3GPP TSG-RAN WG2 Meeting #71bis
R2-105723
Xi’an, China, 11th – 15th October 2010

Agenda item:

10.5.1
Source:
Nokia Corporation, Nokia Siemens Networks
Title:
Choosing an appropriate solution for UMTS ANR
Document for:

Discussion and Decision

1. Introduction
This paper provides some aspects to consider when considering an appropriate solution for ANR in UMTS in order to achieve the objectives of the work item.
2. Discussion
Some technical comparisons need to be made in order to identify which of the solutions provide the most appropriate solution for ANR while achieving the WI objectives.

Analysis has already been performed already in previous meetings, contributions, and email discussions, therefore here we provide a summary only. 
2.1 Triggering
It’s very difficult to compare directly the triggering needeed for each of the potential solutions, especially since for CELL_DCH SI reading, it has not been indicated how compressed mode would be triggered in order to trigger the physical measurements. However for the purpose of comparison we list the open issues and triggering methods.

	CELL_DCH SI reading
	CELL_PCH reselection
	Idle/PCH logging

	1st Trigger for compressed mode activation not clear for inter-freq/RAT cases – no proposals to date on how to address that issue. Assumption is that trigger will be low serving cell threshold (same used to trigger handover evaluation)
2nd trigger for SI reading can be performed based on physical detection of the cell (e.g. compared to a threshold). However it has not been shown that such a trigger can be found which would avoid causing handover failure, or dropped calls, assuming that this would be running while at the cell edge (e.g. running out of coverage on the service cell) then the flexibility of such a trigger will be difficult to optimise for ANR case.
	Trigger is based on thresholds very similar to CELL_DCH SI method – difference is the way in which NW controls whether the cell is allowed to be treated as a report candidate or not (via frequency blacklist, list of allowed frequencies, combined with target cell signal). The thresholds can be individually set in order to emulate thresholds used for handover, or can be set in order that particular deployment scenarios are addressed. This provides more flexibility in the configuration since thresholds are not dependant on call drop reliability or service impact.
	Not fully explained by proponents of solution. Our assumption is that neighbour cells must be reslected based on a threhodld in order to read SI, then UE must rerutn to the source cell to continue (and store information). May be dependant on MDT


Of the 3 proposed methods, only CELL_PCH reselection has been fully explained in previous meetings. It provides flexibility to the operator when considering what scenarios to address, since the trigger thresholds are not dependant on other factors (obviously that is within reason – e.g. UE can’t camp on a cell that is not suitable). 

CELL_DCH SI reading has several significant disadvantates, in that the thresholds are highly dependant on handover and call drop reliability, and are therefore not very flexible – in addition no solution has yet been proposed in order to address how and when compressd mode will be activated. 
2.2 Control
	CELL_DCH SI reading
	CELL_PCH reselection
	Idle/PCH logging

	Measurement control can be used to enable physical measurements and compressd mode however it’s unclear how the NW can decide whether a UE is under suitable conditions for performing ANR. Our assumption is that only UE at cell edge with compressed mode already active for performing handover measurments can be used.

Measurement control can be used to request SI from 1 cell at a time in UMTS/EUTRA cases. Not clear how it would work in GERAN case since no autonomous gaps have been defined for any GERAN cases.
	Source cell provides thresholds/parameters and allowed cells to perform ANR reporting in the reconfiguration message to PCH. Target cell indicates whether the reselection is allowed to be completed, and requests the report. Since Cell Update is sent for every reselection in CELL_PCH state, the network has full control whether the UE is allowed to attempt and whether UE is allowed to complete the reselection to a detected cell. 

UE can consider multiple cells for ANR at the same time, and is not delayed by waiting for second control message from the network since all the parameters have already been provided in advance. UE only proceeds to SI reading/reporting phase when cell meets the required criteria configured by the network for this case.

Note that SI reading part comes for free since UE anyway acquires SI when camping on a new cell. 


	Not fully explained by proponents of solution. Our assumption is that UE logging must be enabled in a reconfiguration message (e.g. when enterning CELL_PCH) and UE is provided some parameters such as threhold and cell blacklists. Unclear how large the log should be and how the NW can use the information to determine the missing relations.



	Additional signalling burden in order to request/report ANR measurements and SI during the critical phase of handover preparation.


	No additonal signalling messages needed since UE uses the same signalling procedure (cell update procedure) anyway when changing cell.


