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1 Introduction

In the RAN#48 meeting, there were discussions on how to complete the sections in the TR 25.900 series, currently in skeleton form [1]. Several contributions on Text Proposal in TR 25.900 series have also been presented, notably [3] [4] and [5]. This is also inline with the Objective 2 on the control of interference WI on FDD Home NodeB RF requirements [2].  Specifically, some text proposals on HNB Self-configuration was presented in [4][5]. 
Furthermore, it was also agreed that a section on the HNB Self-configuration will be included in the technical report. Therefore, in this contribution, further text proposal is provided to the HNB Self-configuration. 
2 Text Proposal
======= Start of changed section =======
7   Guidance on how to control HNB Interference
…
7.2 HNB Self-configuration
For HNB deployment scenarios, HNB should be intelligent enough to detect interference from surrounding interference sources such as macrocells and nearby HNBs. Such detection mechanism can be based on a set of measurements as outlined in subclause 7.1, feedback from UE via measurement reports and/or signalling from the HNB backbone network. 
HNB can enter into self-configuration during initial power up phase and/or on a regular basis. HNB self-configuration can also be activated based on some external events, e.g. level of downlink cell load, downlink signal strength and uplink noise rise. 

Depending on the implementation, the HNB should be able to relay its measurements to, and receive its RF configuration from an external configuration element such as network planning server, O&M server and Femto Gateway. Such configuration elements can also optimize the RF parameters of a set of HNBs in a joint manner. However, this section does not describe the method of configuration, and is limited to the self-configuration of a HNB of its own RF parameters.

During the initial HNB power up, the HNB should be able to configure itself using a set of optimum RF parameters. Such configuration involves:

· Choosing the right carrier frequency, 
· Selecting the optimum DL scrambling code
· Selecting suitable LAC and/or RAC.

· Setting the optimum maximum allowable Tx power level in downlink and uplink,

· Building a set of cell lists, and,

· Processing the UE measurement reports (if available)
The HNB self-configuration can also be activated on a regular basis provided that no UE is RRC connected to the HNB or all UEs attached to the HNB are in idle mode. The self-configuration capability of HNB should not impact the existing UE behaviour. If any UE served by the HNB has on-going voice/data transmission, the HNB shall wait until the corresponding UE to complete its voice/data transmission, release the RRC connection and then activate the self-configuration mode. 
The self-configuration activation period can be set to long, medium or short (exact value FFS). For example, activation period can be set to 24 hours in order to activate HNB self-configuration mode once a day. Performing self-configuration on a regular basis (self-configuration interval FFS) or event triggered self-configuration will help to reduce excessive interference generated by the HNB to the surrounding macrocells and HNBs. 
The HNB self-configuration requirements are listed in Table 7.2-1. Detailed fulfilment of HNB self-configuration requirements is vendor specific (i.e. dependent on self-configuration modes). Generally, the HNB self-configuration can be broadly divided into passive and active mode. The passive mode HNB self-configuration satisfies only the basic requirements, while the active mode HNB self-configuration is capable of handling more complex tasks such as detecting of abnormal operating conditions, decoding UE measurement reports, neighbour cell list construction, etc. 
Table 7.2-1: HNB self-configuration modes and requirements
	Requirement No
	Requirements

	
	Passive
	Active

	1
	Conduct measurements in subclause 7.1.1, 7.1.3, 7.1.4
	Conduct measurements in subclause 7.1.1, 7.1.2, 7.1.3 and 7.1.4

	2
	Select DL scrambling code or UARFCN
	Select DL scrambling code or UARFCN

	3
	Select DL Tx Power level of the HNB and max UL Tx power level of the HUE
	Select DL Tx Power level of the HNB and max UL Tx power level of the HUE

