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1. Introduction
This email discussion is intended to evaluate the performance of existing measurements and potential enhancements based on the following agreed use case and criteria at RAN2 #77bis [1]:
	Use case:
For inter-frequency small cell detection, the study should focus on the following use case where the UE does inter-frequency small cell measurements for a carrier that is expected to have non-uniform coverage (e.g. hotspot deployment) for offloading/load balancing purposes.
Goal:

The goal is to optimize the data offloading potential (e.g. maximize the amount of data that is transmitted in pico cells rather than in macro cells; maximize the time a UE stays out of the macro cell, …) with the following criteria:

Criterion 1: UE power consumption for inter-frequency small cell measurements in Hetnet deployments should be minimised.
Criterion 2: Any interruptions on the serving cell(s) due to inter-frequency small cell measurements should be minimised.
Criterion 3: Inter-frequency mobility performance should not be degraded by measuring inter-frequency small cells.
Criterion 4: Mobility performance of legacy UEs should not be degraded to improve inter-frequency small cell detection by Rel-11 UEs.
Guideline:
Enhancements should be evaluated against mechanisms that can be realized with available functionality.


The rapporteur proposes to set a goal of this email discussion as follows:
1. For each proposal, a consensus whether the criteria are satisfied is made.
NOTE:
This criterion checking should be made against existing mechanisms.
2. The other aspects to be considered are identified.
NOTE:
Specification/ implementation impact, conditions (e.g., required features for NW/ UE), an example on how the solution is realised, if it is left to eNB/ UE implementation, etc.

2. Discussion
Some of proposals at #77bis meeting look similar to each other. Solution 1, 3 and 4 [2] can be regarded as relaxed measurement configuration. Solution 2 and 5 – 8 [2] can be regarded as proximity based small cell detection, although how to realise is different among solutions. Hence, the similar proposals are discussed together as shown below:
· Relaxed measurement configuration 

Solution 1:
Longer measurement period [3, 4]

Solution 3:
Relaxed side condition [2]

Solution 4 
Measurements without gap assistance [2]
· Proximity based small cell detection
Solution 2:
Small cell discovery signal in macro layer [5]
Solution 5:
Network based small cell proximity detection – based on macro cell listening [6, 7, 14]

Solution 6:
UE based small cell proximity detection [4, 7, 8, 9]
Solution 7:
Network based small cell proximity detection – based on pico cell listening [7]
Solution 8:
Network triggered background scans for Pico cells [10, 14]
· Solution 9:
UE MSE based inter-frequency small cell measurements [11, 14]
· Solution 10:
Small cell signal based control of inter-frequency measurements [12]
2.1. Relaxed measurement configuration
Table 1 shows self-evaluation proposed by proponents in the previous email discussion [2]. Criterion 4 was not evaluated, as it was proposed late during the email discussion.
Table 1:
Evaluation on relaxed measurement configuration
	#
	Longer measurement period  (Solution 1)
	Relaxed side condition  (Solution 3)
	Measurement w/o gap assistance  (Solution 4)

	Criterion 1
	UE power consumption can be reduced by performing inter-frequency measurements less frequently. More than 90% power saving can be achieved by applying 1s measurement period and more, compared with 80ms period [13].
	UE power consumption can be reduced, since UE is not required to be able to measure cells at the lower SIR. The gain and to what extent the side condition can be relaxed needs to be consulted by RAN4.
	The solution does not help to minimise UE power consumption.

	Criterion 2
	Since the measurement (with gap assistance) is performed less frequently, interruptions on the serving cell(s) can also be reduced.
	The solution does not help to minimise interruption on the serving cell(s).
	Interruption on the serving cells can be avoided.

	Criterion 3
	Handover initiation will be delayed due to the longer measurement period. However, this would not result in HO failure in the target use case. This is because the source cell radio quality would be still good, even if the handover initiation is delayed. Note that if we use the longer measurement period only for small cell discovery purposes but make actual handover decisions based on measurement done using existing gap patterns there is no impact to inter-frequency mobility performance.
	The solution can only be applied on condition that mobility is guaranteed by applying the existing measurements. I.e., as far as the relaxed condition is applied only to inter-frequency small cell measurements for offloading, mobility performance can be kept as it is. 
	The solution will not degrade the mobility performance, as measurement report is not delayed by the additional measurement.

	Criterion 4
	Mobility performance of legacy UE is not at all degraded by this Solution 1 since only REL-11 UE and mainly for the purpose of small cell discovery will be configured with this longer measurement gap. Legacy UEs will ignore the new REL-11 measurement gap pattern.
	The impact of introducing the relaxed side condition is within Rel-11 UE and will not affect to mobility performance of legacy UE.
	Measurements without gap-assistance peformed by UE will not affect to mobiliy performance of legacy UE.


Each solution needs to be evaluated whether Criterion 4 is satisfied. Whether the above self-evaluation is correct needs to be checked by interested companies. Furthermore, the criteria need to be checked against existing mechanisms. The other aspects to be considered should also be discussed, if any.
Discussion #1a:
Proponents are asked to provide self-evaluation on Criterion 4 in Table 1.
Discussion #1b:
Whether the self-evaluation in Table 1 is correct needs to be checked. If there is a different view, companies are asked to provide their view in Table 2.
Discussion #1c:
Proponents are asked to add additional evaluation against existing mechanisms in Table 1, if any.
Discussion #1d:
Companies are asked to provide the other aspects to be considered in Table 2.
Table 2:
Discussion on relaxed measurement configuration

	Company name
	Comment

	Nokia/Nokia Siemens
	Discussion #1d: We agree with the evaluations for Criterion 1 through Criterion 3 for the Longer Measurement Period (Solution 1). 

