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1 Introduction

At the RAN2#70bis, it was agreed that available UE neighbouring measurements performed in idle for intra-frequency/inter-frequency/inter-RAT can be reported [1]. At RAN2#71 meeting, whether the configuration should be able to restrict the amount of reporting from neighbours was discussed but without agreement [2-6]. This email discussion is aiming to progress the following issues:
- Whether it is necessary to configure limitation for neighbouring cell reporting, and if so, how to limit it
- What should be logged and reported related to neighbour cell measurements
For each issue, we list some possible options in section 2.2 as the basis for discussion. Companies are requested to indicate relevant options that are not yet covered. 
Finalization date: Monday October 4th 2010, midnight Pacific.
2 Discussion
2.1 Availability of neighbour cell measurements
What we’ve agreed for neighbouring cell logging and reporting is based on “available” measurements, which means that this action doesn’t impact on existing cell (re)selection criterion, measurement rules, minimum measurement rate, and etc. The intention of restricting the amount of neighbouring measurements is to filter some less meaningful measurements so that the burden on UE’s memory and air interface could be reduced as much as possible, while the important measurement results could be reported to the network.
The amount of available neighbour cell measurements mainly depends on the serving signal level, the number of detected neighbour cells and priority of the serving cell. Generally, the principle of neighbour cell measurements could be summarized as follows:

· When UE is in good coverage

- The UE may choose not to perform measurements of intra-frequency cells, inter-frequency or inter-RAT cells of equal or lower priority.
- Inter-frequency/inter-RAT layers of higher priority are searched for periodically. Cells detected during this cell search procedure are measured periodically for some subsequent time. If reselection has not occurred after evaluation, the UE is not required to continuously measure the detected higher priority cells.
· When UE is in poor coverage

- The UE shall perform measurements periodically based on the thresholds and the minimum rate defined for intra-frequency, inter-frequency and inter-RAT cells [7-9].
It should be noted that the rate defined in [7-9] is the minimum requirement of neighbour cell measurements, and UE may choose to perform measurements more frequently. For details of neighboring measurements, please refer to [7-11].
2.2 Logging and reporting for neighbour cell measurements

Based on the above description, we will discuss the following two issues.

Issue 1: Whether it is necessary to limit the amount of neighbouring cell reporting, and if so, how to limit it?
· Option a) No need to limit, i.e. logging and reporting all the available neighbouring cell measurements
· Option b) It is necessary to limit the amount of neighbouring cell logging and reporting, and the detailed mechanism could be

- Option b1) Introduce the threshold to limit the neighbouring cell measurements reporting
The threshold is required on a per RAT basis. The threshold corresponds to RSRP or RSRQ for EUTRA, RSCP or Ec/No for UTRA and Rxlev for GERAN. UE should log and report the available neighboring measurements which are better than the given absolute threshold.
- Option b2) Introduce the offset to limit the neighbouring cell measurements reporting
UE should log and report the available neighboring measurements (i.e. RSRP or RSRQ for EUTRA, RSCP or Ec/No for UTRA) which are offset better than the serving cell. Unlike threshold which could be applied to intra-frequency, inter-frequency and inter-RAT measurements, offset can only be used to limit the amount of intra-frequency and inter-frequency measurements.
- Option b3) Log and report a maximum number of neighbour cells

The N strongest neighbour cell measurements will be logged and reported.  The quantity for ranking the cells could be RSRP or RSRQ for EUTRA, RSCP or Ec/No for UTRA and Rxlev for GERAN. Several sub-options could be derived from this option. For example, the maximum number N could be fixed in specification or configured by network, and the maximum number could be configured per frequency basis or per RAT basis. Companies which would like to go for this option are requested to indicate their preference in detail.
- Option b4) Combination of some of the above alternatives
Companies are requested to indicate what kind of combination, e.g. b1+b3 is preferred.
Company opinions
	Company
	Comments/discussion
	Position

