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1. Introduction
This email discussion is intended to investigate performance of existing functionalities and potential enhancements for detecting inter-frequency small cells. To make progress step by step, the rapporteur proposes to identify the following aspects at first:
Step 1: Clarifying use cases where inter-frequency cell identification is performed in the agreed scenario [1].
Step 2: Identifying requirements for the clarified use cases in Step 1.
Once the use cases and the requirements are identified, the following exercises are to be done.
Step 3: Investigating whether existing functionalities can fulfill the requirements.
Step 4: Identifying potential enhancements and investigating whether the requirements can be fulfilled.

The deadline of this email discussion is March 19th, midnight pacific. 
NOTE:
Hereinafter, cell identification and measurements are collectively called “measurements”.
2. Discussion
2.1. Use cases of inter-frequency measurements
At RAN2 #77, the following scenarios were agreed [1]:
1. For inter-frequency small cell detection evaluation we focus on a scenario where one (macro) frequency layer provides full coverage and where pico cells are provided on a second frequency layer for offloading purposes including means to improve perceived QoS in hot spot locations.

2. We should investigate whether the same findings apply also to detection of candidate SCells on the second frequency layer
Based on the agreed scenarios, the rapporteur proposes to clarify which use case is the scope of this study. The intention of this discussion is to develop common understanding on the use cases which would help to understand whether there are different requirements for Hetnets than conventional inter-frequency measurements at the next step (Step 2). Both non-CA and CA scenario are looked into below.
· Non-CA scenario:
The following use cases illustrated in Fig.1 can be considered:
Case 1: For Macro-to-Pico handover (for offloading traffic and improving perceived QoS)
Case 2: For Pico-to-Macro handover (at pico cell coverage boundaries)
Case 3: Macro-to-Macro handover (e.g., at carrier boundaries in Fig.1 or load balancing between carriers)
According to the agreed scenario, Case 1 seems obvious. For Case 2 and 3, use cases seem to be the same as in Macro only networks
. Conventional inter-frequency measurements can be applied for those cases. Therefore, Case 1 would be the scope of this study. 
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Fig.1
Inter-frequency measurements in the Non-CA Hetnet scenario
· CA scenario:
Although a clear consensus has not been made, CA scenario #4 [2] seems to be of our interest. This is because for the other scenarios, conventional measurements are sufficient to manage CCs. In CA scenario #4, the following use case illustrated in Fig.1 can be considered:
Case 4: For detecting candidate SCells while a UE is not configured with any SCells
The Macro-to-Macro handover (Case 3) is also the case in CA scenario #4. However, this is the same as in Macro only networks as well as the non-CA scenario. 
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Fig.2
Inter-frequency measurements in CA scenario #4
From the above, Case 1 and 4 seem to be the target scopes of this discussion. 
Discussion #1:
Are Case 1 and 4 the target use cases for which inter-frequency measurement performace should be evaluated? Are there the other use cases to be considered?

Companies are asked to express their views on this aspect.
Table 1
	Company name
	Comment

	Nokia/Nokia Siemens
	In our understanding Case 1 and Case 2 are the target use cases for Hetnet mobility study item and Case 1 in particular is more interesting to study for small cell detection/discovery. Case 1 is the target use case for not only looking at inter-frequency small cell detection performance but should also consider the UE power consumption aspects while trying to meet those inter-frequency small cell detection requirements for Hetnet.
Note that Case 1 can also be for coverage reasons at macro cell coverage boundary when there is a gap between two macro cell coverage.
CA scenario #4 was not in the original scope of the Hetnet study item. Before we consider Case 4, we would like to understand why you see that small cell detection for inter-frequency Hetnet mobility and CA SCell management (Add/Remove) needs to be separate use cases? We should generally focus on requirements for small cell detection rather than particular use of those measurements (which is anyway up to the network as to what it uses the measurements for).

	Renesas Mobile Europe Ltd.
	We think Case 1, 2 and 4 are the most interesting ones, but Cases 1 and 4 have the largest implications. Case 3 seems to be the “legacy” case that can be handled by legacy procedures. More detailed comments to each of the cases is shown below:

· Case 2 is the case where UE is operating on the pico layer, which means that the network implicitly knows about the overlay macro layer and can assign measurements according to existing procedures. However, what needs to be clarified is whether and how the potential inter-frequency measurements needed for Case 1 or Case 4 may be used in this case.

