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1          Introduction

This document discusses how a hybrid access mode H(e)NB can manage UE access when it is congested.
2         Discussion
A H(e)NB operating in Hybrid Access Mode should give preferential access to members of its CSG relative to all other members, as defined by SA1. The following is described in Section 5.3.2 of TS 22.220[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.

-
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.

And in Annex B of [1],
“Preferential access” means the user will get preferential access to the CSG cell.

Table B.1: H(e)NB access for UEs of any release

	
	H(e)NB Access Mode

	
	Open
	Closed
	Hybrid

	UE allowed access to CSG cell
	Access
	Access
	Preferential Access

	UE not allowed access to CSG cell
	Access
	No Access
	Access


Based on the latest RAN2 agreements on hybrid access mode [2,3], it is our understanding that the configuration of a hybrid access H(e)NB (as broadcast in system information )would be as follows:

CSG Indicator = FALSE (EUTRAN) or not present (UTRAN)
CSG Identity = present 
CSG PSC/PCI split = Not present (The need for a  PSC/PCI split for hybrid access mode cells is FFS)
CSG carrier freq = hybrid cell frequency is not included (UTRAN)
If the hybrid access mode cell becomes congested, then it may become necessary for the H(e)NB to redirect any established non-CSG members from its cell if a CSG member (preferential user) attempts to gain service access.

If normal service access is used, then the hybrid access H(e)NB may have a number of different UEs attempting to access it, some of which will subsequently  be identified as preferential users (i.e. CSG members) and some of which will subsequently be identified as non preferential users (i.e. non-CSG members). However the actual process of the H(e)NB determining the status of the UE could exacerbate an already congested H(e)NB. Therefore in this case it would be beneficial if the H(e)NB can limit the service access attempts by non-CSG member UEs.   
One way to address this issue would be by changing the access mode of the cell from ‘hybrid’ to ‘closed’, when it is congested. In UTRAN, this would be achieved by indicating the MIB CSG Indicator (TS 25.331 [4]) and setting it to TRUE (note that no CSG indicator IE is broadcast for hybrid access mode cells). In EUTRAN, the CSG-indicator IE in SIB1 (TS 36.331 [5]) would have to be reconfigured from ‘FALSE’ to ‘TRUE’. 

With this change from ‘hybrid’ to ‘closed’ the following consequences are expected for CSG member and non-CSG member UEs:

	Non-CSG member UEs selecting /reselecting to the H(e)NB cell
	Such UEs will read the system information and based on the CSG-indicator select /reselect to another suitable cell (if available). 

	CSG-member UEs selecting/reselecting to cell
	Those members will camp on the cell as a CSG cell after checking the CSG indicator i.e. no change in UE behaviour.

	Non-CSG member UE already camping on cell
	The change/indication of CSG–indicator results in a change of system information. All UEs camping on the cell would be notified of this change (e.g. with a system information change notification) and would reacquire the system information. Once the UE has acquired the new system information, normal cell reselection rules would force all non-CSG member UEs camping on the cell to reselect to another cell as this cell is no longer allowed. 

	CSG member UE already camping on cell
	The CSG member UEs would remain camped as long as the radio conditions allow it. They can also perform initial access to the cell for call setup.

	Non-CSG member UE already in connected mode on cell
	Since H(e)NB has knowledge that UE is a non-member, it can take necessary actions to reduce the resources allocated to the UE or redirect the UE to another cell. In case non-member UE is kept on the now ‘closed’ cell, there is a violation of the principle that only CSG members have access to resources of a CSG cell. 

	CSG member UE already in connected mode
	H(e)NB would provide access to those member UEs and switching the cell status should not affect them. 

	CSG capable UE with empty allowed CSG list
	Since the PSC/PCI of the cell is not a CSG cell PSC/PCI, CSG-capable UE with empty allowed CSG list cannot ignore the cell based on the PSC/PCI and has to read the system information to check the CSG indicator and then ignore the cell. This is a slight degradation in battery performance for the CSG capable UE with an empty allowed CSG list.

	Non-CSG capable  UMTS UE selecting/reselecting to cell
	Access control as defined in TS 25.467 [6] will be performed as for a closed access mode cell. For these UEs the AC will be executed in the HNB GW.

	Non-CSG capable UMTS UE camping on cell
	After acquiring new system information, UE remains camped on the cell.  LAU procedure is not performed as LA has not changed! UE would only reselect out of cell if radio conditions change. When such UE performs initial access then the network has to reject the call. Hence, the mode switching mechanism cannot make non-csg capable or legacy UMTS UEs reselect out of a congested HNB. 


Table 1: Behaviour of CSG member and non-CSG member UEs when access mode of hybrid cell is changed to closed. 
Based on the analysis in Table 1, it seems that switching the mode of the H(e)NB from ‘hybrid’ to ‘closed’ and vice-versa will effectively prevent CSG capable UEs which are non-members of the CSG from camping on the cell of a congested hybrid access mode H(e)NB. Moreover, non-CSG member UEs already camping on a hybrid access mode cell would reselect out of the cell when the access mode is switched from ‘hybrid’ to ‘closed’. 
However, non-CSG capable REL-8 UEs or legacy UMTS UEs will remain camped on a hybrid access mode cell even though the access mode of the cell has been switched from ‘hybrid’ to ‘closed’. It would be up to the network to reject the initial access from such UEs.

It also seems unnecessary to change any of the other optional parameters that would be associated with a closed access mode cell (ie. PSC/PCI split, CSG carrier frequency). 
3
Conclusion
In this contribution, the co-sourcing companies have described a solution to address the management of UEs within a congested hybrid H(e)NB cell, which has no impact on existing standards documents. It is therefore proposed that this solution is agreed as the preferred implementation for handling the congestion scenario outlined. 
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