Note that “longer measurement period” is used for small cell discovery for determining offload opportunities where the measurement is performed continuously but at a less frequent rate. This is different from the existing inter-frequency measurements done for mobility reasons where the measurements are done at a higher rate to achieve fast mobility to the inter-frequency cell. Even with longer measurement period for small cell discovery the network still has the choice of using current measurement gap patterns to perform inter-frequency measurements and eventually decide whether to handover to inter-frequency small cells or not. So the Inter-frequency measurement performance is not impacted at all and is still based on the current measurement performance requirements as already defined prior to REL-11. So we have to make the distinction between measurements for discovery for offload purposes vs measurements for actual HO decision. With solution 1 the discovery measurements are done with minimal impact to UE battery life. So solution 1 fully meets all 4 criteria.

	Alcatel-Lucent
	We in general agree with the evaluations in Table 1.
Note that solution 4 is only limited to CA capable UEs. Otherwise, this solution itself may have some impact to the mobility performance of the UE.

	ZTE
	We generally agree with the evaluations in Table 1.

For Solution 1 and 2, our concern is that they may require RAN4’s performance evaluation efforts.

	Renesas Mobile Europe Ltd.
	Regarding solution 1 & 3: We see solutions 1 & 3 as similar: Since the measurement period could be longer, it would make sense to have looser requirements so that the measurement accuracy can be better guaranteed.  Hence, we think both solution 1 and solution 3 could be combined together. We see that the main question of both solutions is that if they would be done with existing measurement gaps, then the suitable gap pattern periodicity values should be carefully evaluated.

We think that the mobility performance of legacy UEs is not degraded by any of solutions 1 & 3 since only REL-11 UEs would be utilizing these 

Regarding solution 4: It is unclear whether this solution could apply for all UEs: Even if the UE is CA capable, it could happen that the UE does not support all possible carrier combinations for measurements. If we look at the current requirements, RAN4 has been recently discussing making more explicit requirements for UEs that are able to do measurements without gaps. Hence, this kind of solution already exists partially.
Regarding Criterion 1 for solution 4, we don’t fully understand the existing comment: Since the UE could have two RFs active at the same time when doing the measurements, there is a power consumption impact.

Regarding Criterion 4 for solution 4, we think that there could be an impact to existing mobility requirements: At the moment, the inter-frequency measurement requirements scale with the number of measured frequencies, and there is an upper limit to how many such frequencies UE is required to be able to monitor. If these existing relaxations are seen acceptable for small cell discovery purposes, the mobility performance will be according to existing requirements for a given number of monitored carriers.

	NTT DOCOMO, INC.
	Regarding Renesas comment on Solution 4, yes, it does not help to minimise UE power. The number of measured frequencies is not only an issue of Solution4, but also of near term deployments. More spectra will be available for LTE in future, whether the current number (3 carriers) is sufficient to the future deployment should be discussed. That is why we proposed it as a requirement in the past meetings. 
I also agree that the solution is partially available. We do not intend to support for all possible band combinations, but for inter-band combinations for which multiple RFs are likely to be equipped.

	Huawei
	Solution 1 and 3 would not degrade inter-frequency mobility performance, only if they are triggered at the vicinity of hotspot small cells. This means, they need to be assisted by the determination of whereabouts of small cells. 

	New Postcom
	In our evaluation for inter-freq small cell discovery, we observe that solution 1 and 3 would not degrade the performance of inter-freq mobility. We also share the concern that solution 4 is only applicable to CA capable UEs.

	LGE
	Solution1 would be simple. Since this solution requires the RAN4 performance requirements, we wonder how the density of pico cells or the variable(?) length of the gap would impact the RAN4 performance requirements.


Rapporteur’s summary:

With regards to Solution 1 and 2, most of companies thought that the evaluations in Table 1 are agreeable. These solutions were also thought as similar and could be combined together. Threfore, the rapporteur proposes to merge into a single solution as “relaxed measurement configuration”. The evaluation results can be merged as in Table 1a below:

Table 1a:
Merged evaluation results on Solution 1 and 3.
	#
	Relaxed measurement configuration (longer measurement period and relaxed side condition (Solution 1 & 3)

	Criterion 1
	UE power consumption can be reduced by performing inter-frequency measurements less frequently. More than 90% power saving can be achieved by applying 1s measurement period and more, compared with 80ms period [13]. In addition, UE power consumption can be reduced by relaxed side conditions, since UE is not required to be able to measure cells at the lower SIR. The gain and to what extent the side condition can be relaxed needs to be consulted by RAN4.

	Criterion 2
	Since the measurement (with gap assistance) is performed less frequently, interruptions on the serving cell(s) can also be reduced.

	Criterion 3
	Handover initiation will be delayed due to the longer measurement period. However, this would not result in HO failure in the target use case. This is because the source cell radio quality would be still good, even if the handover initiation is delayed. Note that if we use the longer measurement period and the relaxed side condition only for small cell discovery purposes but make actual handover decisions based on measurement done using existing gap patterns and side conditions there is no impact to inter-frequency mobility performance.

	Criterion 4
	Mobility performance of legacy UE is not at all degraded by this Solution since only REL-11 UE and mainly for the purpose of small cell discovery will be configured with this longer measurement gap and relaxed side condition. Legacy UEs will ignore the new REL-11 measurement configuration.


