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1. 
Introduction

TS 22.220 [1] introduced a Hybrid access mode for Rel-9, namely:

-
Hybrid access mode: H(e)NB operates as a CSG cell where at the same time, non-CSG members are allowed access. 
In addition, TS 22.220 [1] has the following requirement for Hybrid access mode:

-
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.

-
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.

In this contribution we analyse the above requirements at a Hybrid access mode CSG for E-UTRAN.

2
QoS concept in E-UTRAN 
According to TS 23.401 [2], each EPS bearer (GBR and non GBR) is associated with a QCI and ARP parameters among other GBR and non GBR specific parameters. 

As further stated in 23.401 [2] section 4.7.2.1:

“The initial bearer level QoS parameter values of the default bearer are assigned by the network, based on subscription data (in case of E-UTRAN the MME sets those initial values based on subscription data retrieved from HSS). The PCEF may change those values based in interaction with the PCRF or based on local configuration.

NOTE 4:
Subscription data related to bearer level QoS parameter values retrieved from the HSS are not applicable for dedicated bearers.

For of E-UTRAN, the decision to establish or modify a dedicated bearer can only be taken by the EPC, and the bearer level QoS parameter values are always assigned by the EPC. Therefore, the MME shall not modify the bearer level QoS parameter values received on the S11 reference point during establishment or modification of a dedicated bearer. Instead, the MME shall only transparently forwards those values to the E-UTRAN.”
The question then arises as to how to meet the above SA1 requirement at a Hybrid access mode CSG cell for CSG members and non-members based on the current E-UTRAN QoS architecture.
2.1
EPS GBR bearers 

For GBR bearers, 23.401 [2] section 4.7.4 states
that no rate adaptation is supported for GBR bearers. Furthermore, “if an eNodeB can no longer sustain the GBR of an active GBR bearer then the eNodeB should simply trigger a deactivation of that bearer.”
In the case of a GBR bearer at a Hybrid access mode HeNB, the SA1 requirement is to handover a non CSG member to another cell rather then to deactivate the GBR bearer, but in the case that handover is not possible, the same principles may also be applied, i.e., a GBR bearer is deactivated if a suitable target for handover is not available and there are not sufficient resources available to sustain it. The GBR bearer of a non CSG member should be deactiveated before the GBR bearer of a CSG member to meet the above SA1 requirements. The HeNB can perform these functions by simply knowing whether a UE is a member or not of the CSG.

Proposal 1: For each connected UE, the Hybrid access mode HeNB is informed whether the UE is a member or not of the CSG. 
Proposal 2: If sufficient resources are not available to support GBR bearers, the HeNB shall first attempt to handover the UE to a suitable target if available and otherwise deactivate the bearer. 
Proposal 3: The Hybrid access mode HeNB shall distinguish between a CSG member and non-member when determining whether to handover a UE and which GBR bearers to deactivate.

2.2
EPS non-GBR bearers 

In E-UTRAN, for non-GBR bearers23.401 [2] section 4.7.3 states that the QCI is used to determine the scheduling weight, queue management thresholds, link layer protocol configuration, etc. at the eNodeB based on operator configuration.
In addition to handover as discussed above, the same principles may also be applied to a non GBR bearer at a Hybrid accesss mode HeNB, i.e., the QCI is used to determine the service level of a non-GBR bearer. The only exception is that the rate for a non GBR bearer of a non CSG member should be reduced before the non GBR bearer of a CSG member to meet the above SA1 requirement. Again the HeNB can determine whether to handover the UE or reduce the non GBR bearers by simply knowing whether a UE is a member or not of the CSG.

Proposal 4: The Hybrid access mode HeNB shall distinguish between a CSG member and non-member for handover and packet scheduling of non-GBR bearers to meet the SA1 requirement.

NOTE:
No other node beside the HeNB has sufficient information to perform this function since the HeNB is the only node aware of the radio and backhaul resources available. Also the UEs served by the HeNB may be served by multiple different MMEs.

4.
Conclusions

The following proposals enable that the only difference between how QoS is supported at a Hybrid accesss mode HeNB and another (H)eNB is that the Hybrid accesss mode HeNB uses one extra bit of information, (namely whether the UE is a member of the CSG) to decide how to do admission control for GBR bearers and reduce the rate for non-GBR bearers.

Proposal 1: For each connected UE, the Hybrid access mode HeNB is informed whether the UE is a member or not of the CSG. 

Proposal 2: If sufficient resources are not available to support GBR bearers, the HeNB shall first attempt to handover the UE to a suitable target if available and otherwise deactivate the bearer. 

Proposal 3: The Hybrid access mode HeNB shall distinguish between a CSG member and non-member when determining whether to handover a UE and which GBR bearers to deactivate.

Proposal 4: The Hybrid access mode HeNB shall distinguish between a CSG member and non-member for handover and packet scheduling of non-GBR bearers to meet the SA1 requirement.
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Appendix
If the above proposals are approved, we propose the following text updates against TS 36.300.
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4.6.4
Support for Hybrid and Open Access modes

4.6.4.1
QoS Concept for Hybrid Access mode

The following principles apply to serving non CSG members and CSG members of a Hybrid Access mode HeNB

-
When the UE connects to the Hybrid access mode HeNB, the network informs the HeNB whether the UE is a member or not of the CSG associated with the HeNB. 

-
If sufficient resources are not available, the Hybrid access mode HeNB shall first attempt to handover the UE to a suitable target if available and otherwise deactivate GBR bearers according to TS 23.401 [17]. The Hybrid access mode HeNB shall distinguish between a CSG member and non-member when determining whether to handover a UE and which GBR bearers to deactivate.

-
The Hybrid access mode HeNB shall distinguish between a CSG member and non-member for handover and packet scheduling of non-GBR bearers to meet the requirements in TS 22.220 [xx].
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