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1. Introduction

Since the introduction of Cell Broadcast for HNB in Release 9 it has been identified that there are a number of issues affecting scalability, geographical granularity, addressing and performance of the cell broadcast as currently used in the 3G HNB system architecture (e.g. [1], [2], [3]). There are further issues affecting the OA&M links to the Cell Broadcast Centre (CBC). 

As the number of HNBs deployed increases and the deployment of public warning systems commences with the inclusion of warnings delivered by small cells and consumer HNBs it is important that a system that is fit for purpose and capable of handling a large scale alert is available to public agencies and operators.
There has been a significant amount of verbal debate at RAN3 meetings, but so far there has been no written proposals describing alternatives. This contribution provides an analysis of the issues and a summary. It then looks at the two major options proposed and their impacts and benefits, and proposes a way forward. This contribution is strongly based on the contribution [9] to RAN3#79bis requested by RP#59.
2. Basic Operation of Cell Broadcast

2.1. Provisioning and Setup

Figure 1 shows the basic operation of the provisioning and set up of a system for Cell Broadcast towards a 3G HNB Subsystem.  
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The process is summarised as follows:
1. Upon power up the HNB carries out standard Network Listen (NWL) and any other location reading procedures (e.g. GPS) and registers with the HNB Management System. The HNB Management System is a TR-069 ACS which is the master record of configuration data for the HNB. 
2. The TR-069 ACS provisions the HNB with necessary operating information including the contact address for a HNB-GW, a range of LACs for over-the-air use that a HNB will select from, and a SAC for Broadcast purposes. In the case of a closed access HNB the LAC will be chosen to be different from all surrounding neighbour cells.

3. The TR-069 ACS will notify a cell location database (CLD) in the operator’s network of the SAI for broadcast purposes of the HNB (SAI = PLMN + LAC + Broadcast SAC) plus the HNB’s location and HNB-GW address for message routing. This is necessary if there is not a full geographic mapping algorithm understood between TR-069 ACS and CBC 

4. The CBC is provisioned with the HNB Location, associated HNB-GW address, and SAI for broadcast.

5. The HNB registers with the HNB-GW providing its LAC and broadcast SAC to enable the HNB-GW to route incoming SABP messages from the CBC. The HNB-GW will compile a look-up table of broadcast SAI -> HNB address values for the purposes of routing. This step takes place after Step 2 and may take place in parallel with Steps 3 and 4. 
There are a number of challenges with operating this process without separation of geographic and radio parameters in the case of large scale HNB deployment because:
1. In consumer / closed access / non-operator coordinated HNB deployment the LAC is typically chosen from a small pool of values made available to the HNB as a part of self-configuration. To allow access control for non-CSG UEs the LACs should be different amongst neighbouring cells. This means that when a HNB is power cycled its LAC may change depending on new results of the NWL. This causes the HNB-GW to update its own look-up table, and the TR-069 ACS will need to update the Cell Location Database and it in turn the CBC. (The size of the over-the-air LAC pool is discussed in Section 2.3) 
2. The CLD and CBC will need to be updated every time a new HNB is activated and installed. During a consumer HNB roll-out this will be at a rate of several (or many) thousand per week, implying a daily update rate of at least many hundreds per day.

3. In case of a major re-start (e.g. regional power outage) the potential need for updating LACs as the HNBs re-start and re-register creates peak load on back-office links and OA&M as the system comes back up. 

4. The CLD and CBC will need to be updated every time a HNB is powered off in order that the CBC does not send an alert towards an unavailable HNB, triggering an error message from the HNB-GW back towards the CBC.
5. A HNB may move location – e.g. between home and office. This can trigger the provisioning of a different LAC and potentially SAC for broadcast, with corresponding updates as described above.  

Impact on HNB-GW
The HNB-GW may have to update its routing tables for cell broadcast with significant frequency.
Impact on CBC
A CBC has to be modified and dimensioned to handle automatic updates of HNB location and SAI for broadcast from the CLD, plus handling large peak load in case of an area-re-start
Impact on HMS -> Cell Location Database -> CBC link
Prior to Cell broadcast for HNB being deployed, and for macrocell use, the Cell Location Database and CBC is typically updated daily with new cell locations. This update may not be fully automatic. The advent of Cell Broadcast without any geographical coding will require a move from daily update to a by-the-minute update with the ability for the link to cope with large busy hour traffic (e.g. if there is a morning ‘switch on’ of many thousands of HNBs, or following a regional power outage)
Conclusion 1: current back-office OA&M links are not suitable for HNB emergency cell broadcast without significant changes and/or geographic-based coding.