	CMCC
	According to requirements of neighbour cell measurement, most of the neighbour cell measurements are triggered when the UE is in poor coverage. Some measurements of higher priority cells might be available when UE is in good coverage, but if reselection has not occurred after evaluation, the measurement could be stopped. Generally, all of the available neighbour cell measurements are useful for the operators to get knowledge of surrounding condition of a serving cell. But as discussed before, the main purpose of reporting the neighbour cell measurements is to detect pilot pollution or “island” coverage, and so as to change antenna downtilt or cell reselection parameters. From this perspective, the relatively strong neighbour cell measurements are more important and meaningful than the weak ones. Therefore, in order to reduce the log size, configuring the threshold, i.e. option b1) is a reasonable mechanism to limit the amount of neighbour cells reporting.
Since most of the neighbour measurements are available when the serving cell becomes not so good, it seems unnecessary to introduce additional offsets to limit the amount of measurements and configuring a suitable threshold could achieve the similar effect. Furthermore, offset based limitation can not be applied to all measurements. For simplicity, using the threshold only is sufficient.
Regarding the maximum number based limitation, the problem we see is that in some cases this method might miss the important results, and in other cases some less meaningful results are reported. We think with appropriate threshold, the log size could be limited. If many neighbour cell measurements are falling into the logging, all of them are worth being understood by the operators.
	Option b1).


	RIM
	We agree with CMCC in that relatively strong neighbour cell measurements are more important. At the same time it is also important to report neighbour cell measurements at the cell edge to investigate in the coverage at the cell edge. In Option b1), a threshold is used to limit the number of neighbour cells. In order to cover both good coverage and the cell edge case, the threshold should be configured to a low value for example less than Sintrasearch or Snonintrasearch. Then the threshold does not work efficiently to limit the number of neighbour cells in good radio condition. 
We think that reporting at most N best cell measurements per evaluated frequency (intra/inter RAT) would provide useful information and at the same time limiting the number of neighbour cell measurements effectively. It can be assumed that the number of  frequencies the UE evaluates is usually at most 2 or 3.
	Option b3) and upper limit is indicated  per frequency (intra/inter RAT)

	CATT
	First, we considered that no limit is impossible, the growing log may become larger and larger, and UE memory could not endure such huge size.

Second, to limit log size to an acceptable degree, we need some restriction. To control the cells which could be logged, option b1) may be necessary as CMCC mentioned. To limit the whole size, option b3) is needed, i.e., a maximum number could control from the top level. Besides, the message format of ASN.1 also needs a “maxNumber” definition. 

So to limit the size of neighbouring cells and control the cells to be logged, we suggest option b4), i.e. b1+b3 is preferred.
	Option b4 (b1+b3 is preferred)

	ZTE
	Absolute threshold to limit the amount of neighbouring cell reporting is a more general approach than the offset solution (Option b1). A maximum number per frequency should be defined as well (Option b3).
	Option b4 (b1+b3)

	Ericsson, ST-Ericsson
	Among the alternatives discussed above, we think limiting the number of ncells per freq/RAT logged by the UE is a reasonable compromise on reducing the log size in Rel-10. For inter-freq/RAT logging/reporting to monitor coverage situation, we believe typically one ncell per inter-freq/RAT is sufficient, as this will indicate potential target cells for UE cell re-selection. 

For intra-freq cells, we need also consider what we in Stage 2 have captured as (section 5.1.1.3.3)

· if GNSS location information is not available when the measurement was taken, the UE includes RF fingerprint information consisting of: PCI/PSC + RSRP/CPICH RSCP for up to 6 intra-frequency neighbour cells

For this case (“GNSS loc info not available”), we propose that no additional limit on number of logged/reported intra-freq ncells is introduced. Our view is that UE implementations will typically only be able to measure/log/report 2-3 intra-freq ncells. 

One method to further reduce log size (not covered in this discussion) would be to introduce a configurable threshold on serving cell radio condition. In case of bad serving cell condition (below threshold), UE starts logging. In case of good radio condition, no logging is performed.
	Option b3.

