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Discussion and decision
1. Introduction
In RAN2#72, the following agreement was reached on the RRM/RRM/CSI measurement resource restriction patterns.

	Pattern1:
1)  Will signal one pattern to the UE for RLM/RRM measurements on the serving
Pattern(s)2:
2) Will have at least one pattern to the UE for neighbouring cell RRM measurements
3)   FFS whether a PCI range linked to this one pattern; details of PCI signalling
Pattern(s)3:
4)  Will have separate signalling for patterns relevant for CQI


The main focus of this email discussion is to discuss the details of the pattern 2. 

2. Discussion

2.1. Recapping time domain ICIC basic 

The main purposes of RRM/RLM measurement restriction are summarized below.  
Macro-Pico:

a) UE served by Pico (PUE) should use macro’s ABS for measuring weak serving pico cell 

b) UE served by Macro (MUE) should use macro’s ABS for measuring neighbour pico cell in order to be able to measure a weak pico interfered by macro’s signal with sufficient accuracy (i.e. enables in-bound mobility to a weak pico cell)

Macro- Femto:

c) MUE should use femto’s ABS for measuring the serving macro cell in order to be able to remain served by the macro cell under strong interference from the femto

However the network environment usually is not as simple as one to one relation as described above. In the context of eICIC, it should be considered that neighbour cells are of different cell types and may employ different ABS patterns. This was discussed in the email discussion [71b#26] and RAN2#72 meeting.

2.2. Baseline from offline discussion in RAN2#72

Offline discussion in RAN2#72 generated the following temporary way forward for the pattern 2 assuming that the use of RRM measurement resource restriction should be limited to cells for which coverage enhancement is needed, and no RRM measurement resource restriction should be used for cells with no coverage extension.

· A single RRM measurement resource restriction applied to neighbour cells with PCIs that are signalled. For other neighbours no RRM measurement resource restriction applies.

For example in case of macro-pico case, the MUE may be configured to use RRM measurement resource restriction for measurement of pico cells (i.e. measuring protected resource of picos).


[image: image1.emf]Serving Macro Cell

(using ABSs)

Pico Cell

Macro UE

Pico

’

s protected 

resources

Pico Cell

Macro Cell

No restriction


Figure-1: macro-pico case: RRM measurement for neighbour cells
But further potential enhancement or optimization could not be addressed sufficiently in the RAN2#72 meeting and hence the final agreement mentioned “at least one RRM measurement restriction”. In order to facilitate further discussion, the temporary way forward above and the following summary in the table-1 could be used as the starting point  in this email discussion.

Table-1:
Necessary measurement resource restrictions
	Meas. resource restriction
	Pattern 1
	Pattern 2

	Cell types
	Serving cell measurement and RLM
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	Case 1) PUE
	Subset of Macro’s ABS

a) in section 2.1
	No resource restriction
	Subset of Macro’s ABS (*1)
	No resource restriction

	Case 2) MUE out of femto’s coverage (free from femto’s interference)
	No resource restriction needed
	No resource restriction
	Subset of Macro’s ABS

b) in section 2.1 
	No resource restriction

	Case 3) MUE in femto’s coverage (Subject to interference from femto) 
	Subset of Femto’s ABS

c) in section 2.1
	Subset of Femto’s ABS (*2)
	Subset of Femto’s ABS (*3)
	No resource restriction


*1)
This addresses overlapping pico’s CRE. The UE is able to measure neighbour pico’s weak signal that could interfere with the serving pico cell signal.
*2)
This addresses mobility between macros within femto’s coverage

*3)
This allows the UE to identify the best serving cell (i.e. it can be a macro or a pico cell). Note that RAN2 concluded that it is not essential to support pico CRE within femto’s coverage in release-10.
*4)
In scenarios where multiple cells are source of interference, the “Subset of Macor’s/Femto’s ABS” in the table can be intersection of interfering cells’ ABS.
	Company name
	Comment

	Motorola Mobility
	We note that terms such as "Pico UE", "Macro UE", "ABS of macro cell" etc are used in table 1. However, in reality, the UE does not know whether the serving cell is a macro cell or a pico cell (we do not signal to UE that a cell is a macro or pico, and nobody is proposing to do this). Therefore, below is an alternate table.