Conclusion 2: There is a need to modify the operation of Cell Broadcast for HNB to decouple the geographic location of the HNB from the radio parameters used by the HNB.
Observation: whilst the SAC for Broadcast already used is not tied to radio parameters, it is only two octets in size and this does not provide sufficient area granularity for public warning systems that are expected to move to preferred accuracies of a few city blocks.
2.2. Operation
Figure 2 summarises the basic operation when an alert is received. 
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The process is summarised as follows:
1. The CBC receives an warning message and target area for distribution

2. The CBC carries out a search of all cell locations to determine the broadcast SAIs of those cells whose coverage overlaps the target area

3. The CBC generates and sends SABP messages [4] to HNB-GWs that address impacted cells under those nodes. The address space for the message is a list of SAIs

4. The HNB-GW receiving a message matches the received broadcast SAIs in the message against those HNBs registered with it and gets the transport addresses of matching HNBs. Error messages should be generated for non-matching HNBs. 
5. The HNB-GW forwards the SABP message over the SCTP link to the HNB
This process also creates challenges:
Message size

As discussed in [3] the address size for a node such as MME or HNB-GW supporting the maximum 64k cells can be several hundred kbytes. This may create a challenge for the HNB-GW to process sufficiently quickly to meet delivery requirements.
Processing capacity and time to meet public warning system requirements

The advent of HNBs and small cells significantly increases the amount of area matching that a CBC has to carry out. For a large operator, searching over 1 million nodes is now a possibility. At least one variant of public warning messaging has a goal of 4 seconds from a warning message being received at a CBC to delivery to a UE. Whilst this may be modified for consumer HNB where the backhaul quality is outside the control of the operators, it has to be expected that small cells HNBs in operator-controlled coordinated deployment will be included in that target. Hence the end to end processing load on CBC and HNB-GW should be de-risked.
The ability for a CBC to group cells in close proximity to each other would reduce the amount of searching required.
Conclusion 3: A mechanism of allowing the CBC to carry out a more efficient search, and reducing message address size would be beneficial. 
2.3. Size of the LAC Pool
In debate, it has been suggested that many of these problems could be resolved by selecting the size of the over the air LAC Pool differently. This section examines the options in more detail.

A. Using a Single Over The Air LAC
In this case, a single OTA LAC is used. This means that a legacy UE in idle mode will camp on cells that it may not have access permissions to and not attempt a Location Update. Only when it makes a service request is it rejected from a cell.
Pros: Does not generate unnecessarily Location Area Updates from non-member UEs apart from when service is requested.
Cons: This technique does not work in the case of co-channel macro-layer deployment. A UE requesting service would normally be rejected by a RRC Re-Direction towards the macro UARFCN. If this is the same as the HNB UARFCN, then the UE will not re select the macro layer if the HNB signal is stronger. 
B. Using a Small LAC Pool (e.g. 10)
This is the situation is common use now. 3GPP specifications only mandate that a UE stores 10 rejected LACs, and so in a dense deployment of HNBs, a legacy UE will learn the non-allowed LACs most quickly and significantly reduce radio signalling in the form of unwanted Location Area Updates
Pros: ‘False’ access attempts Radio Signalling by legacy UEs towards 
Cons:  The ‘matching’, processing and re-use issues described above
C. Using a Large size of LAC Pool 

In this case a large LAC pool is used and may even be configured statically. This means that the LACs are less likely to change on power cycling, but legacy UEs will attempt much more unnecessary radio signalling. 
Pros. LAC unlikely to change on power cycling. Maintaining Configuration is easier.

Cons. Violation of SON Self-Configuration principles. Unnecessary Location Area Updates.

Conclusion 4 There is no universal solution, and so further study should take place 

3. Options to improve system performance
Two options have been proposed either in CRs (e.g. [6]) or in related discussion, both of which have some elements in common. The first is by providing an additional routing parameter in the HNB Register Request message that will allow the HNB-GW to decouple over-the-air radio parameters from the SAI used for broadcast location, whilst the second is to adapt the Warning Area List mechanism used in LTE to SABP for use in 3G Cell Broadcast and would also lead to additional routing parameters being added to the HNB Register Request.    

Option 1 – RAN-based solution using Broadcast LAC for routing

This is as proposed at R3#77 and R3#77b and R3#78 and in R3-122468 [6], with R3-122692 [8] containing additional Stage 2 changes to clarify HNB-GW capabilities in handling one-to-many situations where HNBs share a SAI for broadcast. 
This approach supplies a broadcast routing LAC in the HNB Register Request message. This can be combined with the Broadcast SAC already introduced in Rel-9 to implicitly create a SAI for cell broadcast purposes, and de-coupled from radio parameters (e.g. LAC). This would allow the creation of a ‘constant’ broadcast SAI for a HNB that stayed in the same place. If an operator wished, geographic coding could be introduced into this broadcast SAI and they could be shared between HNBs in close proximity. This would mitigate the need for frequent updates over the OA&M back-office links as a CBC could send a message to such an SAI in the area of the warning message, and the HNB-GW would then forward in a one-to-many fashion. The HNB-GW would need to aggregate such responses towards the CBC.
Option 2 – Extending the Emergency Area ID List, as used in Warning Area Lists for LTE
This approach allows the CBC the option of sending messages addressed by either a list of SAIs or a list of Emergency Area IDs. Emergency Area IDs are operator-defined identities that can be used to group particular regions and aid routing.