	Huawei
	We really do not see the beneficial to log the inter-RAT measurement in the neighbour cell log. Furthermore, we should reduce the log size as possible as we can. So we would like to propose not to log the inter-RAT neighbour cell measurement.

For the limitation method, we prefer option b1.
	Option b1).



	LGE
	As we agreed not to consider event triggered logging for Rel-10 (other than location info), we hope selected solution will not mimic event-like logging. We prefer simpler UE behaviour.

Our preference is that UE can include neighbours up to N best cells per frequency up to M frequencies (kind of option b3). Configurable M, N will provide operator to select suitable values for their own network environment.

Additionally, for inter-RAT, network can also configure which RAT is logged.

If we still have a concern on large log size, further optimization can be considered such as logging only in case of bad serving cell condition.
	Option b3

	Kyocera
	We agree with RIM on this issue.  Specifying at most N best neighbour cell measurement per frequency with option b3 is sufficient. The only advantage to including option b1 also is to further limit the number of neighbour cell measurements based on thresholds which isn’t necessary if we can already achieve the limitation through option b3. 
	Option b3

	Hitachi
	We think it would be better to have some limitation on the number of neighboring cells in the MDT reporting. However, with option b3, UE can report only the fixed number of cells even if there are any other cells whose information is useful. Considering the neighboring cells that are relatively strong are important, we think option b2 is reasonable. Additionally, b3 can be considered as loose limitation if a large number of cells satisfy the condition b2.
	Option b2 + loosely upper-limited by b3

	ALU
	There may not be any limit of reporting with b1 option, depending on how the settings are configured for reselection. UE may need to break with traditional reselection mechanism in order to measure cells of ‘lower quality’ and S criteria than current cell

So there would need to be a  restriction with b1 option that the settings cannot conflict with reselection. Therefore be lower than the criteria for reselection. So this option seems only to make sense when it is actually option b2.

But our preference would be for b3, and thereby not impact current agreement to not impact on existing cell (re)selection criteria or measurement rules
	b3

	Nokia, NSN
	For the UE with good serving cell signal, limiting the number of logged neighbour cells does not seem to be vital as normally UE does not hear more than couple cells. Most of the time UE will hear only one cell i.e. the serving cell which presumably has sufficiently good signal level. So if the number of neighbour cells wants to be limited a feasible limitation to us seems to be to only log the best cell on each layer, or then no limitations at all to avoid too complicated solutions. 

UE is normally always camped on the highest priority layer. Serving cell being better than Snonintrasearch will block the measurements of all lower priority layers. Regardless of Sintrasearch, UE will search for higher priority cells periodically and whenever good one is found UE will camp on that. 

So this behaviour already blocks the measurement results to be reported if the serving cell is good – occasionally UE may have some results from not so good higher priority cells. Therefore, we see no need for introducing additional limitations.
For UE with poor signal level, the UE most probably experiences coverage problems assuming that the cell re-selection process has managed to find best suitable cell. If in such situation the signal level goes low, UE should have measurements results also from lower priority layers (if in the coverage). However, to have any kind of threshold/offset blocking the neighbour cell measurements seems a bit difficult to set. We think that having too complex rules should be avoided and simple methods are preferred.

Pilot pollution seems to be really only valid for logging intra-frequency neighbours. Hence, to us the case may not be represented by measurements results the signal level is already poor and assuming the best cell has been selected. There are suitable triggers in connected mode to get measurement samples for the use case. It should be also noted that the network need to utilize MDT reporting from many UEs in a statistical manner so the single reporting will not be decisive when drawing conclusions about the coverage.

To us in poor signal level situations it would be beneficial to get measurement result of weak cells as well to understand that there is a problem. And whenever the serving cell is not good then it seems important to get results of cells on other layers, if any, to see if there is supporting coverage available.