	Meas. resource restriction
	Pattern 1
	Pattern 2

	Cell to be measured
	Serving cell measurement and RLM
	Measurement of neighbour cells that implement range extension
	Measurement of neighbour cells that do not implement range extension

	No significant interference from neighbour cell
	No resource restriction needed
	Serving cell’s ABS
	No resource restriction needed

	Significant interference from neighbour cell
	Interferer’s ABS
	Interferer’s ABS
	Interferer’s ABS


	Renesas Technology Europe
	We would support using the table Motorola provided for eICIC characterisation in further discussions – RAN2 will, in the end, anyway need to define how the different patterns affect measurements.

	Qualcomm Incorporated
	We agree that the UE should not be required to distinguish cell type when applying measurement resource restriction.


2.3. Further enhancement / optimization / simplification

Further enhancement or optimization can be discussed with technical merits. Companies can comment what additional consideration is necessary with respect to the starting point summarized in section 2.2.

	Company name
	Comment

	ITRI
	In case 2), a neighbour Pico may be overlapped by serving Macro or by neighbour Macro or both. It may not be accurate to only apply serving Macro’s ABS to do the RRM measurement resource restriction. 
A new case, case 4 could be added for Macro-Pico-Femto scenario: When a FUE wants to measure the neighbor Pico/Macro which was interfered by other Macro/Femto and then measurement resource restriction may be required. 

	InterDigital
	No further enhancements are necessary.  We believe that a single pattern applied to neighbour cells with PCIs that are signalled is sufficient.  The concern that macro cells may be using different ABS patterns can be addressed on the network side, where a common subset is decided and signalled to the UE for RRM measurement purposes.   

	ZTE
	We agree to remove “serving” in last 2nd column for case 2 . Basically the resource restriction is delivered via dedicated signalling UE doesn’t care whether eNB build the resource restriction from ABS of serving macro cell or overlapped other macro cells. And we don’t think case 4 is necessary. For allowed UE within CSG cell there is no interference issue at all.

	Renesas Technology Europe
	There should always be only one activated restriction for a given UE: As is highlighted  in Table-1, in each case the UE uses either the ABS of serving cell or the ABS of selected neighbour cell. Having totally different measurement restrictions for serving and neighbour cell would make the measurement accuracy worse for relative measurements. 

It should also be specified how the UE applies the signalled patterns: Above, there is a division to macro-pico and macro-femto categories, but it would be simpler to signal the type of a pattern, so UE knows what kind of rules it has to follow when doing measurements.

Also, as per RAN2 #72 decisions, macro-pico-femto scenario should not be considered in Rel’10.

	NSN/Nokia
	Considering the listed cases in Table-1, it appears that there are cases where Rel-10 UEs are configured with measurement restrictions for both own- and other-cell, only restrictions for own-cell, or only restrictions for other-cell measurements. For cases with restrictions on both own-cell and other-cell measurements, the measurement restriction pattern appears to be the same. Thus, a possible signalling of measurement restrictions to Rel-10 UEs could be that eNB signals a bit-map that indicated if UE should apply those restrictions for own-cell measurements, other-cell measurements, or both – or even switching restrictions off in addition to the one pattern for UE RRM measurement restrictions. This also seems to be in line with current RAN3 decisions, where signalling of UE measurement restrictions over X2 only consider one pattern for the macro+pico case.

Depending on the allowed patterns for UE RRM/RLM measurement restrictions, the same signalling could include CSI measurements assuming same restriction patterns are used for CSI measurements.

	Alcatel-Lucent
	As summarised in Table 1, only one ABS pattern is required for RRM measurements restriction for the neighbouring cells. Therefore, we believe that a single pattern with list of PCIs where the ABS restriction is applied (way forward from offline discussion) provides a sufficient signalling.