The impact of this solution would be to 
1. Modify the SABP protocol to add an optional Warning Area List to the Write-Replace message from CN to RNC (HNB-GW) (see [4], section 9.1.3). The Warning Area List would be modelled on the Warning Area List used in the S1 protocol message Write-Replace Warning Request ([7], Sections 9.1.13, 9.2.1.46, 9.2.1.47) and consist of a Choice between a SAI List and an Emergency Area ID list. This would impact CBC, HNB-GW and RNC implementations.

2. The current Service Areas List in the SABP Write-Replace message would become Optional with assigned criticality changed to Ignore.
3. The HNB Register Request would be modified for a HNB to optionally supply the HNB-GW with a list of Emergency Area IDs that it is assigned to. The HNB Register Accept will indicate whether this parameter is recognised for use in order to ensure backward compatibility. A HNB-GW supporting the updated procedure will use these for routing.
There is the added benefit of making a full wildcard option, as in LTE, where an empty message implies broadcast to all HNBs or cells supported by the HNB-GW or RNC. This should reduce complexity and message size for country-wide warnings. 
3.1. Comparison Table

This section summarises the impact of the two options for the system
	
	Option 1 (add Broadcast routing LAC)
	Option 2 (Warning Area)

	Mitigates provisioning updates
	Yes
	Yes

	Enables radio parameter and geographic de-coupling
	Yes
	Yes

	Mitigates Warning Message address size and processing
	Not unless one-to-many option for HNB-GW is introduced in parallel as well
	Yes

	Impact on current HNBs supporting Cell Broadcast
	Small
	Small

	Impact on HNB-GWs supporting Cell Broadcast
	Yes – beneficial for rate of updating routing table. Changes to handle a one-to-many 
	Yes – beneficial. Limited impact of SABP changes.

	Impact outside HNB Subsystem
	No
	Yes – SABP affected (CBC, RNC)


3.2. Option Combination and Backwards Compatibility

It is also beneficial to consider the two options working together, since they benefit the system in different ways, as well as backwards compatibility with existing and potential evolved 3G Cell Broadcast solutions.
Operation using HNB supporting Rel-9, 10 Cell Broadcast

A HNB supporting the current Rel-9, 10 Cell Broadcast mechanism would continue to be supported by any evolved HNB-GW and CBC system by the CBC addressing it with messages using the SAI made up of LAC + Broadcast SAC, as currently.
Operation using HNB supporting additional Broadcast LAC

HNB-GW does not support Broadcast LAC:

A HNB supporting the additional Broadcast LAC will understand its SAI for use in the same way as the current Rel-9 HNBs is the registration of the Broadcast LAC is not acknowledged by the HNB-GW in the HNBAP HNB Register Response message.
HNB-GW does support Broadcast LAC:
If the HNB-GW does support Broadcast LAC then the addressing SAI will be made up of Broadcast LAC + Broadcast SAC and operation for the HNB will be as per the existing Rel-9 approach, with the CBC using this SAI to address the HNB in the case that SAI is used for addressing.
If the CBC and HNB-GW supported the Option 2 warning area approach as well as Broadcast LAC, then the CBC would be configured to send messages based on the SAI to those HNBs that did not support the Warning Area/Emergency Area ID option. The collection of SAI’s for Broadcast purposes could be logically partitioned into those for HNBs supporting the Warning Area/Emergency Area Id option and those not.
If the operator chooses to allow multiple HNBs to use the same Broadcast LAC + Broadcast SAC then the HNB-GW can be configured to forward a message from the CBC addressed to that SAI to all HNBs using that combination for broadcast, and to aggregate responses. Aggregation of the responses would need further study.
Operation using HNB supporting Warning Area/Emergency Area ID

HNB-GW does not support Warning Area approach
In this case, the registration of Emergency Area IDs will not be acknowledged in the HNBAP HNB Register Response message.

HNB-GW does support Warning Area approach

In this case, with the CBC supporting such an approach as well, the HNB could be addressed in the messages from the CBC by either an SAI (allowing the HNB to be uniquely addressed if necessary) or by an Emergency Area ID. In the second case the HNB-GW would forward the message to the HNB based on the Emergency Area IDs registered with it by the HNB. 

4. Conclusion and Proposed Way Forward
The performance of Cell Broadcast for HNB deployments is far from guaranteed. The above analysis has looked at two modifications that could be implemented to improve performance. Neither is a complete solution, but may form the basis of one. 
The Warning Area mechanism in Option 2 is more flexible and aligned with LTE but has impacts for the macro deployment and CBC as well as the HNB subsystem, whilst the Broadcast LAC for routing in Option 1 restricts impact to the HNB subsystem.
Proposal : RAN3 should carry out further study in Rel-12 to resolve outstanding issues and come up with a generic solution to the problem. 
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Figure � SEQ Figure \* ARABIC �2� Summary of Cell Broadcast Operation for HNB
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