In summary, we think that with good signal conditions current re-selection parameters could already be used to block much the unnecessary logging. In weak coverage, some simple rule could be t here to limit excessive neighbour cell measurement collection. Possibly just best cell on each layer could be considered to filter out unnecessary data and would leave only the most relevant results in the log.
	Modified option b3 where the max comes from the number of layers (best cell/layer logged).

	Samsung
	Our preference is Option b3). It’s uncertain that threshold-based reduces log size. Since the threshold should be really low in order to get handover candidates at cell edge, UE may log many neighbour cells. 

For flexibility, the maximum number N could be configured by network, and the maximum number could be configured in total number of neighbour cells regardless of per frequency basis or per RAT basis. 
	Option b3

	NTT DOCOMO, INC.
	- We would like to re-confirm the necessity of reporting intra-frequency, inter-frequency and inter-RAT measurements, considering the use cases mentioned by CMCC.

- For ASN.1 coding purpose, fix upper limit of max.number of logged/reported neighbor cell for in specification would be specified. For the purpose of limiting the log size, configuration of maximum number N of cell to be logged/reported (option b3) should be effective and simple enough. The same configuration should be applied for each intra-freq, inter-freq and inter RAT.

- Further clarification on the condition on which layer of neighbor cell measurement should be included, may be beneficial. I.e. the ones which are included in the system information broadcast and also supported in UE capability.

- With regard to the relation with the case when “GNSS loc info not available”, if neighbor cell measurement is always included, then duplication of neighbor cell measurement in as an RF Fingerprint may not be needed. (Stage3 formulation issue). However, in this case, the max.number of the neighbour cell measurement should be sufficient enough for location triangulation purpose, e.g., more than 3.
	Slightly prefer option b3.


Summary and proposed way forward

No company prefers option a, which means that all the companies support to configure limitation for neighbouring cell reporting. As for the details of limitation mechanism, 
· 10 companies support option b3, i.e. configuring a maximum number for neighbouring measurements reporting, and the following sub-options were proposed by the participating companies (one company supporting option b3 didn’t indicate the detailed preferred configuration)

- Reporting up to N best neighbour cells per frequency: RIM, LGE, Kyocera, NTT DOCOMO, INC.
- Reporting the best neighbour cell per inter-frequency/inter-RAT and no additional limitation for intra-frequency neighbour cells reporting in the case of no GNSS location information available: Ericsson, ST-Ericsson

- Reporting the best neighbour cell per frequency: Nokia, NSN

- Reporting up to N neighbour cells, and the maximum number N could be configured in total number of neighbour cells regardless of per frequency basis or per RAT basis: Samsung

· 3 companies support option b4, and the preferred combinations include

- Option b1+b3: CATT, ZTE

- Option b2+b3: Hitachi
· 2 companies support option b1: CMCC, Huawei

In addition, in order to further reduce the log size, 3 companies proposed to only start logging when the serving cell becomes worse than a threshold. 
One company proposed not to log inter-RAT neighbour cell measurements. Since logging and reporting inter-RAT neighbour cell measurements has been agreed at RAN2#70bis and reconfirmed at RAN2#71, we think it is unnecessary to re-open this discussion.
Considering that majority companies prefer option b3, to make progress we propose
Proposal 1: Introduce a maximum number as the limitation for neighbour cell measurements reporting (option b3), and RAN2 is kindly asked to further discuss the detailed configuration.
Issue 2: What should be logged related to neighbouring cell measurements?
· Signal strength, signal quality: both RSRP and RSRQ for EUTRA, both RSCP and Ec/No for UTRA, Rxlev for GERAN
· Carrier frequency (for inter-frequency/RAT)
· Physical cell identity of the logged cell
· Other parameters, e.g. priority of the logged carrier

Company opinions

	Company
	Comments/discussion
	Position

	CMCC
	We assume that this issue is independent of the discussion on limitation mechanism, which means that the same parameters are reported no matter which limitation method is finally agreed. 
The signal level and quality for measured EUTRA, UTRA and GERAN neighbouring cells should be logged/reported. Moreover, in order to identify the logged cell, the carrier frequency (for inter-frequency/RAT) and physical cell identity are needed as well.