	CATT
	No further enhancement is needed based on the analysis in Table 1. Different cases are just addressed from network’s perspective, and UE need not guess anything, e.g. cell type or which pico applies range extension. UE just performs relevant measurement according to whatever network signals.

	Samsung
	No further enhancement is needed. Instead more simplification is desirable. In our understanding, it is still FFS on the aspect “whether a PCI range linked to the pattern”. From our point of view, although “no resource restriction” would be correct for certain neighboring cells in principle, in practical we don’t really see any problem when the same pattern is applied to those cells. Then linking a PCI range will just introduce some UE complexity. 

	Pantech
	We do not think a further enhancement is needed. However, we are not sure that “no resource restriction” in above table would be sufficient to obtain the required accuracy of RRM/RLM measurement if certain neighboring cells adapt different subsets. For PCI range linking, we agree with Samsung’s view that the same pattern to neighboring cells is simple and practical method.

	Ericsson
	We think no further enhancements are needed in the Rel-10 timeframe. Case 4 is not needed, as RAN2 has decided to not prioritise macro-pico-femto scenarios in the Rel-10 timeframe.

	Intel
	If we only consider intra-frequency case, then one measurement-restriction pattern should be enough for Rel-10. The configuration should allow this restriction pattern to be applied onto serving, or a selected set of neighbors, or both.

	Vodafone
	Having one ABS pattern for neighbour cells is sensible but it should not force all neighbour cells to have the same ABS pattern. There should only be a requirement for neighbour cells to have a common subset of ABS subframes which can be used for neighbour measurements. It is worth considering whether an ABS pattern of only one ABS could be used for neighbouring cell measurements.

	MediaTek
	Our understanding is that neighboring cell should be measured in the way that UE will be served. So, we think it’s good to have different measurement restrictions for neighboring cells. However, we also think it is possible to have a common subset for the ABS patterns so as to simplify the signalling.

It seems that a UE in HetNet scenario need to be able to discriminate between two sets of neighbour cells, one set for which a measurement restriction (a TDM pattern) applies, and another set that shall be measured without a restriction. 

1) PUE and Macro UE outside femto coverage will be looking for weak neighbour pico’s, measured according to an ABS pattern. Other cells (in particular neighbour macros) should be measured without restriction. The cells that shall be measured with restriction (pico cells that may use CRE) could be identified by PCI range.  
2) Macro UEs in CSG femto coverage and FUEs should measure non-CSG-femto cells according to an ABS pattern. Other CSG-femto cells should be measured normally. CSG femto cells could be identified by PCI range.

	CMCC
	We think measuring the aggressor cells with no restriction will result in inaccurate RSRQ measurement, and measuring only the “non-ABS” of aggressor cells is better, since the measurement reflects the quality of the time-periods where the UEs are schedulable. Measuring only the “ABS” of aggressor cells with proper configuration of threshold or comparison point is also better than no restriction, although this approach will not reflect the interference condition in non-ABS accurately. 

If the RSRQ inaccuracy problem is deemed not so serious, we can agree that no resource restriction is needed for aggressor cells’ measurement. However, we propose to give a more detailed description of “subset of macro’s/femto’s ABS” in table 1 to specify which macro’s or femto’s ABS should be measured in each case and also take into account the scenarios when one victim cell is interfered by multiple aggressor cells. This can provide some illumination on the discussion in Section 2.5 about the signalling details for “pattern 2”. The term “Intersection of interfering Macros’/Femtos’ ABS of the measured cell” seems more appropriate.

	New Postcom
	We have some concerns on the case of UE measuring aggressor neighbor cell. 

Currently in the document the table-1 suggests no resource restriction, which in our opinion will lead to inaccurate RSRQ measurement result due to the significantly reduced RSSI in the ABS of aggressor cell. Given the UE can be only scheduled in the non-ABS by the aggressor, it should be better to enable the network to restrict the RRM measurement of UE only in the non-ABS, to reflect the actual serving quality of the aggressor cell. 

Therefore, we think two Pattern2 are beneficial for neighbor cell RRM measurement.

	Qualcomm Incorporated
	No further enhancement with respect to the baseline is necessary.

