.7.2.3.1
Description

Network entities use the CSG ID of the CSG cell to perform operations like access control at a CSG cell. The network entity performing these operations are already required to know the CSG ID of the H(e)NB to function correctly. What needs to be understood is how the access mode is also communicated to these entities?
6.3.7.2.3.2
Solutions

6.3.7.2.3.2.1
Solution 1: Indicating the access mode to other network entities
Network entities use the CSG ID of the CSG cell to perform operations like access control and paging optimization for the CSG cell. The network entity performing these operations is already required to know the CSG ID of the H(e)NB to function correctly.

If the access mode (closed/hybrid/open) is communicated along with the CSG ID, then the network entity will know how to treat the H(e)NB appropriately. A H(e)NB in open access mode does not have a CSG ID and only needs to communicate the access mode.

For example, for performing access control, the network entity will know whether to check if the CSG ID of the H(e)NB is in the UE’s subscription data based on the reported mode of the H(e)NB. For closed mode the network entity needs to perform access control based on the CSG ID, while for open or hybrid access mode this check is not needed.

H(e)NB adds the H(e)NB access mode together with the CSG ID of the current CSG cell in RANAP/S1-AP signalling when UE initiates NAS message to access the network. The network entity uses these parameters to perform access control. HNB registration procedure is used to report the CSG ID(s) and the access mode of HNB to the HNB GW for paging optimization. Depending on whether HeNB GW is deployed, S1 setup procedure reports the CSG ID(s) and the access mode of HeNB to HeNB GW or the network entity for paging optimization.

Note: The details of indicating CSG ID and access mode of H(e)NB to network entity only cover solution 1.
6.3.7.2.3.3
Evaluation

6.3.7.2.4
Sub-Issue 4 – Diversion of established communication for a non-CSG member
See section 6.3.2 for description, solutions and evaluation.
6.3.7.3
Evaluation

The HeNB/HeNB GW reports the HeNB load status to MME in UL S1-AP message when there is new service activated by UE or UE hand in HeNB. 

The MME shall inform HeNB the accessing UE is CSG member or not, after the HeNB receives the indication from MME, the HeNB shall update its context to retain the UE’s membership.
To satisfy the requirement to divert non-CSG members from CSG cells, the HeNB decides, based on its context, whether to a UE shall be diverted. Diverting non-CSG members can improve CSG members' service. For the UE hand in to the HeNB case, the MME base a decision on the load status of the HeNB whether to divert a UE to another CSG cell via send HO message to HeNB, or the MME can release the S1 to force the UE to re-select another suitable cell, or the MME can decide to release part of the bearers locally.

To satisfy the requirement that the network may reduce the data rate of established PS communication for non-CSG members, the MME can determine, based on the load status from HeNB, whether to report the load status to the PGW. If the QoS assigned to any bearers of a particular UE need to be adjusted, the PGW can trigger bearer.
#end of second change
3GPP

SA WG2 TD


