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1
Introduction
In R3-14xxxx observations concerning the “Introduction of new closed HNB to a dense deployment leads to LAC replanning” issue were made. This document proposes changes to TR25.703 that are based on such observations.

The rationale behind the changes is mainly that the procedures for legacy UE access to CSG HNBs specified in section  5.1.2 of 25.467 imply that UE access control occurs after the UE has attached to the HNB and initiated LAU procedures. Therefore, the signalling associated with initiation of LAU for legacy UEs or any related behaviour cannot be listed as a disadvantage, or a drawback, because this is the behaviour RAN3 has accepted as the best compromise when standardising procedures for legacy UE access to CSG HNBs. The latter was agreed also considering that the HNB GW shall not terminate or intercept NAS.
2
Proposed Changes to TR25.703
---------------------------------First Change---------------------------------

7.1.2
Introduction of new closed HNB to a dense deployment leads to LAC replanning (Issue #2)

This scenario is caused by the event that a new closed access HNB is introduced when the size of the LAC pool available to the HNB is the same size or less than the number of distinct LACs in the neighbours. This will mean that if the HNB selected a LAC in the current LAC organisation there would be neighbouring LACs which are the same  and so this would lead to a need to re-plan the LACs in a certain area unless a ‘single LAC’ approach had been adopted.

This creates a near-identical set of technical issues to Issues #1 and #4 (Group 2 6.1), although probably of a lesser scale.

Impact

These actions may have a significant impact on a number of network nodes and links including:

· HNB-GW

· HMS

· CBC

· Cell Location Database (CLD)

· HMS – CLD link

· CLD – CBC link 
These are now discussed further. The impact of broadcasting a single LAC for closed access HNBs included in the discussion and shown to have user experience impacts issues.

7.1.2.1
Use and Change of LACs

The format of the SAI used to address a HNB by the CBC for the purposes of Cell Broadcast is PLMN + LAC + SAC.  The SAI required for emergency cell broadcast is currently required to be unique. Consequently any change in the LAC used causes a change in SAI that in turn needs to be communicated to both the HNB-GW and the CBC.

Population of the CBC is via the Cell Location Database (CLD) so this in turn needs to know whenever a LAC (SAI) has changed in order that it can update the CBC.

Observation 1: The current specification for 3G requires that the CBC and intermediate nodes need to be stateful about the status (on/off) and SAI of every HNB (and nodeB). This is true even when an emergency warning alert is not taking place. In the case of a macrocell network, there is very little or no change in state, whilst in a HNB network there may be ongoing activity.

Observation 2: The higher layer parameters (TAI, Warning Area etc) available in LTE provides an option for this ‘statefulness’ to be required only when an alert is taking place.
7.1.2.2
LAC Changes triggered by new Power Up or Replanning

In the case that LAC changes due to a new power up, (e.g. due to SON configuration) then as noted above, this causes an SAI change that needs to be propagated throughout the whole system.

Accordingly:

· The HNB-GW will receive the new LAC (and thus SAI) during HNBAP HNB Register Request. It may also need to forward an SABP Restart message from the HNB towards the CBC.

· The HMS will record the selected LAC used, as is normal in any start-up and configuration, and will also need to update the Cell Location Database that the HNB is actually switched on at a particular physical location, linked HNB-GW address, and with a particular SAI.  This seems to have little change from a normal power up when the LAC does not change as long as the CLD is required to remain ‘stateful’ prior to any alert being issued. Note that prior to Cell Broadcast the HMS update of cell location could be done regularly but with a reduced real-time requirement.

· Cell Location Database will receive the details described above from the HMS, record them and update the CBC
Observation:   This means that the CLD needs to effectively operate in real time, not via a daily update as it currently typical for macro-cell deployments
· The CBC will receive the location of the HNB, SAI, HNB-GW address and that the HNB is switched on, from the CLD. It may also receive an SABP Restart Message from the HNB, forwarded by the HNB-GW.

· HMS – CLD link will need to be permanently live to cope with the real time updates of HNB status and other information. It will also need to be suitably dimensioned to cope with peak traffic loading.

· CLD – CBC link will need to be similarly live and dimensioned as per the HMS – CLD link
7.1.2.3
Number of LACs and Scaling

It remains to be considered how often these changes considered above will take place in order to assess the overall impact. Part of this will be due to cultural issues such as a tendency to switch off a HNB overnight and on again in the morning, effectively introducing new HNBs over time to the deployment, but for the purposes of standardisation this must be assumed to happen. 

