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1.
Introduction

Work on Enhanced Interference Management was agreed [1] in the Rel-10 EIM WID to “ensure that Enhanced Interference Management methods identified in Rel-9 for HNBs do not fail in deployments with a large penetration of CSG-aware UEs.” Scenarios leading to failure are detailed in [2].

In addition, the following WID conditions must be considered in achieving the EIM objectives:

   (i) the solution shall be developed based on the existing UE measurements and procedures.

   (ii) the main aim should be to identify solutions not impacting macro network
In [16], a method was considered to extend the EIM methods agreed in Rel-9 to CSG HNBs, while satisfying conditions (i) and (ii). This discussion paper further addresses the questions raised in RAN3#68 [17], as marked in the end-of-meeting notes:
	Open issues: 

A. which node rejects these UEs?

B. Is the training period activation/deactivation conditional to whether there are legacy UEs idle or connected in the cell?

C. Frequency & duration of training period needs to be clarified

D. What is the impact on finger prininting-based UE autonomous measurements? (LS to RAN2 at next meeting when there is more clarity on above open issues)

E. Any impact on allowed UEs during the training period?

F. Why not keeping relying on NL at the HNB?


2.
Background
2.1
Issue

It was demonstrated that making available measurements (or measurement statistics) from unauthorized UEs in the vicinity of HNB can limit interference to macro users while maintaining good coverage for home users [12].
A follow-up technique was agreed in Rel-9 whereby uplink access attempts from unauthorized (macro) UEs can be made available to non-member HNBs for calibrating the long term HNB’s DL CPICH Tx Power [4]. That technique, however, fails to work for unauthorized CSG UEs and CSG HNBs.
2.2
Proposed Method

The method described [16] extends the technique agreed in Rel-9 to unauthorized CSG HNBs for CPICH Tx Power calibration over the long term, thus addressing the WID objective of ensuring that EIM techniques are still possible in deployments with a large penetration of CSG-aware UEs [1].
Essentially, [16]  introduces an EIM Training Period, during which CSG Macro UEs may perform registration attempts to non-allowed HNBs. During such a period, the CSG HNB stops broadcast of the CSG Indicator in the MIB.

During this period, non-member CSG UEs would see such cells as open [18], thereby being able to make access attempts to the HNB. However, non-member UEs would not be able to obtain service through the HNB during the EIM training period (i.e., this access control remains the same as outside  the training period).
The HNB uses uplink access attempts collected during the training period to set its long-term DL CPICH Tx Power.

3. Discussion

In this section, we address various aspects of the method summarized in section 2.2. In the process, we address the open issues recorded in RAN3#68.
3.1 Access Control

Outside the EIM Training period, access control would proceed as in Rel-9 [13] [14].
During the EIM Training period, access control is described in this section. 
3.1.1 Inbound Mobility (CELL_DCH)

For CELL_DCH mobility to HNBs, it has been clarified in Rel-9 [13] that the RNC would be aware of the access mode of the potential target HNB, “e.g., by PSC range for hybrid cells.” A HNB in EIM training could continue to use Rel-9 methods to identify itself as closed to RNCs, for CELL_DCH mobility purposes. For instance, if the “PSC range” method is used, a HNB would use - during EIM Training – a PSC from the closed PSC range. Such a range would be a superset of the CSG Split. The SRNC behaviour towards hand-in to a HNB in EIM Training would remain as documented for CSG HNBs in section 5.9.2 of [13].

Figure 1: Sample distribution of PSCs
3.1.2 UE Registration (non-CELL_DCH)

For non-CELL_DCH mobility to HNBs, there are multiple ways to perform access control, all based on the CSG UE registration call flow in section 5.1.3 of [13]. Figure 5.1.3-1 is copied below.
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Figure 1 (aka 5.1.3-1 in [13]). UE Registration for CSG UEs and CSG or Hybrid HNBs.

Method 1: Access control based on CN membership verification
In this method, the HNB registers the UEs as accessing a hybrid cell, and uses the CSG membership indication from the CN to determine whether the UE is a member or not. More specifically:

Steps 5/6: HNB-GW accepts the UE registration;

Step 7: HNB sets Cell Access Mode IE = hybrid in the RANAP INITIAL UE MESSAGE;

Depending on the value of the CSG Membership Status IE from the RANAP COMMON ID message from the CN, the HNB/HNB-GW either confirms UE access or rejects UE access attempt. 
Notes:

1. The inclusion of UE Membership Status in RANAP COMMON ID message is optional. It would be necessary to clarify the course for HNB to take if the UE Membership Status is absent, or if the RANAP COMMON ID message is delayed.
2. Either of HNB/HNB-GW nodes is may be responsible for decoding the Membership Status IE from the CN. The responsible node may inform the other via the HNBAP UE DE-REGISTER message. 
Method 2: Access control based on CN access control
In this method, the HNB registers the UEs as accessing a CSG cell. The CN NAS reply determines whether the UE is a member or not. More specifically:

Steps 5/6: HNB-GW accepts the UE registration;

Step 7: HNB does not include the Cell Access Mode IE in the RANAP INITIAL UE MESSAGE;

Step 8: One of HNB/HNB-GW will need to intercept the CN NAS reply in the NAS-PDU IE of the RANAP DIRECT TRANSFER message 

Depending on the value of the CN NAS reply, the HNB/HNB-GW either confirms UE access or rejects the registration attempt. 