The following issues other than the agreed criteria were raised:
· How to distinguish between measurements for offloading/ load balancing purposes and the ones for mobility purposes.
· RAN4 performance requirements need to be specified.

The first issue is related to measurement configurations and can be discussed by RAN2 for further. The second issue has to be consulted by RAN4. 
With regards to Solution 4, the evaluation on Criterion 1 was collected by the proponent. The comment on Criterion 4 was also received that there could be an impact of existing mobility requirements. Therefore, the rapporter proposes the following evaluation results:
Table 1b:
Evaluation results on Solution 4.
	#
	Measurements w/o gap assistance (Solution 4)

	Criterion 1
	The solution does not help to minimise UE power consumption.

	Criterion 2
	Interruption on the serving cells can be avoided.

	Criterion 3
	The solution will not degrade the mobility performance, as measurement report is not delayed by the additional measurement.

	Criterion 4
	If the number of simultaneous measured carriers (three carriers) are kept as it is there could be an impact to existing measurement requirements.


The following issues other than the agreed criteria were raised:
· The solution is only applicable to CA capable UEs.
· This solution is already available for some CA band combinations.
2.2. Proximity based small cell detection
Table 3 shows self-evaluation proposed by proponents in the previous email discussion [2]. Similar remarks observed among proposals are merged as shown in Table 3.
Table 3:
Evaluation on small cell proximity detection
	#
	Small cell discovery signal in macro layer  (Solution 2)
	UE based proximity detection  (Solution 6)
	Network based proximity detection

	
	
	
	Based on macro cell listening  (Solution 5)
	Based on pico cell listening  (Solution 7)
	Broadcast assistance  (Solution 8)

	Criterion 1
	Inter-frequency measurement is performed only when the UE is near the vicinity of the small cell coverage area.  Thus the number of measurements is reduced.
	Power consumption is minimized as the periodicity could be left to UE implementation.

	Criterion 2
	Because inter-frequency measurements are only performed in the vincinity of the small cell coverage area and we do not argue for any longer measurement gaps, the number of interruptions to the serving cell is minimised.
	No interruption to serving cell as scan periodicity is UE implementation.

	Criterion 3
	As it is possible to perform only at the targeted place (and time) the measurement of the frequency on which small cell resides, the impact is minimized on the mobility performance on macro cell carriers and the number of inter-frequency measurement UE has to perform.  
	Pico discovery could be delayed but then again it is subject to UE implementation and the periodicity of the background scans.

	Criterion 4
	From the view point of inter-frequency small cell identification, the solution 2 works also for legacy UEs since it relies on existing channels and procedures.

From the view point of intra-frequency mobility at macro layer, potential impact of pilot pollution needs to be considered. For UEs in the coverage of the small cell, it is expected that service will be provided by the “small cell layer”, and hence the pilot pollution caused on the layer of the macro cell is not a concern. Interference cause to UEs outside the coverage of the small cell is limited because discovery signals consist of common channels only, and their power can be set to prevent leakage outside the intended coverage of the small cell.
One case where the discovery signal transmitted by the small can be unacceptable is when a UE does not have the RF capability to operate in the layer of the small cell, because the UE cannot be moved to the small cell layer while discovery signal can cause unacceptable interference on the macro layer as the UE moves very close to the small cell.
	There is no impact to legacy UE.
	No impact to the legacy UEs


The same discussion as in the previous section needs to take place. In particular, with regards to Criterion 1, 2 and 3, whether the same results are observed or different results are observed among proposals needs to be studied for further. 
Discussion #2a:
Proponents are asked to provide self-evaluation on Criterion 4 in Table 3.

Discussion #2b:
Whether the self-evaluation in Table 3 is correct needs to be checked. If there is a different view, companies are asked to provide their view in Table 4.

Discussion #2c:
Proponents are asked to add additional evaluation against existing mechanisms in Table 3, if any.

Discussion #2d:
Companies are asked to provide the other aspects to be considered in Table 4.
Table 4:
Discussion on small cell proximity detection

	Company name
	Comment

	Ericsson
	We have evaluated solution 5.

Discussion #2a: We do not propose any signalling changes, thus the impact on legacy UEs is minimized.

Discussion #2b: We express our gratitude towards DOCOMO and mainly agree with the self-evaluation.

Discussion #2d: We note that four of the solutions in this group have the same evaluation. If differentiation between them is of interest, maybe UE complexity could be one such factor. We note that our solution does not increase UE complexity and because it is implemented in the eNB, it can also improve the performance for legacy UEs.  

	Alcatel-Lucent
	As explained in [14] (R2-121709), ALU prefer to have network based proximity detection. 

We in general agree with evaluation in table 3. It appears to us that solution 2 may introduce new interference to the macro layer and may have impact to the performance of legacy UEs – criterion 4 maybe compromised.

Our additional comments:

Solution 5 has the minimal impact to the legacy system, and  is good for UEs in connected mode. Solution 8 may require new broadcast signalling. It support both connected UEs and idle UEs. Solution 7 require additional frequency been supported at the pico and  have impact to RAN3. It appears to us the cost and complexity is relatively high.

Solution 6 is not a generic solution for discovery of any pico cell. It will only work when the UE is able to build the proximity knowledge of the list of limited number of picos. It is dependent on the user behaviour and UE implementation.

Solution 2 introduces new interference to the macro layer. It has physical layer impact at both UE and RAN.