On Samsung’s comment about further simplification, we would like to point out that one of the reasons why separate “no restriction” is considered necessary is to support locally synchronous time domain ICIC, which was brought up by DOCOMO. In such scenario, neighbour macros may not be time synchronized with the serving macro and time domain resource restriction should not be used for those non-synchronized neighbours.

	RIM
	No further enhancement is needed. Based on analysis in Table 1, the UE can be signalled a single ABS pattern for serving cell measurement, neighbour cell measurement (for those neighbour cells indicated by the PCI range) or both.

	Motorola Solutions
	We share similar views as CMCC and New Postcom. The introduction of ABS could cause large interference variations across subframes even for UEs not experiencing strong interference from neighboring aggressor cells. If no measurement restriction is enforced when such variation exists, 1) UEs manufactured by different vendors can report vastly different results even under similar channel conditions; 2) the same UE may report different results at different times even if the channel conditions do not change. We thus suggest making RSRQ measurements only in non-ABS of the strongest interfering cell (or common non-ABS of the strongest interfering cells).

We also think we should have similar restrictions for the serving cell as well in order to allow apple-to-apple comparison between serving cell quality and neighboring cell quality, although this might be out of the scope of this email discussion.

	Huawei
	No further enhancements are needed in the Rel-10 timeframe. Whether the neighbor Macro cells having a common subset of restricted measurement resource depends on the pico deployment scenario.


2.4. Addressing Inter-frequency measurement

RAN2 discussion so far seems to be focused on intra-frequency neighbour measurements. The need of inter-frequency measurement was raised in RAN2#72 meeting and it was thought that it should be discussed further with consideration of use cases and gains.

One use case identified in RAN2#72 meeting is the following.

· To support inter-frequency mobility into extended area of a pico cell

Companies are asked to provide their comment as to if such use case is important. Also additional use cases can be provided.

	Company name
	Comment

	InterDigital
	We do not think the use case is very important, especially for a macro-pico deployment on a different frequency.  The only consequence of not having a measurement restriction on the other frequency is that the UE may first perform an inter-frequency handover to the macro cell and then eventually perform a handover to the pico cell once the measurement restrictions are configured.  This is similar to the idle mode case, where the UE will be connected to the macro cell when transitioning to connected mode and then eventually move to the pico cell. 

On the macro-femto scenario, the inter-frequency mobility considerations may be more important.  The case is more critical in the scenario where the quality of the serving frequency is degrading and the macro cell on the other frequency is experiencing interference from the femto cell.  If the deployment is such that from the UE position, the macro cell is severely being interfered by the femto cell, then the quality of the macro cell may be below an acceptable threshold to trigger an inter-frequency event, which may result in a dropped called or a reduced quality of service.  Ideally, the UE would use the femto’s ABS to measure the macro cell on the other frequency and therefore trigger an inter-frequency measurement event and potentially handover in time.  

However, we think this is a corner case, and maybe somewhat overcome if the network configures the measurement gaps such that they mostly overlap with the Femto’s ABS.  Even though it might be difficult to completely overlap the measurement gaps with femto’s ABS, if some of the measurement occasions correspond to clean subframes then the handover may eventually occur.  

	Motorola Mobility
	The reason for considering measurement restrictions is to support handover to a non-serving frequency on which a heterogeneous network is deployed. If a non-serving frequency F has a heterogeneous network, the UE’s location would correspond to one of the 3 below:

1. If the UE moved to a cell on F, it would not experience significant neighbour cell interference (e.g., the serving cell on F would be a macro cell and UE would not have any significant interference, or the serving cell on F would be a pico cell and UE would not be in the edge of large range extension area) 

· In this case there is no need for measurement restriction of cells on F

2. If the UE moved to a cell on F, it would experience significant neighbour cell interference. For example, the serving cell on F would be a pico cell and UE would be a “range extension UE” at edge of large range extension area (i.e. experience interference from a macro cell).

· If such a handover is to be supported, then measurement restriction of cells on F would be needed

3. If the UE moved to a cell on F, it would be in the coverage of a non-allowed femto cell (and the serving cell would be a macro cell).