	4
	Decode broadcast channel (e.g. BCH)
	Decode broadcast channel (e.g. BCH)

	5
	N/A
	Use UE measurement reports as input to self-configuration algorithm

	6
	N/A
	Perform additional RRM (e.g. handover handling, coverage control) based on a set of measurement inputs

	7
	N/A
	Detection of abnormal operating conditions

	8
	Construct a set of neighbour cell lists 
	Construct a set of neighbour cell lists

	9
	Synchronise local clock/RF oscillator with e.g., macrocells, IP network 
	Synchronise local data clock/RF oscillator with e.g., macrocells, IP network

	10
	Select suitable LAC, RAC
	Select suitable LAC, RAC


7.2.1 Carrier or UARFCN selection
Each HNB needs to be configured for a certain carrier frequency (channel or UARFCN) to operate on. Such a mechanism depends on the particular deployment configuration listed in subclause 5.2 of 25.820. If there is only one available carrier for all HNBs, there could be certain amount of inter-HNB interference. One solution for addressing this issue would be to use multiple carriers for HNBs. For example, HNBs in neighboring apartments can be assigned to different frequency carriers to mitigate the potential interference problems.

If macrocells operate on the same carrier as HNBs, then HNB-macrocell interference can result in a certain amount of outage and performance degradation both for HUEs and MUEs. One solution for mitigating the HNB-macro interference would be to make sure the carriers used by HNBs are not used by macrocells. Although this method reduces HNB-macro interference noticeably, it is not efficient in terms of spectrum utilization especially if HNB deployment density is not high.  Also, the total number of available carriers for an operator needs to be considered in this decision. For most operators with limited carriers (e.g., two or three carriers), sharing the carriers between HNBs and macrocells could be preferable. In this case, if a MUE goes into coverage hole of a HNB, it could perform inter-frequency handoff to another carrier frequency
. In order to minimize the number of inter-frequency hand-off events for MUEs, HNBs may prefer a certain frequency and use other frequencies only in the homes where there is noticeable interference from neighboring HNBs.

In general if an operator has N carrier frequencies: F={f1,f2,…,fN}, then HNBs are allowed to use a certain subset (FHNB) of these frequencies while macrocells can use a certain subset (Fmacro). Without loss of generality, in the following, we will assume FHNB={f1,f2,…,fK}   and Fmacro={fM,fM+1,…,fN}  where 1 ≤ K ≤ N and 1 ≤ M ≤ N. 

As a possible method for carrier selection, during self configuration, the HNB will measure the RSS values for all K carrier frequencies and find the carriers with least interference, denoted as Nomin. The accuracy of RSS measurement is [FFS]. In order to find the carrier suitable for operation, the HNB can scan all the available UARFCN or carrier frequencies and, starting from f1, choose fi if Nof_i ≤  Nomin + HNB_Frequency_RSS_margin. The usage of the parameter HNB_Frequency_RSS_margin is to adjust the tradeoff between selecting least interference carrier and concentrating the HNBs on certain carriers such that coverage hole created by macrocell is minimized. 
As an example, consider the case where N=3, where an operator has three carriers {f1,f2,f3} available. In this case, K=2, M=1. HNBs use {f1,f2} while macrocells use {f1,f2,f3}. As a result, inter-HNB interference is minimized. Furthermore this choice keeps f3 as reserved carrier for macrocells so that high mobility MUEs end up using f3 and does not experience frequent coverage holes by HNBs. Thus HNB_Frequency_RSS_margin parameter can be set to a small value. This would allow better inter-HNB interference management.

The method described above can be enhanced to include UL carrier/UARFCN selection [FFS].