	InterDigital
	We in general agree with solutions in Table 1.
We think Solution 2 will have some impact to legacy UEs as there is increased interference from the small cell signals introduced in macro layer and the UEs might have to perform additional measurements. We discussed a similar proposal during proximity indication discussions for HeNB, and similar concerns were raised in that discussion. One case where the discovery signal transmitted by the small cell may be cause too much interference is when a UE does not have the RF capability to operate in the small cell layer, so will suffer interference as it moves close to the vicinity of the small cell while continuing operation in macro layer.
Solution 5 seems to have minimal impact to the legacy UEs, and could be an optimal solution if the network deployment doesn’t change too much.  It might be good to study if the solution achieves desired accuracy given HetNet deployments tend to be in more dense urban settings, and the accuracy of the measurements could be affected by multipath interference.
Solution 6: In case of picos, there can be quite a lot of cells in case of dense deployments, that are relevant to UEs, and it may be quite demanding for the UE, both from processing power and memory point of view to make fingerprints (location based ,neighbour signal strength based, etc) for all these cells and try to match them continuously.
Solution 7: We agree with ALU that Solution 7 will require additional X2 configuration for the pico eNB to detect and identify the macro UE. It is not clear if this solution assumes the pico-eNB to have additional RF capabilities to continuously monitor the macro-eNB uplink frequency…?

	Samsung
	Discussion #2a: For solution 8, We do not see any impact on the legacy UEs. The solution is applicable to both Connected and Idle mode UEs.
Discussion #2b: In general we agree with the self-evaluation in table 3.
For solution 2, we suspect there might be some interference in the Macro cell and as such will need to be first discussed in RAN1 and RAN4.
For solution 5: Though the spec impact will be minimal, we are concerned about the network implementation complexity as the network will have to maintain finger prints and track UEs against these fingerprints. Having said that we still have some sympathy for this solution. May be Ericsson can clarify on the issue of network implementation complexity.
For solution 6: Unlike CSG cells which are governed by memberships, pico cells are open cells and there might be simply too many pico cells for the UE to maintain fingerprints of. Adds to UE implementation complexity.
Solution 7 will not work for Picos that do not support X2 interface. In a previous meeting some operators had expressed the view that they might deploy Picos with out X2. There would also be additional complexity to the X2 signalling as indicated by ALU.
Additional comments:

One additional evaluation criteria could be the flexibility that each proposed mechanism renders themselves to different operator offloading situations, ex: load based offloading (If macro is loaded, the network might want the UEs to get into the first available Pico cell, in such a case the network might turn off relaxed measurement)Vs QoS based offloading (The macro will not offload a UE unless the QoS that a UE could get in the pico cell is better than the macro)

	ZTE
	We generally agree with the evaluations in Table 3.

For Solution 2, except the problem of interference to Macro UEs, we are also concerning that the coverage of two layers at Pico may be very different, which reduces the proximity accuracy.

For Solution 6 and Solution 5, the complexity is left to either UE side or network side. For now, it’s difficult to tell which one is simpler. We need more evaluation on this. A note is for UE based proximity scheme, network could also provide assistance information.

For Solution 7, it seems RAN3 “CA based UL interference solutions in HetNet” WI are discussing similar solutions to discover UL interfering UE. We think it’s helpful for RAN2 to borrow such ideas.
For Solution 8, currently we are not quite sure how much it helps. The information of “Pico cell existence” is not accurate proximity information for specific UEs. 

	ITRI
	We have evaluated Solution 2 and Solution 7.
Solution 2: We agree that Criterion 1-3 are satisfied. The impact on the performance of the legacy UE should be further taken into consideration (Criterion 4 needs to be clarified). 
Solution 7: We agree that Criterion 1-4 are satisfied. There is no impact of the legacy UE. 

	MediaTek
	We think that the solutions for proximity based small cell detection anyway should to be complemented by a proximity-agnostic slow search, and that they should be evaluated in this context, e.g. a goal of proximity based small cell detection should be to provide fast offload for prioritized small cells, e.g. cells that the user uses often. 

	Renesas Mobile Europe Ltd.
	We think that the proximity-based solutions could be considered as an alternative: The existing proximity indication for CSG cells is an example of such, but it is not designed exactly for the purpose discussed here. We think that the purpose of the proximity indication is to provide a trigger for starting the existing measurement procedures for the small cell frequencies. Such the proximity-based solutions could be either UE-based and the network-based.

Regarding solution 6: The evaluation of power consumption largely depends on the scheme used for detecting the proximity of the small cell. Without details, it is impossible to accurately estimate the impact on UE power consumption.

Regarding solution 2: We think the solution is actually a form of proximity indication: The idea is to trigger further measurements on the inter-frequency carrier based on what’s happening in the intra-frequency carrier. Hence, perhaps it would be good to further think of the methods that could be available for proximity indications?

	NTT  DOCOMO
	On Solution 2, we share the similar view with other companies. In addition, from operator’s deployment point of view, if RRH needs to support RF units not only for the small cell carrier, but also for the macro cell carrier, the size of RRH will become larger. In the urban area where Hetnet deployments are expected, it becomes more difficult to find an antenna installation site. Therefore, the smaller size of RRH is desirable to realise flexible antenna installation (e.g., wall-mounted antenna). 
On Solution 6, we are wondering if RF finger print measurements itself consumes UE power. Whether Criterion 1 can be satisfied should be studied, taking UE power consumption for the RF finger print measurement into account. As aleady commented by other companies, the solution is suitable for the HeNB deployment, but not for outdoor small cell deployment. The UE has to store many small cell finger prints. Most of them would not be valid, as UE will not always visit the same place. Furthermore, RAN5 is now struggling for defining a test case for CSG proximity indication, since it depends on UE implementation. Although the RAN2 specifications can be reused, we are afraid that performance will not be guaranteed, unless a test case is specified. 
On Solution 7, The same deployment aspect as Solution 2 is envisaged. The RRH has to have multiple RF receivers, which will make the RRH size larger. 
On Solution 8, the similar view as ZTE. If the solution requires for the UE to do measurements all the time when the UE is served on the macro cell which broadcasts pico cell existence, the benefit of broadcast information is questionable. 