· If such a handover is to be supported, then measurement restriction of cells on F would be needed.

Regarding ‘2’, we think that for inter-frequency handover, it is adequate to not support range extension (i.e. UE would handover to macro cell instead of handing over to pico cell as a “range extension UE”. So no restriction is needed for this case.

Regarding ‘3’, we think that it is preferable to not handover the UE to freq F in this scenario, since the UE would experience significant interference. Determining that the UE would be in the coverage of a femto cell that is not allowed is already supported with Release 9 procedures. Nothing further is needed (no measurement restriction is needed).

	ZTE
	For pico-macro case in another frequency, I guess 2nd handover maybe even not triggered if continuous interruption on user plane is one concern since the handover decision is completely under the eNB’s control.

 And for macro-femto case in another frequency, we think it is also feasible for UE to handover to the macro cell at first if RRM is designed as such that serving cell can deduce UE is covered both by the macro neighbouring cell and femto cell based on reported measurement result. And the handover execution i.e. RACH procedure is possible because target macro cell would schedule message2 and message4 carefully. Once handover is completed then ABS of that frequency is applied immediately.

So based on above analysis we think at least in Rel10 we don’t consider it.

	Renesas Technology Europe
	We agree with Motorola in that Inter-frequency eICIC does not seem necessary, and propose that inter-frequency measurements with eICIC are not needed in Rel’10.

	NSN/Nokia
	The use-cases where measurement restrictions would be relevant for LTE RRM inter-frequency measurements is mainly scenarios where an operator have multiple LTE carriers, using TDM eICIC on those. The likelihood of having such scenarios would need to be further clarified before being able to conclude if it is important to have this covered in Rel-10. An alternative to TDM eICIC for cases of multiple LTE carriers would be to implement interference management in the carrier domain, so macro e.g. use two carriers, while HeNBs only use one of those, i.e. thus leaving one “escape carrier” free of HeNBs for macro-UEs that are in the dominance area of non-allowed CSG HeNBs, It is seen as questionable whether there will be additional gains of applying eICIC in time and frequency domains simultaneously.

	Alcatel-Lucent
	If ABS restriction is not applied for inter-frequency neighbouring cell measurements, in Macro-pico inter-frequency scenario, the UE may be handed over to Macro first and after applying intra-frequency ABS restriction, the UE may then be handed over to the pico. No serious impact is identified in this scenario.

For Macro-femto scenario, the neighbouring cell measurements without ABS restriction may not trigger the handover in the worst case. 

However the possible scenarios where ABS restriction may show some benefit for inter-frequency handover could be seen as corner cases. Hence any enhancement w.r.t ABS restriction on inter-frequency measurement is not seen required in Rel-10.

	CATT
	Current eICIC schemes are developed under the scenario of single frequency Hetnet deployment. We agree with NSN/Nokia that we should not simply copy what we have for single frequency to multiple frequency scenarios. In the latter case, time and frequency domain resources should both be taken into account when working on the eICIC solutions. Therefore, we propose not considering inter-frequency measurements with eICIC in Rel-10.

	Samsung
	With the consideration of tradeoff between the problems and required specification efforts, we would like to study inter-F measurement restriction in future release. 

	Pantech
	In macro-femto scenario, eNB can not trigger the handover to inter-frequency ‘F’ regarding ‘3’ in Motorola mobility’s comments. However, we are still not sure UE could always measure the correct RSRQ value with “no resource restriction” regardless femto’s ABS pattern for ‘F’. In my understanding, the RSRQ value could be affected by the number of femto cell’s ABS since the filter input rate of layer 3 filter is implementation dependant. Therefore, we think that we need to continue on this issue at next meeting or have more discussion in this email stream if it is simple to be clear.

	Ericsson
	We think that although there could be potential problems as Motorola has shown, we think they can be regarded as somewhat of a corner case. We do not think this should be treated in Rel-10 timeframe.