7.2.2 Scrambling code selection  

Each HNB would require to be configured for a particular scrambling code on the downlink. If neighbouring HNBs use the same scrambling code, significant problems can arise since HUEs may not be able to associate with the correct HNB. In macrocell networks, scrambling codes for base stations are carefully managed so that base stations in a certain region use different scrambling codes. This, however, is not very practical for HNBs and a more autonomous method to select the scrambling codes would be useful for HNBs. The goal of such a mechanism is to minimize the number of scrambling code collisions for a given number of total scrambling codes. 
For instance, depending on the HNB deployment strategy, a certain set of scrambling codes can be reserved for HNBs, denoted as SHNB={S1, S2, …, SNsc }.  If the HNBs operate on a dedicated carrier, the HNB can scan all the available scrambling codes (i.e., Nsc=512) and the total number of scrambling codes that can be reserved for HNBs is configurable. If HNBs operate on a shared carrier (co-channel) with macrocell, a certain subset of available scrambling codes should be reserved for HNBs and these codes should not be used by any macrocell base station.

During HNB self-configuration, HNB scans for all scrambling codes and construct a set of scrambling codes which have pilot energy above detection threshold: SDETECTED={Si, Sj, …, Sk}. Note that some of the scrambling codes in the set SDETECTED can be part of the set SHNB (i.e., PSCs used by neighbouring HNBs) and rest of the set can be part of “macrocell only” scrambling codes. Then, HNB can select the “best” scrambling code based on the following criteria:

· If all HNB-reserved scrambling codes are being used by neighbour HNBs 

· HNB picks a scrambling code in SHNB  with smallest amount of detected energy (i.e., smallest CPICH Ec/No and CPICH RSCP)

· Else 

· HNB picks a scrambling code randomly from set of scrambling codes that are member of SHNB  but not member of SDETECTED  
Upon failure to pick the “best” scrambling code, an alarm or some form of error indication shall be send to the network controller (e.g. Core Network, Femto Gateway, O&M server). The details of alarm triggering threshold is FFS.  

7.2.3 Neighbour cell list configuration

During the HNB self-configuration mode, HNB should be able to use the macrocells information detected on a set of UARFCNs to build the following cell lists:

· Intra-frequency cell list

· Inter-frequency cell list

· Inter-RAT list

In addition to the standard cell lists above, the HNB may also construct the following cell lists:

· Preferred cell camping list. This list can be a subset of the normal cell camping list and can be operator configurable (via O&M server). The purpose of the preferred cell camping list is to prioritise certain cells for HUE to camp on for load balancing, traffic and QoS control. 
· Preferred RAT handover list. This is can be a subset of the normal IRAT list and can be operator configurable (via O&M server). The purpose of the preferred RAT handover list is to prioritise the handover preference of certain RAT cells (e.g. prefer handover to EDGE over GSM/GPRS).

Upon constructed the cell lists, the HNB can broadcast some of the cell list information (in e.g. SIB11) to the UEs served by the HNB. The UEs served by the HNB can then use the cell list information to perform handover, cell selection/reselection, etc. 

To enable MNBs and network aware of the cell list information, the cell lists constructed by the HNB during self-configuration mode and/or subsequent cell list updates can be fed back to the network controller (i.e. Core Network, Femto Gateway) via either NBAP or TR069 signalling.  
7.2.4 HNB DL power setting

HNB DL power setting is a function of HNB cell coverage, macrocell interference and other-HNB interference. Given a suitable DL operating power range, the HNB should set its total Tx power in the following way:
· Such that the CPICH Ec/No at the expected edge of coverage of the HNB is of sufficient quality to provide adequate coverage/performance for the HNB 

· Such that the macro layer CPICH Ec/No at the expected edge of coverage of the HNB is not severely degraded

· Such that the adjacent-channel macro layer CPICH Ec/No at certain distance/pathloss from the HNB is not severely degraded

During the self-configuration mode, HNB should be able to set the correct allowable Tx power limit (currently limited to 20 dBm) based on interference level from macrocells or other HNBs. However, the HNB maximum allowable Tx power can be altered during the subsequent HNB self-configuration. Alternatively, the HNB maximum allowable Tx power can be set via a dynamic power management scheme in the HNB. 
7.2.5 HUE UL power setting
During HNB normal operation, the HUE should not be allowed to transmit too high power so that it generates large interference to macrocell layer or other neighbour HNBs.  Therefore, HNB self-configuration can be used to determine the optimum maximum allowed transmit power level for HUEs served by a HNB. 