On Solution 5, We would like to understand in detail how the macro eNB can learn that the UE is in the vicinity of small cell by measurements results that the eNB can obtain and whether the accuracy is feasible. 

	Huawei
	Network based proximity detection (Solutions 5 & 7) can be used to trigger small cell detection when offloading is needed. They should be aligned with what developed in RAN3 for small cell UL interference issue under the CA_HetNet_ICIC topic.
UE based proximity detection (solution 6) can be used to trigger the detection of preferred small cell. UE only needs to perform proximity detection for its desired hotspot, in terms of QoS or service preference.

	New Postcom
	On solution 2, if the Pico eNB is required to support not only the Pico layer but also the Macro layer, the complexity and cost of the device may become a concern.

On solutions 7, in our view they are more applicable to CA deployment.
On solution 5, we have some concerns on the accuracy, because the DL RF fingerprinting is limited at the eNB (e.g. the RSRP and RSRQ). Moreover, the network implementation complexity is also issue.

	LGE
	On solution5, the required change for UE would be minimal. However, we think the required amount of measurement reports to enable providing sufficient/timely fingerprint information to network may be excessive. 

On solution2, we think the interference on the macro layer would be increased, which could degrade the performance of the macro layer. The deployment of pico cells should not degrade any performance on other frequency. 

On Solution6, we think UE based proximity detection would meet all the requirements if properly defined. If we want to make the UE based proximity detection work without building the knowledge of such proximity at UE side, network may need to provide some assistance information, like the macro cell fingerprint. 


Rapporteur’s summary:

Basically, the evaluation results in Table 3 seem agreeable. However, the following comments were received:

· Solution 2 might not achieve Criterion 4 as it would cause interference in the macro layer. However, this viewpoint was also addressed by the proponent in Table 3.

· Whether Solution 6 can minimise the total UE power consumption, as RF finger print measurement itself would consume UE power. However, it depends on the implementation scheme and is impossible to estimate acrately. Therefore, the rapporteur proposes to change the evaluation for Criterion 1 as follows:
· Whether UE power consumption is reduced is up to UE implementation scheme for RF fingerprint measurements.

· For Solution 8, how the broadcast assistance can reduce the time to perform measurements is questionable, as it would result in performing measurements all the time when UE is served on the macro cell. Therefore, the rapporteur proposes to change the evaluation for Criterion 1 as follows:
· Power consumption may be reduced as the periodicity could be left to UE implementation.
The following issues other than the agreed criteria were raised for each solution: 
· Solution 2 (Small cell discovery signal in macro layer)

· The solution would increase the size of Pico eNB and its cost as it requires an additional RF unit.
· Solution 5 (Network based proximity detection based on macro cell listening)

· Although the specification impact is mimimum, implementation complexity is foreseen.
· How accurate the eNB can estimate UE proximity by RF fingerprint.
· Thre required amount of measurement reports may be excessive.

· Solution 6 (UE based proximity detection)

· UE implementation complexity in processing many RF finger prints for pico cells
· A concern about the validity of RF finger print of pico cells as the user behaviour in the outdoor area is irregular. 
· Solution 7 (Network based proximity detection based on pico cell listening)

· The solution would increase the size of Pico eNB and its cost as it requires an additional RF unit.

· The solution does not work, if the Pico eNB does not support X2 IF.

· The solution is applicable to the CA deployment.
2.3. UE MSE based inter-frequency small cell measurements

Table 5 shows self-evaluation proposed by proponents in the previous email discussion [2].
Table 5:
Evaluation on UE MSE based measurements
	#
	UE MSE based inter-frequency small cell measurements  (Solution 9)

	Criterion 1
	This is a complementary solution that could be used along with Solution 1. As this provides an additional criterion of using the mobility state of the UE it filters further as to which REL-11 UEs perform small cell discovery measurements.  Since fast-moving UE suspends inter-frequency measurements it helps those UEs in reducing the power consumption.

	Criterion 2
	Since this solution involves suspending small cell discovery measurements depending on UE MSE, for those UEs for which measurements are suspended there is no need to use measurement gaps to perform measurements. Hence the interruption on the serving cell(s) is not increased compared to not employing this enhancement. In contrast, the interruption on the serving cell for some population of the REL-11 UE is actually reduced.

	Criterion 3
	Fast-moving UE should in general not connect to small cells. This is because the UE travels through the cell coverage so quickly that sufficiently long connections cannot be established [13,14]. Since this solution is actually avoiding inter-frequency mobility for some population of the REL-11 UEs there is no impact to inter-frequency mobility performance for those UEs as well as to other UEs in the same cell.

	Criterion 4
	As this solution is not applicable for legacy UEs there is no impact to legacy UE at all. Only REL-11 UEs based on MSE will know when to suspend small cell discovery measurements. Any signalling defined for this method will be ignored by legacy UEs


Likewise, the following viewpoints need to be discussed:
Discussion #3a:
Proponents are asked to provide self-evaluation on Criterion 4 in Table 5.

Discussion #3b:
Whether the self-evaluation in Table 5 is correct needs to be checked. If there is a different view, companies are asked to provide their view in Table 6.