	Intel
	We believe inter-frequency case is good to consider a bit further. Without any restriction, it does not really break the basic function, e.g., when inter-freq handover to a pico (with CRE) is not allowed, UE can always handover to the macro on that frequency first. However we feel it may compromise load balancing under Macro-Pico case. For example, due to very optimistic RSRQ, macros on a particular frequency that are running ABSF may be more congested (note that it actually should not be since it is not using 100% of its resource due to ABSF). Also without restriction on inter-frequency measurement, we lose some flexibility of Macro-Femto deployment (maybe not very critical).    

Therefore, before ruling it out of Rel-10 scope, maybe it is good to review the necessary RRC/ASN.1 change (regarding the last question in this discussion) and check whether a single signalling method can naturally handle both intra-frequency and inter-frequency. If inter-frequency case introduces too much extra complexity, it is then not essential to handle in Rel-10.

	Vodafone
	Deployment of LTE on multiple carriers is quite likely from our perspective. What is unlikely for Release 10 though is that we will have more than one layer with a hetnet deployment. 

We expect that inter-frequency mobility from one frequency layer to another frequency layer should be possible irrespective of whether the target cell is a pico cell or macrocell. However, since the ABS pattern is only necessary to support the optimised handover into an extension area of a pico cell, we think this is not essential for Release 10. Of course, if there is no big signalling complexity, it would be desirable to support in Release 10 since LTE deployment on multiple carriers is likely. 

	MediaTek
	In the macro-pico scenario, if measurement restriction does not apply, UE would handover to macro cell first and then handover to pico cell later. We don’t see any serious problem here as long as the handover failure rate is low.

Regarding macro – femto, a possible scenario for inter-freq mobility would be a dual carrier scenario with mixed macro and femto on both carriers, where closest neighbour femtos may be deployed on different carriers for femto-femto-interference reasons. In case some femtos support TDM ICIC and some femtos do not support it, or in case the macro coverage (indoor) is different for the different frequencies there could very well be the case that Macro UE would drop the connection if inter-freq handover into a highly interfered situation could not take place. Requirement for inter-layer handover could also be present for the IRAT case in case specific services are tied to LTE RAT.

We have no strong opinion on the importance of such scenarios.

	CMCC
	If the RSRQ inaccuracy problem is deemed not so serious, we think that it is acceptable to apply no resource restriction to inter-frequency measurement in macro-pico scenario. On the other hand, it is better to apply resource restriction to inter-frequency measurement in femto-macro scenario if this doesn’t introduce much complexity from specification perspective.
However, if the RSRQ inaccuracy problem is considered unacceptable for inter-frequency mobility, we think that resource restriction should be supported for inter-frequency measurement even in pico-macro scenario.

	New Postcom
	We share the similar view with Intel.

	Qualcomm Incorporated
	We agree to Motorola’s scenario analysis. We do not think supporting those new mobility scenario is essential for release-10.

On complexities, we would like to point out that it is not only about signalling complexity, but also about additional complexity/effort associated with defining performance requirements and testing. It should also be noted that inter-frequency measurement is typically gap assisted which further restricts the time used for measurement. Time alignment between time domain resource restriction and measurement gaps needs to be carefully considered.

	RIM
	We think that for both macro-pico scenario and macro-femto scenario, the benefit of applying measurement restriction for inter-frequency handover is not clear. We suggest not considering inter-frequency measurement restriction for Rel-10. This can be considered in future releases if further studies show that there is clear benefit.

	Motorola Solutions
	We think the RSRQ inaccuracy problem could cause frequent handovers between carriers even for macro UEs free from femtocell interference if both two carriers have HetNET deployment. For example, assuming that two carriers A and B have the same ABS configurations for the macro cells (e.g. sf0-4 are ABS, sf5-9 are non-ABS), a UE might make RSRQ measurements of its serving carrier A in sf5-9 but make RSRQ measurements of the other carrier B in sf 0-4 (it is reasonable that ABSs are included in the measurement gap). The UE may handover to the carrier B as B is measured with up to +8dB bias. Once the UE move to B, it will measure A in ABS and B in non-ABS, thus the RSRQ of A will be boosted up by 8dB and the RSRQ of B will go down by 8dB, which could trigger another handover.