As discussed during the last RAN2 meeting, time stamp and location information for the measured neighbour cell are unnecessary to be logged/reported, since we can refer to the nearest serving cell logging. Some extent of time/location inaccuracy for neighbouring cell logging is acceptable.
	- Both RSRP and RSRQ for EUTRA, both RSCP and Ec/No for UTRA, Rxlev for GERAN
- Carrier frequency (for inter-frequency/inter-RAT)

- Physical cell identity of the logged cell


	RIM
	Absolute priority can be given by dedicated signalling per UE basis or by system information. It controls cell reselection behaviour to e.g. balance the number of UEs in each frequency, etc and it can be changed from UE to UE or semi-statistical manner. Therefore we think it is important to report Absolute priority in addition to the cell measurements. 
	In addition to the above, absolute priority should be reported.

	CATT
	To implement a fundamental function of MDT, such as drawing a coverage map for whole cells, we thought the carrier frequency, the PCI and the signal strength/quality should be included in the log of neighbouring cell measurement.
	Same as CMCC

	ZTE
	The first 3 bullets are essential information to be reported. Other parameters may be considered as optimisation. 
	Same as CMCC and CATT

	Ericsson, ST-Ericsson
	The first 3 bullets are essential information to be reported.
	Same as CMCC

	Huawei
	We assume that the available neighbour cell log should reuse the time stamp and location of the serving cell log. There is no independent time stamp and location for the neighbour cell log. 

In order to identify the neighbour cell log, only the physical cell identity of neighbour cell should be reported. eNB can know the neighbour cell carrier frequency by physical cell identity of neighbour cell if the OAM really need this information.
	- Both RSRP and RSRQ for EUTRA.

- Physical cell identity of the logged cell

	LGE
	- First 3 bullets are enough information to be reported.

- Other parameter: Logging and reporting of other parameters (e.g., priority) are not needed as in principle those can be fetched within network
	Same as CMCC

	Kyocera
	We agree with CMCC, CATT and ZTE that only the first 3 bullets needs to be reported. 
	Same as CMCC, CATT and ZTE

	Hitachi
	We agree that the first three items listed above are essential.
	Same as CMCC

	ALU
	
	Same as CMCC

	Nokia, NSN
	We prefer to form a content of logged neighbours with the most essential information. 

We also think the general principles for serving cell logging will generate all the relevant information in context of time and position. Therefore, since measurement results obtained from neighbouring cells will follow serving cell  logging there is no need to record time stamp and location information separately.
	Same as CMCC

	Samsung
	We agree that first 3 bullets are essential. 
	Same as CMCC

	NTT DOCOMO, INC.
	We agree that first 3 bullets are essential.
	Same as CMCC


Summary and proposed way forward

14 companies think the first 3 bullets should be logged. One company propose to report the absolute priority of the logged frequency additionally. One company think only RSRP, RSRQ and PCI for EUTRA should be reported. Considering the opinions of majority companies, we propose
Proposal 2: The reporting parameters for the neighbour cells logging should include
- Measurement results for the neighbouring cells: both RSRP and RSRQ for EUTRA, both RSCP and Ec/No for UTRA, Rxlev for GERAN
- Carrier frequency (for inter-frequency/RAT)
- Physical cell identity of the logged cell
3 Conclusion and Recommendation
This paper includes the following proposals, that RAN2 is requested to conclude:
Proposal 1: Introduce a maximum number as the limitation for neighbour cell measurements reporting (option b3), and RAN2 is kindly asked to further discuss the detailed configuration.

Proposal 2: The reporting parameters for the neighbour cells logging should include

- Measurement results for the neighbouring cells: both RSRP and RSRQ for EUTRA, both RSCP and Ec/No for UTRA, Rxlev for GERAN
- Carrier frequency (for inter-frequency/RAT)
- Physical cell identity of the logged cell
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