Notes: Either of HNB/HNB-GW nodes is may be responsible for decoding the CN NAS reply. The responsible node may inform the other via the HNBAP UE DE-REGISTER message. 

In either case, the HNB would also need to reject the RRC Connection attempt of the UE. For this, multiple proprietary methods exist, as they are needed to reject non-allowed registration attempts by CSG-unaware UEs (c.f section 5.1.2 in [13]).
3.2 UEs camping on HNB

PSC change may be caused and configured by a number of factors leading to PSC collision during operation of a HNB [15], [19].
Start or end of EIM training is an instance of a PSC change for a HNB. In addition PSC change for the case of EIM training can be handled gracefully; if the HNB has determined a need to perform or complete EIM training, yet UEs are camped on it, the HNB may adopt a number of strategies to avoid undue impact to ongoing UEs with RABs through the HNB. Non-exhaustive examples of such approaches are:

· HNB may delay the start/completion of the EIM period until no ongoing calls traverse this HNB anymore;

· HNB may hand-out UEs in CELL_DCH prior to PSC change.
· Idle mode UEs may reselect to HNB with new pilot, or to surrounding cells after PSC change.

3.3 Training Period Parameters

As clarified in RAN3#68, it is expected that an initial EIM training interval may last up to one or two weeks, to capture variations in traffic. Standardization of EIM would allow the flexibility of configuring such a period to potentially different values, when a shorter training period may be sufficient.
EIM training may be re-triggered by changes in macro cell deployments (e.g. new cell added/removed) or in UE traffic (e.g. new building). Such changes are expected to be seldom and are readily detectable by already-standardized interfaces (e.g. Radio Environment Measurements, as described in [19], or long term changes in uplink Io [20])
3.4 Autonomous and Manual Search
Start/end of EIM training is one of the ways [15], PSC changes may be triggered. When this happens, a UE fingerprint for the HNB may become outdated [21] [22][23]. This may affect some fingerprint implemenations that depend on HNB PSC. In such cases the UE would be able to rely on manual trigger to find HNB . Such triggering would be useful in those cases where the UE would not be able to find the cell directly (e.g. inter-frequency HNBs in good macro coverage, when the UE has not previously stored the PSC).
In addition to a PSC change, the beginning or end of EIM training interval also affects the presence of the CSG Indicator. The presence or absence of the CSG Indicator does not change the behaviour of member Rel-9 UEs, which need to treat member hybrid cells as CSG Cells: “[t]he UE shall treat detected hybrid cells as CSG cells if the CSG ID of the hybrid cell is in the UE’s CSG whitelist and as normal cells otherwise.” [24].

If the CSG Indicator is used part of a UE fingerprint, the manual trigger would help a member UE (re)select to the HNB.
3.5 NLM-based Interference Management
The WID [1] is explicitly justified by the insufficiency of the Network Listen Module-based interference management:

	This baseline interference management method (via NLM) - while helpful - was found to be insufficient in certain interference scenarios (see 3GPP TS 25.967), still resulting in outage, call drops, capacity loss and load imbalance due to RF mismatch, deployment variations and critical deterioration of source cell quality.


The WID mandates RAN3 to “identify and evaluate solutions to ensure that Enhanced Interference Management methods identified in Rel-9 for HNBs do not fail in deployments with a large penetration of CSG-aware UEs.”

In RAN3#68, it has been inquired whether NLM-based interference management is sufficient. RAN4 has already evaluated NLM-based methods [11] and found them to be insufficient [12]; its EIM-based recommendations also have been studied [8] and implemented [4] by RAN3 in Rel-9.
4 Standardization Impact

4.1 EIM Configuration 

For EIM to work in a standard fashion under HMS control, a few parameters need to be specified, e.g.:

  - EIM Training Period configuration (e.g. start, frequency, length).

  - whether a PSC change is needed (and what the training PSC might be).

Such parameters can be configured via the HMS ( HNB interface [19].

4.2 Overall Impact
The following table summarizes expected standardization impact on the network.

Table 1: Summary of proposed NHIM method
	Aspect (
	Comment (

	New interfaces
	None

	Macro UTRAN impact
	None

	Change of UE procedures or interfaces.
	None

	Access control for reselecting UEs (during training)
	as described in section 3.1.2

	Access control for inbound mobility
	as described in section 3.1.1

	New procedures/functions
	Configuration of the EIM parameter, like including PSC change, training period.

-  to be applied to the TR-196 [19] data model over the HMS ( HNB interface.

	MRMs from MUEs
	Collectable from any CSG UE during the configurable training period. 


5.
Conclusion
In section 3, we address the open questions recorded in RAN3#68 for the EIM technique proposed [16] and described in section 2.2. The proposed technique is the only one evaluated to fulfill the requirement of extending Rel-9 EIM technique to the case of CSG HNBs and CSG UEs. It also maintains the WID [1] aim to “to identify solutions not impacting macro network,” while being “based on the existing UE measurements and procedures.”
Proposal 1: RAN3 is asked to identify the technique in section 2.2 as satisfying the EIM WID requirements of extending a Rel-9 EIM technique, as well as satisfying the WID restrictions on macro impact and UE procedure and signaling reuse.

Proposal 2: RAN3 is asked to take the necessary steps to standardize the technique in section 2.2 for achieving the EIM WID objective of mitigating HNB-to-Macro DL interference.
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