	Huawei
	Considering the timescale, at this stage we think inter-freq case could be low priority in Rel-10. If significant benefit or critical issus is identified later, we could handle it.


2.5. Signalling details for “pattern 2”

This section is intended for discussions on signalling details for the pattern 2. For example the following points can be discussed. Some dependency with the discussion in section 2.3 and 2.4 is expected.

· The number of PCIs, including potential PCI group signalling

· The number of RRM resource restriction patterns (if decided to be multiple)

	Company name
	Comment

	ITRI
	According to the current agreement: neighbour Macro could have different ABS and whether having a common ABS subset is FFS. Do we need to have the linkage of one PCI to multiple pattern 2?

	InterDigital
	We think that we need at least two PCI ranges may be required, at least for the Macro – Femto case if we assume that only macro and/or pico cells need to be configured with measurement restriction as shown in Table 1.  Considering the fact that femto‘s PCIs are allocated within a PCI range that can start anywhere within the PCI space, then we may need at least two PCI ranges to specify the range of the PCIs of macro cells. 

The need for more than two ranges needs to be further studied as it is not clear how the PCIs of pico cells are allocated and how many pico cells can be considered as acceptable within a macro’s coverage.  

	ZTE
	We think actually the pattern2 is the same as the pattern1 for serving cell if any e.g. for case1 and case3 (if inter-frequency case is excluded). As for the signalling it mainly depends how the operator split the PCI for CSG, Pico cell and macro cell and among Pico cells and macro cells which of them are synchronized. So it is bit early to decide now without any view from operators. In addition PCI arrangement maybe needed for avoid CRS collision. In that case PCIs could be quite scattered. I don’t know how far we can go during email discussion. If we want to achieve start point for next meeting, one potential solution is to reuse what we have now for blacklist of measurement object  i.e. a limited list of PCI range.

	Renesas Technology Europe
	Only single RRM restriction pattern is needed for the neighbour cells, given that only one pattern would be activated at a time. 

As for the number of PCIs, we feel that having the PCIs signalled would not necessarily benefit much: Since the pico cells are assumed to be open cells, normal mobility procedures would apply and UE would discover the cells in due time.

	NSN/Nokia
	As the UE would have to follow the signalled measurement restrictions, it would probably be beneficial to limit the number of possibilities (both from test and implementation perspective). It is our understanding that RAN4 is currently evaluating possible patterns for UE measurement restrictions in order to have studies on how such restrictions impact the measurement accuracy, etc.. Hence, it may be beneficial to await the conclusions from those RAN4 studies.

	Alcatel-Lucent
	A possible solution for capturing signalling of Pattern 2 is given in R2-106451. copying below the message IE from R2-106451,

RrmMeasRestriction-r10 ::=
SEQUENCE {


rrmSubframeRestriction              BIT STRING (SIZE(40)),

OPTIONAL,

 -- Need ON


picocellList





SEQUNCE (SIZE(1..maxCellMeas)) OF PhysCellIdRange

OPTIONAL


-- Need ON

}

The size of the PCI list could be started with maxCellMeas. Further reduction of the PCI list size can be considered if requirement is identified.

	CATT
	Only single RRM restriction pattern is needed for neighbor cells measurement. A PCI list is needed to indicate the neighbor cells for measurement restriction. Regarding the list’s size, it needs further study. It may depend on to what extent network can locate a UE and also on the network deployment. 

	Samsung
	Based on our view in 2.3 and 2.4, we think single pattern without linking to PCI range would be sufficient for neighboring cells RRM. 

	Pantech
	We also think single pattern is sufficient for neighboring cells RRM

	Ericsson
	We think that for pattern 2 there is a benefit of having one PCI list. This for the UE to know which eNB measurements benefit from having measurement restriction patterns. For other eNBs the UE should not use measurement restriction patterns. These eNBs are assumed not to use TDM ICIC, or use an incompatible pattern than the selected eNBs in the PCI list.