	New report mechanism needed.

	UE required to report frequency, PSC/PCI/BSIC, Cell identity/CGI in all cases.
	UE required to report frequency, PSC in UMTS case (cell update already contains other relevant information). 
Inter-RAT case also Cell identity/CGI needed.
	UE required to report frequency, PSC/PCI/BSIC, Cell identity/CGI in all cases.

	Small number of users in DCH state at any given time – low probability of having UE in correct location, long time to obtain meaningful results
	Large number of users potentially in PCH state at an time. High probability of UE in correct location, short time to obtain meaningful results.
	Large number of users potentially in PCH state at an time. High probability of UE in correct location, short time to obtain meaningful results.

	1 cell at a time reported

Neighbour relation not validated.
	1 cell at a time reported,
Neighbour relation validated implicitly.
	Multiple cells reported

Neighbour relation not vlaidated.

	Minor updates to signalling messages to support.
	Minor updates to signalling messages to support.
	Signalling impact not analysed.


From the above, it can be seen that a similar level of control can be obtained by providing the required information to the UE via dedicated signalling. In case of logging approach, some new procedure would be needed to report the information, which has  not yet been analysed enough. In case of SI reading procedure, UE needs to perform additional SI reading procedure and signalling during the critical handover evaluation phase.
2.3 Feature Dependency
	CELL_DCH SI reading
	CELL_PCH reselection
	Idle/PCH logging

	Dependant on Rel-9 CSG handover feature, and dependant on Rel-10 detected cell measuremenets WI
	None
	May be dependant on MDT


Use of cell reselection procedure means that the baseline procedure is already supported in all UEs in the field today, and has been supported since R99. This is a very significant advantage compared to the CELL_DCH SI reading method, in that there is no feature dependancy on a currently unverified Rel-9 feature and to the logging method which may have dependancy on MDT.
Cell reselection approach has been used for many years in commercial NW and UE deployments, hence the benefits and potential problems are well known - whereas the SI reading feature is currently unknown so there may be unanticipated problems to address before the feature is fully functional. 

Furthermore, for SI reading approach we would need to wait for CSG Rel-9 feature to become availabe before being able to proceed with testing of the ANR feature – and there is no guarantee that the feature can be easily ported to the completely different use-case. 
2.4 User Impact
In this section we provide comparison on user impact. Note that it is an objective of the work item to minimise the end user percieved impact to service and performance. User impact has been analysed in several previous contributions and most are well aware of the gaps in service required to support ANR SI Reading, however no study has been done to determine the impact on using autonomous gaps to read GERAN SI. 
Interruption to ongoing service / throughput:

	
	CELL_DCH SI reading
	CELL_PCH reselection
	Idle/PCH logging

	Intra-freq: 1 ANR reporting attempt
	None
	None
	None

	Intra-freq: several ANR reporting attempts
	None
	None
	None

	Inter-freq: 1 ANR reporting attempt
	Severe (600ms in slow moving UE case – unknown for fast moving UE however likely that situation is worse)
	None
	None

	Inter-freq: several ANR reporting attempts
	Very Severe (600ms per request for slow moving UE case)
	None
	None

	Inter-RAT EUTRAN: 1 ANR reporting attempt
	150ms (FFS). LTE->LTE case is 150ms. UMTS->LTE case not yet defined in RAN4 (similar requirement expected)
	None
	None

	Inter-RAT EUTRAN: several ANR reporting attempts
	150ms per request (FFS)
	None
	None

	Inter-RAT GERAN: 1 ANR reporting attempt
	Severe (exact length unknown – no study performed, no support in LTE->GERAN case)
	None
	None

	Inter-RAT GERAN: several ANR reporting attempts
	Very Severe (exact length unknown – no study performed, no support in LTE->GERAN case)
	None
	None


UE power consumption
	
	CELL_DCH SI reading
	CELL_PCH reselection
	Idle/PCH logging

	1 ANR reporting attempt
	Negligible
	Negligible
	Small

	several ANR reporting attempts
	Small (main impact due to gains given by CPC are lost, switching frequencies to perorm measurements in compressed mode, SI reading in autonomous gaps)
	Small (main impact due to reselecting to a detected set cell that would not otherwise be allowed – impact compared to reselecting neighbour list cell is 0 – e.g. if neighbour is added to neighbour list, no differenc to detecting during ANR case)
	Severe (additional SI reading attempts to other cells, while not camping on them, additional measurements to perform in Idle+multiple SI reading to in case of same PSC used for different cells)