Discussion #3c:
Proponents are asked to add additional evaluation against existing mechanisms in Table 5, if any.

Discussion #3d:
Companies are asked to provide the other aspects to be considered in Table 6.
Table 6:
Discussion on MSE based inter-frequency small cell measurements

	Company name
	Comment

	Alcatel-Lucent
	ALU in general support this feature and agree with the evaluation in Table 5.

The details about the need of signalling support will be dependent on MSE study.

	InterDigital
	Changing the rate of interference measurements based on mobility may be a bit difficult, as the UE cannot autonomously change the rate as the serving cell has to be aware of the rate as it impacts when the scheduling for the UE is performed.  We do however agree that in high mobility states the UE should not perform inter-frequency small cell detection as it will likely not be under the small cell coverage for very long. We have also seen in simulations that for high speed UEs, measurements need to be performed very frequently for mobility to take place in time and to not result in RLF, so this scheme would be beneficial to scale up/down the measurement rate.  


	ZTE
	We intend to agree with the intension of not handing over high speed UE to small cells. 

	MediaTek
	We support this. Evaluation in table 5 seems ok. 

	Renesas Mobile Europe Ltd.
	We agree with the evaluation in Table 5 and think this could be a viable option for small cell discovery. However, stability issues in MSE should be also sorted out for best operation of this mechanism.

	NTT DOCOMO
	We understand the intention, if there is such a scenario. However, the eNB can estimate UE speed by UE history information and decide not to configure inter-frequency small cell measurements. Thefore, the objective can also be achieved by the existing mechanism.

	New Postcom
	We in general support this intention. However, further study is necessary to evaluate the benefit/gain.

	LGE
	We would like to discuss this after the MSE discussion is settled down.


Rapporteur’s summary:

Evaluation results provided by the proponent in Table 5 seem agreeable. The intention of this proposal was also acknowledged. The following issue other than the agreed criteria was raised:
· How accurate and stable the mobility state of UE can estimate in Hetnets should be studied for further. This is related to the discussion of MSE enhancements.
2.4. Small cell signal based control of inter-frequency measurements
Table 7 shows self-evaluation proposed by proponents in the previous email discussion [2].
Table 7:
Evaluation on small cell signal based control of inter-frequency measurements

	#
	Small cell signal based control of inter-frequency measurements  (Solution 10)

	Criterion 1
	This is a complementary solution that could be used along with Solution 1. When small cells are deployed in more than one carrier frequencies this solution allows UE to suspend inter-frequency measurements for small cells on other carrier frequencies if the UE had already found a small cell with signal conditions about the configured threshold in one carrier frequency. UE resumes inter-frequency measurements for small cells on other carrier frequencies only if the UE cannot find any small cells with signal conditions about the configured threshold in the earlier detected carrier frequency. Since this allows UE to perform inter-frequency measurements in a specific frequency and since it can use the background measurements as in Solution 1, it helps reduce the UE power consumption.

	Criterion 2
	 Similar to Solution 1, since the measurement (with gap assistance) is performed less frequently, interruptions on the serving cell(s) can also be reduced.

	Criterion 3
	Similar to Solution 1, Handover initiation will be delayed due to the longer measurement period. However, this would not result in HO failure in the target use case. This is because the source cell radio quality would be still good, even if the handover initiation is delayed.

	Criterion 4
	As this solution is not applicable for legacy UEs there is no impact to legacy UE at all. Any signalling defined for this method will be ignored by legacy UEs.


Likewise, the following viewpoints need to be discussed:
Discussion #4a:
Proponents are asked to provide self-evaluation on Criterion 4 in Table 7.

Discussion #4b:
Whether the self-evaluation in Table 7 is correct needs to be checked. If there is a different view, companies are asked to provide their view in Table 8.

Discussion #4c:
Proponents are asked to add additional evaluation against existing mechanisms in Table 7, if any.

Discussion #4d:
Companies are asked to provide the other aspects to be considered in Table 8.
Table 8:
Discussion on small cell signal based inter-frequency small cell measurements

	Company name
	Comment

	ALU
	Looks like doable. The evaluation in table 7 is fine.

Note: the minimum continuous background search is required for this method. Need more simulation support to see how much benefit we could have.

	InterDigital
	In general, we agree with the evaluation in Table 7, and think this might be a useful. We also think that this should be viewed as a complementary solution, as we still would need other means to prevent the unnecessary inter-frequency measurements that might be performed when the UE is nowhere near a small cell.
 

	Renesas Mobile Europe Ltd.
	The solution seems complementary to also solution 4,

	NTT DOCOMO
	I agree that it is complementary with Solution 1. We are of opinion that it is worthwhile studing for further. I also agree with Renesas that it is also applicable to Solution 4.

	LGE
	We do not fully understand this solution (critical difference from other solutions). Need more time to check this. 


Rapporteur’s summary:

4 companies thought that the evaluation results in Table 7 is agreeable, alshough 1 company thought that the difference from other solutions is questionable. The need of clarifying the achieved gain was also commented. 
3. Summary and proposal
For each potential solution, this paper discussed whether the evaluation criteria are satisfied. From the above discussion, the rapporteur proposes to summarise the evaluation results as shown in Table 9a/ 9b. The concise results are intended to capture in the main part of TR. Therefore, the following is prposed:
Proposal 1:
It is proposed to capture the following summary of evaluation results (Table 9a/ 9b) in TR.
Table 9a:
Summary of evaluation results (1).