Similar to ZTE, we also note possible similarities in the pattern constructions during some circumstances, but we think such potential optimizations could be postponed to future releases, as stated in section 2.3.

	Intel
	We are thinking a solution very similar to Alcatel-Lucent’s proposal, where the restriction pattern is defined in the extension of MeasObjectEUTRA and a list of PhysCellIdRange’s is provided along with the bitmap pattern. Since PhysCellIdRange carries either a single PCI or a range of PCI, it is flexible to handle various deployment scenarios.

With this solution, the restriction pattern in MeasObjectEUTRA is bind to a carrier frequency already. Therefore, we feel maybe handling inter-frequency measurement restriction does not seem to add much additional complexity after all. 

	Vodafone
	We can agree to having one neighbour ABS pattern considering that that the operator has the possibility to configure a common subset of ABS sub frames for neighbour cells. 

Regarding the details of the signalling, the proposal from ALU seems appropriate as it allows the signalling of up to 32 non-consecutive PCIs for neighbour macro/pico cells and also signalling of one or more PCI ranges, which is more appropriate for CSG cells.

	MediaTek
	According to our discussion in Section 2.3, we prefer a PCI range attached to the measurement restriction. The ASN.1 format proposed by ALU might be a good starting point.

	CMCC
	Assume no resource restriction is applied to the measurement of aggressor cells. When a UE measures a neighbour victim cell, it will use the “Intersection of interfering aggressors’ ABS of the measured cell” as analyzed in our comments in Section 2.3. However, different neighbour victim cells may have different set of aggressor cells, which result in multiple patterns for pattern 2. However, if there is a common subset for these different patterns, it is possible to have only one single pattern for neighbour cell measurement. 

Assume resource restriction (“non-ABS” or “ABS”) is used for the measurement of aggressor neighbour cells, we think one pattern is also enough if common subset can be obtained for neighbour macros’ non-ABS or ABS.

	New Postcom
	AS analysed in section 2.3, we think two patterns are beneficial for neighbor cell RRM measurement. Concerning that a scattered PCI arrangement will be desirable for operator in randomizing the CRS allocation as pointed out by ZTE, we believe the Pattern2 should be linked to several non-consecutive PCI ranges.

	Qualcomm Incorporated
	We support ALU proposal to signal up to maxCellMeas of PhysCellIdRange. It should be noted that PhysCellIdRange supports signalling of a single cell.

	RIM
	As we discussed in Section 2.3, one ABS pattern is sufficient for neighbour cells measurement. We think that having multiple PCI lists would be more flexible to address different deployment scenarios and PCI management by the operators.

	Motorola Solutions
	We think it is okay to have only one pattern as long as a common subset of ABS (non-ABS) of interfering macro cells can be identified. 

	Huawei
	We agree with NSN/Nokia. It seems a little early to decide whether a single pattern and PCI list is appropriate. And it may be different foi Macro-pico and Macro-femto cases.


3. Conclusion

Majority of companies did not see the need of further enhancing the “pattern 2” from  the baseline described in section 2.2. However concerns were raised about accuracy of RSRQ measurement if the UE uses Almost Blank Subframes of the measured cell as resource for measurements (i.e. applying “no restriction). In particular they believed it may result in too optimistic RSRQ results due to reduced transmission on Almost Blank Subframes.
It seems sensible to assume the agreement can be made for the suggestion during the discussion that the UE shall not be required to distinguish cell types (macro, pico, femto)  in using time domain ICIC mechanisms.
The email discussion rapporteur proposes the following way forward. 

1. Signalling solution shall not require the UE to distinguish cell types (macro, pico, femto).

2. The pattern 2 is based on a single RRM resource restriction for listed cell ids, for intra-frequency measurement

3. Send an LS to RAN4 if another RRM resource restriction excluding ABS of measured cell is needed in order to obtain accurate RSRQ results.

a. Further enhancement for pattern 2 can be considered after receiving reply from RAN4.

b. Need for supporting inter-frequency measurement will also be revisited.

4. No conclusion on further signalling details of pattern 2. It should be discussed in RAN2#72bis.
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