Other impacts
	
	CELL_DCH SI reading
	CELL_PCH reselection
	Idle/PCH logging

	Increased handover failure rate
	Severe (due to SI reading attempts at cell edge + during handover measurements + preparation)
	N/A
	N/A

	Increased Missed paging rate
	N/A
	None (reselection and SI reading occurs during DRX, paging not missed)
	None (SI reading occurs during DRX, paging not missed)


From the above comparisons, it is clear that the solution with the most noticeable impact to the end user is SI reading solution, therefore this solution isn’t suitable to address the work item objectives. Clearly a solution which performs ANR measurements during DRX, when no impact to the user is expected would be desirable. A solution which utilises long periods of DRX provided in RRC connected mode to avoid impacting the ongoing service was the principle followed for defining ANR in LTE, and we should follow similar principles.
2.5 Security Threat
	
	CELL_DCH SI reading
	CELL_PCH reselection
	Idle/PCH logging

	threat
	May be security threat of reporting false node B, potentially “spying” on another PLMN.
	None (Cell Update Confirm must be integrity protected)
	May be security threat of reporting false node B, potentially “spying” on another PLMN.


CELL_PCH solution is the only approach which clearly has no security risk. Any security risk arising from the other 2 approaches needs to be discussed (see [4])
3. Conclusion
CELL_DCH SI Reading:

CELL_DCH SI reading solution doesn’t address the work item objective of minimising end user perceived impact to service and performance, as it causes severe degradation of service and throughut and greatly increases the chances of failed handover. It is also highly dependant on Rel-9 CSG SI Reading feature and can cuase other adverse effects such as reduction of cell capacity due to compressed mode being active. Furthermore, due to the relatively small number of users in an active service compared to users which will be in other states is relatively small it’s unlikely that ANR using SI Reading can be fully relied on in order to detect missing neighbour relations due to the small probability of finding a UE under the right conditions in the right location. Furthermore, SI reading approach does not provide enough information to determine of whether a detected neighbour relation is used frequently by UEs or not.
Many of the issues that have been raised with regard to CELL_DCH SI reading have not been addressed, and therefore it’s unliekly that the work to address this can now be compeleted within Rel-10 timeframe. 
Proposal 1: CELL_DCH SI reading should be eliminated from the potential solutions being considered in RAN2, and we should focus discussions on deciding which of the CELL_PCH solutions to use. 
Ide/PCH logging:

Reducing the options down to those which do not cause severe degradation to existing services and reliablility, we have less concerns to compare. However, it appears that there are many open issues regarding whether or not the log-like approach can work for various NW architecture options there needs to be much more study perormed in RAN3 in order to determine if the appraoch is feasible. From a RAN2 point of view, the log approach can cause severe power drain in the UE due to many SI reading attempts, introduces requirements to UE log size in order to store Cell IDs, and also this log approach doesn’t provide the information needed to determine whether a neighbour relation is valid.

Proposal 2: Due to severe impact to UE power consumption, and many NW architecture questions which are unlikely to be resolved in Rel-10, it’s proposed to discard the Idle/PCH logging approach. 

CELL_PCH reselection:
From the analysis we have seen so far, CELL_PCH reselection approach provides the most reliable and robust method for determining missing neighbour relations, and has the least impact to end user, causing the least amount of problems – hence this is the most suitable solution if we are to meet the work item objectives. In addition, it provides better performance since the missing neigbour relations are validated by completion of successful mobility procedures – multiple successful ANR reports provice the NW with a good indication of how often a neighbour relation is used. Also it’s possible to configure many UEs hence there is a much higher probability of finding the missing neighbour relations compare to e.g. a CELL_DCH approach, and it’s possible to configure the UEs with different parameters to test various mobility scenarios – we don’t rely on having to avoid dropped calls/failed handovers. 

Therefore it seems obvious which of the solutions discussed so far is the most appropriate to meet the needs of the ANR feature in UMTS. Since there is a lack of reasonable alternatives, and there is limited time left in Rel-10 we should focus our efforts on solving the issues needed to proceed with this approach.
Proposal 3: Focus discussions now on the proposed CELL_PCH reselection approach, or variants thereof, and address the relatively small issues needed to be solved in order to complete the work within the Rel-10 timeframe.
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