During HNB self-configuration, the HNB should set a maximum allowed transmit power for its UEs based on the pathloss to the neighbour NodeBs and the expected received power at neighbour NodeBs such that if its UEs were transmitting at this maximum power level they will not cause a significant UL noise rise to the neighbour NodeBs, and thus compromise the coverage or capacity significantly. The pathloss to the neighbour NodeBs can be estimated via measurements outlined in subclause 7.1. The received power at the neighbour NodeBs can be obtained either from measurements outlined in subclause 7.1 or from network (e.g. Core Network, Femto Gateway). 
Note that the process to set HUE maximum allowed transmit power should not alter the existing UE behaviour. 
7.2.6 LAC/RAC selection 
In a CSG deployment, in order to perform user authentication for the UEs, one technique is to utilize Location Area Update/Routing Area Update procedure. This technique assumes that each HNB is configured with a LAC that is different from the surrounding macro cells and nearby HNBs, so that a UE always performs location area update when it tries to camp on the HNB. Therefore, during the HNB self-configuration mode, the HNB should be capable of selecting a suitable LAC (or RAC) from a list of available LACs/RACs.
However, the drawback of user authentication via LAU/RAU procedure is that there may be potentially a large number of LAU/RAU update reject messages generated when a HUE is not allowed to camp on to a consecutive number of HNBs under certain mobility scenarios, particularly for CSG type deployment. 
The solution to avoid generating a large number of LAU/RAU update reject messages is [FFS].
7.2.7 Extreme/Abnormal Operating Conditions

There are certain conditions whereby the HNB might not be able to provide optimal RF performance to its UEs, such as not having an accurate picture of the surrounding RF environment or the RF self-configuration algorithms not being able to select parameters within supplied bounds. In the event of detecting an error condition the HNB may use a set of RF parameters defined by the operator which will provide restricted HNB coverage until the situation has been rectified. 

Table 7.2.6-1 provides a list of such conditions, their implications on HNB operation and suggested actions to take on detecting such conditions.

Table 7.2.6-1: Extreme/Abnormal Operating Conditions
	
	Condition
	Implication
	Possible Action

	1. 
	Lack of suitable DL scrambling Code
	HNB could degrade performance of other HNBs
	-Select alternative UARFCN if available.

-HNB could be relocated within building

	2. 
	Failure to detect BCH on downlink UARFCN
	HNB power setting & DL primary scrambling code might not be optimal

Neighbour cell list will not be generated
	-Alert operator

-HNB could be relocated within building

-Other possible actions [FFS]

	3. 
	No suitable LAC/RAC available
	If a HNB reuses a LAC within the same geographical area it is possible that a UE can camp on to neighbour’s HNB without being on its access control list.  Under this scenario the UE will not be able to receive paging messages. 
	- Alert operator

- HNB could transmit with low power to eliminate the overlap in coverage areas between HNBs that have the same LAC.

	4. 
	Location Change e.g. as indicated by different macro cell IDs on UARFCN or PLMN
	HNB is potentially in a location outside the one it was provisioned for. 

HNB can potentially transmit on a UARFCN that is not allocated to the operator.
	- Alert operator

- HNB could disable normal operation until new location has been verified

- Other possible actions [FFS]

	5. 
	Failure to detect a suitable frequency reference 
	The RF oscillator of the HNB could potentially be out-of-synch. 
	- Alert operator

- HNB could disable normal operation


==== End of changed section ====

3 Conclusion

We have presented a Text Proposal for the HNB TR25.9xx, currently in skeleton form.  It is proposed that this Text Proposal is adopted in the TR.
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� Note that macrocell legacy UEs are designed to choose the best macrocell frequency to operate given that system parameters are chosen appropriately.
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