	#
	Relaxed measurement configuration (Solution 1 & 3)
	UE MSE based measurements (Solution 9)
	Small cell signal based control of measurements (Solution 10)
	Measurements w/o gap assistance (Solution 4)

	Criterion 1
	Yes
	Yes for high speed UE
	Yes, with Solution 1 & 3
	No

	Criterion 2
	Yes
	Yes for high speed UE
	Yes, with Solution 1 & 3
	Yes

	Criterion 3
	Yes, if applied for small cell discovery purposes
	Yes for high speed UE
	Yes, with Solution 1 & 3
	Yes

	Critetion 4
	Yes
	Yes
	Yes
	May have an impact

	Spec impact
	[FFS]
	[FFS]
	[FFS]
	Already available for some CA band combinations

	Note
	
	Complementary solution with relaxed measurement configuration
	Complementary solution with relaxed measurement configuration
	Only applicable to CA capable UEs


Table 9b:
Summary of evaluation results (2).
	#
	Small cell discovery signal in macro layer (Solution 2)
	UE based proximity detection (Solution 6)
	Proximity detection based on macro/ pico cell listening (Solution 5 & 7)
	Proximity detection with broadcast assistance

	Criterion 1
	Yes
	Up to UE implementation
	Yes
	Up to implementation

	Criterion 2
	Yes
	Yes
	Yes
	Yes

	Criterion 3
	Yes
	Yes
	Yes
	May have an impact

	Critetion 4
	Yes, if UE is served on the small cell. Otherwise, No.
	Yes
	Yes
	Yes

	Spec impact
	No impact
	Reuse of the CSG cell solution. Performance requirements and test cases are required.
	For macro cell listening, no impact.
For pico cell listening, X2 signalling is required
	Broadcast indication for small cell presence

	Note
	RF unit for macro carriers is required for Pico eNB.
	
	For pico cell listening, support of X2 IF is required for Pico eNB. RF unit for macro carriers is also required.
	


This paper also discussed the other aspects to be considered. From the comments received during the email discussion, the rapporteur proposes to discuss the following open issues for further. The open issue related to measurement performance requirements has to be consulted by RAN4. Therefore, the following is proposed.
Proposal 2:
The following open issues should be discussed for further
For relaxed measurement configuration (Solution 1 & 3):

· How to distinguish between measurements for offloading/ load balancing purposes and the ones for mobility purposes.




For Proximity detection based on macro cell listening (Solution 5):
· How accurate the eNB can estimate UE proximity by RF fingerprint.
· Whether the required amount of measurement reports is excessive.





For UE based proximity detection (Solution 6):

· Applicability to Hetnet deployments (UE complexity and validity of RF finger print)





For Proximity detection with broadcast assistance (Solution 8):
· How accurate the UE can estimate the vicinity of pico cells.




For UE MSE based measurements (Solution 9)
· The accuary and stability of MSE. (It is related to the discussion of MSE enhancements.)




For Small cell signal based control of measurements (Solution 10)
· The achieved gain needs to be clarified.

Proposal 3:
RAN2 should ask RAN4 to study feasibility of relaxed measurement configuration for the target use case by an LS.
Proposal 4:
The detailed evaluation results shown in Table 10 – 17 should be captured in the Annex section of TR.
Table 10:
Evaluation results on relaxed measurement configuration.

	#
	Relaxed measurement configuration (longer measurement period and relaxed side condition (Solution 1 & 3)

	Criterion 1
	UE power consumption can be reduced by performing inter-frequency measurements less frequently. More than 90% power saving can be achieved by applying 1s measurement period and more, compared with 80ms period [13]. In addition, UE power consumption can be reduced by relaxed side conditions, since UE is not required to be able to measure cells at the lower SIR. The gain and to what extent the side condition can be relaxed needs to be consulted by RAN4.

	Criterion 2
	Since the measurement (with gap assistance) is performed less frequently, interruptions on the serving cell(s) can also be reduced.

	Criterion 3
	Handover initiation will be delayed due to the longer measurement period. However, this would not result in HO failure in the target use case. This is because the source cell radio quality would be still good, even if the handover initiation is delayed. Note that if we use the longer measurement period and the relaxed side condition only for small cell discovery purposes but make actual handover decisions based on measurement done using existing gap patterns and side conditions there is no impact to inter-frequency mobility performance.

	Criterion 4
	Mobility performance of legacy UE is not at all degraded by this Solution since only REL-11 UE and mainly for the purpose of small cell discovery will be configured with this longer measurement gap and relaxed side condition. Legacy UEs will ignore the new REL-11 measurement configuration.


Table 11:
Evaluation results on measurements w/o gap assistance.

	#
	Measurements w/o gap assistance (Solution 4)

	Criterion 1
	The solution does not help to minimise UE power consumption.

	Criterion 2
	Interruption on the serving cells can be avoided.

	Criterion 3
	The solution will not degrade the mobility performance, as measurement report is not delayed by the additional measurement.

	Criterion 4
	If the number of simultaneous measured carriers (three carriers) are kept as it is there could be an impact to existing measurement requirements.


Table 12:
Evaluation results on small cell discovery signal in macro layer

	#
	Small cell discovery signal in macro layer (Solution 2)

	Criterion 1
	Inter-frequency measurement is performed only when the UE is near the vicinity of the small cell coverage area.  Thus the number of measurements is reduced.

	Criterion 2
	Because inter-frequency measurements are only performed in the vincinity of the small cell coverage area and we do not argue for any longer measurement gaps, the number of interruptions to the serving cell is minimised.