In the case of closed access HNBs, the LAC used is set to be different from those of surrounding cells in order to trigger access control for legacy UEs. The one exception to this is if a single LAC is used for all closed access HNBs and non-member UEs are allowed to camp on a HNB until they request service, whereupon they are re-directed if this is possible (which is not always the case).   

There has been much discussion on the number of LACs that can (or should) be allowed and corresponding impacts on overall system performance, but the following summarises the approaches suggested.

a) Single Broadcast LAC

In this approach a single LAC is broadcast over the air and in a dense deployment with overlapping cells (e.g. neighbouring apartments or properties), non-member UEs may camp on a HNB until they request service, as described above. It also incurs similar updating of nodes on start-up, as described above, even if the parameter (e.g. a separate LAC) used for registration and indexing does not change.

The advantages are that
· It minimises over the air planning and small unnecessary radio signalling when the UE does not want service

However, the approach has a number of disadvantages, namely that

· It does not work in the case of co-channel deployment with macro cells, because the RRC Re-direction when service is requested will not be able to identify the macro cell layer for the UE to redirect to

· The UE (and its user) may erroneously believe that they have service when in fact they do not. Operators may not wish to deceive their customers in this way.

· Unnecessary signalling when a UE wants service but is either not able to receive it or is redirected
b) A small LAC pool (~ 10)
Operators can have good reasons to keep the pool of LACs allocated for HNBs down in order to improve network efficiency. This is because a common mechanism to reject non-member legacy UEs from closed access is HNBs is via rejecting a Location Area Update request. A UE only stores the previous 10 rejected Location Areas on its SIM and so utilising a small number of LACs enables this list to be as fully inclusive as possible and to be accumulated quickly, thus minimising unnecessary access attempts that could load the network. Consequently

The advantages are that

· Allows co-channel deployment

· Small total signaling for idle mode UEs as they learn allowed / non-allowed LACs

· UEs and users are clear when they have service or not

The disadvantages are the current scenario under discussion – i.e. that

· LACs may need re-planning when a new HNB is introduced into a dense deployment and there is not a spare LAC immediately, or possibly on re-start as the LAC ‘map’ is sorted out
· Location Area Updates to closed accessible cells is rejected if the UE has been previously rejected access in a non-accessible closed cell with same LAC as accessible cells.
c) Large LAC pool (>> 10)

In this approach there is a large LAC pool. In comparison with the above mechanisms there is the advantage that

· Very little LAC re-planning is likely to be needed. Therefore the issues of scalability related to frequent changes of LAC in closed HNBs do not apply.

· 
· 
These are summarized in the following table

Table 1: LAC Pool Size Impact on Cell Broadcast and RAN

	LAC Pool Size
	RAN Impact
	UE Impact
	HNB-GW impact
	HMS Impact
	Service Impact

	1 (common LAC)
	Does not work in co-channel macro deployments as RRC Redirection does necessarily work to get UE to reselect on same frequency
	UE may indicate service when none is available, if outside macro range
	HNB-GW has to handle LAC transposition for cell broadcast separately
	The LAC has to be over-the-air only with separate individual LAC – HNB mapping agreed between CBC, CLD and HNB-GW & HMS
	Operator may be pretending to a user that they have service when it is in fact not available



	Medium (~10)
	
Due to the small size of HNB cells a number of LAC equal to ~10 may not be sufficient to guarantee LAC uniqueness in a neighbourhood.
	
Rejection of Location Area Updates to accessible cells sharing same LAC of non accessible cells
	New HNB Registration due to frequent change of LACs to avoid reuse of same LAC in a neighbourhood
	Impacts due to re-assignment of new LAC 
	Denial of access to accessible closed cells when accessible and non-accessible cells share the same LAC

	Large (>> 10)
	
OTA signalling as per legacy UE access to CSG HNBs procedures, specified in 25.703
	OTA signalling as per legacy UE access to CSG HNBs procedures, specified in 25.703
	
	Small
	


Observation
Whilst there are mechanisms for approaching different RAN configuration and radio engineering problems, each mechanism has some advantages as well as disadvantages and negative impacts, so there is not a universal standardised solution that solves all issues. Consequently, dense operator deployments currently have to make some trade-offs that need to be handled.

---------------------------------End of Changes---------------------------------

3
Conclusions

It is proposed to agree to the changes in section 2 and to include them in a new version of the TR25.703
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