	Criterion 3
	As it is possible to perform only at the targeted place (and time) the measurement of the frequency on which small cell resides, the impact is minimized on the mobility performance on macro cell carriers and the number of inter-frequency measurement UE has to perform.  

	Critetion 4
	From the view point of inter-frequency small cell identification, the solution 2 works also for legacy UEs since it relies on existing channels and procedures.

From the view point of intra-frequency mobility at macro layer, potential impact of pilot pollution needs to be considered. For UEs in the coverage of the small cell, it is expected that service will be provided by the “small cell layer”, and hence the pilot pollution caused on the layer of the macro cell is not a concern. Interference cause to UEs outside the coverage of the small cell is limited because discovery signals consist of common channels only, and their power can be set to prevent leakage outside the intended coverage of the small cell.

One case where the discovery signal transmitted by the small can be unacceptable is when a UE does not have the RF capability to operate in the layer of the small cell, because the UE cannot be moved to the small cell layer while discovery signal can cause unacceptable interference on the macro layer as the UE moves very close to the small cell.


Table 13:
Evaluation results on UE based proximity detection.
	#
	UE based proximity detection (Solution 6)

	Criterion 1
	Whether UE power consumption is reduced is up to UE implementation scheme for RF fingerprint measurements.

	Criterion 2
	Because inter-frequency measurements are only performed in the vincinity of the small cell coverage area and we do not argue for any longer measurement gaps, the number of interruptions to the serving cell is minimised.

	Criterion 3
	As it is possible to perform only at the targeted place (and time) the measurement of the frequency on which small cell resides, the impact is minimized on the mobility performance on macro cell carriers and the number of inter-frequency measurement UE has to perform.  

	Critetion 4
	There is no impact to legacy UE.


Table 14:
Evaluation results on Proximity detection based on macro/ pico cell listening.

	#
	Proximity detection based on macro/ pico cell listening (Solution 5 & 7)

	Criterion 1
	Inter-frequency measurement is performed only when the UE is near the vicinity of the small cell coverage area.  Thus the number of measurements is reduced.

	Criterion 2
	Because inter-frequency measurements are only performed in the vincinity of the small cell coverage area and we do not argue for any longer measurement gaps, the number of interruptions to the serving cell is minimised.

	Criterion 3
	As it is possible to perform only at the targeted place (and time) the measurement of the frequency on which small cell resides, the impact is minimized on the mobility performance on macro cell carriers and the number of inter-frequency measurement UE has to perform.  

	Critetion 4
	There is no impact to legacy UE.


Table 15:
Evaluation results on proximity detection with broadcast assistance.

	#
	Proximity detection with broadcast assistance (Solution 8)

	Criterion 1
	Power consumption may be reduced as the periodicity could be left to UE implementation.

	Criterion 2
	No interruption to serving cell as scan periodicity is UE implementation.

	Criterion 3
	Pico discovery could be delayed but then again it is subject to UE implementation and the periodicity of the background scans.

	Critetion 4
	No impact to the legacy UEs.


Table 16:
Evaluation results on UE MSE based measurements.

	#
	UE MSE based inter-frequency small cell measurements  (Solution 9)

	Criterion 1
	This is a complementary solution that could be used along with Solution 1. As this provides an additional criterion of using the mobility state of the UE it filters further as to which REL-11 UEs perform small cell discovery measurements.  Since fast-moving UE suspends inter-frequency measurements it helps those UEs in reducing the power consumption.

	Criterion 2
	Since this solution involves suspending small cell discovery measurements depending on UE MSE, for those UEs for which measurements are suspended there is no need to use measurement gaps to perform measurements. Hence the interruption on the serving cell(s) is not increased compared to not employing this enhancement. In contrast, the interruption on the serving cell for some population of the REL-11 UE is actually reduced.

	Criterion 3
	Fast-moving UE should in general not connect to small cells. This is because the UE travels through the cell coverage so quickly that sufficiently long connections cannot be established [13,14]. Since this solution is actually avoiding inter-frequency mobility for some population of the REL-11 UEs there is no impact to inter-frequency mobility performance for those UEs as well as to other UEs in the same cell.

	Criterion 4
	As this solution is not applicable for legacy UEs there is no impact to legacy UE at all. Only REL-11 UEs based on MSE will know when to suspend small cell discovery measurements. Any signalling defined for this method will be ignored by legacy UEs


Table 17:
Evaluation results on small cell signal based control of inter-frequency measurements.

	#
	Small cell signal based control of inter-frequency measurements  (Solution 10)

	Criterion 1
	This is a complementary solution that could be used along with Solution 1. When small cells are deployed in more than one carrier frequencies this solution allows UE to suspend inter-frequency measurements for small cells on other carrier frequencies if the UE had already found a small cell with signal conditions about the configured threshold in one carrier frequency. UE resumes inter-frequency measurements for small cells on other carrier frequencies only if the UE cannot find any small cells with signal conditions about the configured threshold in the earlier detected carrier frequency. Since this allows UE to perform inter-frequency measurements in a specific frequency and since it can use the background measurements as in Solution 1, it helps reduce the UE power consumption.

	Criterion 2
	 Similar to Solution 1, since the measurement (with gap assistance) is performed less frequently, interruptions on the serving cell(s) can also be reduced.

	Criterion 3
	Similar to Solution 1, Handover initiation will be delayed due to the longer measurement period. However, this would not result in HO failure in the target use case. This is because the source cell radio quality would be still good, even if the handover initiation is delayed.

	Criterion 4
	As this solution is not applicable for legacy UEs there is no impact to legacy UE at all. Any signalling defined for this method will be ignored by legacy UEs.
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