· Case3 is the legacy case, and would (by default) be handled by current procedures. We think the legacy procedures would be sufficient for this case.

· Case 1 is the case where the UE would be searching for a inter-frequency cell (autonomously or according to configured measurements). Such a deployment is already possible in Rel’8. The additional question here is whether these inter-frequency measurements are separate from the existing measurement configuration, but that will be handled in the second step of the discussion.

· Case 4 seems similar to Case 1 in that UE is expected to measure carriers that are not configured for CA purpose. While the UE may be able to do such measurements without gaps in some cases, it should be noted that for some intra-band cases this would only be possible if RF retuning is allowed. 

Considering the presented use cases, it seems to us that there are two generic situations to be addressed (whether they are for CA or non-CA is perhaps less relevant at this stage):

A) UE does inter-frequency measurements for a carrier that is expected to have non-uniform coverage (e.g. hotspot deployment) for offloading/load balancing purposes

B)   UE does inter-frequency measurements for a carrier that is expected to have uniform coverage (e.g. coverage macro layer) for coverage HO/load balancing purposes

With these, Case A) would cover the use cases 1 and 4, and Case B) would cover the use cases 2 and 3. Further considering the A) and B), e.g. the following questions could also be considered later on:

· Are new measurement procedures required to address A) and B), or are such measurements a part of the existing measurement procedures (e.g. covered with the same measurement gaps etc.)?

· Are both A) and B) handled with the same measurements? 

· If yes, is UE expected to know whether measurements on certain carrier fall into A) or B)?

However, we think these could be further discussed in the second step of the e-mail discussion.

	Ericsson
	We understand Case 1 and Case 2 being the main use cases for this study item. Case 1 is important for offloading to pico cells, and Case 2 is important to keep the UE in coverage.

We agree with Docomo that Case 2 and Case 3 are very similar, and that existing procedures can be used to fulfil both cases.

We note that Case 4 was not in the original scope of this SI. From the perspective of detection of small cells, we think Case 4 is the same as Case 1. The difference is what the network decides to do with the information that a small cell is close to the UE. 

To conclude, we think this e-mail discussion should only focus on Case 1.

	ZTE
	We understand Case 1 is the main use case to consider for HetNet. For case 4, we have some concerns as follows.

The major concern is whether we need to separate UE to CA based or non-CA based. Furtherly, should CA based UE be classified to devices with multiple RF chains or single RF chain. This relates to the requirement issue(interruption to Macro serving cell) mentioned in next session.
Another thought for case 4 is how accurate location information of UE the network can achieve. For example, is NW able to be aware UE is coming inside/outside of the Scell/Pico coverage? If no helpful information at all at NW, case 4 should be the same as case 1.
To conclude, we prefer not considering case 4 in HetNet scope at all. Or at least, case 4 should be considered as exactly the same as Case 1, with no different works considered.
Case 2 and 3 should stick to the way in legacy network.

	Huawei
	Our understanding is Pico cell offloading is the main use case. Hence, Cases 1 and 2 are the most relevant aspects. 

We also agree with DoCoMo that inter-frequency measurement needs in Cases 2 and 3 are mostly related to coverage extension, and that measurement related functionalities and procedures (e.g., triggering) share many commonalities in Cases 2 and 3. 

As Case 4 is not in the original SI scope, and RAN2 agreement is to “investigate whether the same findings apply also to” CA case, the initial focus can be on Case 1 for the time being. And the application to Case 4 can be studied later after more progresses are made.

	Alcatel-Lucent
	Due to the fact that CA in HetNet eliminates macro/pico inter-frequency HOs, it appears not a major issue on mobility in HetNet and we would like to be more focused on the non-CA case.

The motivations of pico deployment are mainly for hotspot off-load, but there are scenarios where picos are deployed at the macro coverage edge or the coverage hole. Therefore, for the completeness the HO case 1 has two sub-cases: 1a) offload and 1b) macro/pico coverage borders. 

It is also possible that the network redirect the UE from pico to macro for specific purposes (e.g. load balance). The case 2 also has two sub-cases: 2a) pico coverage borders and 2b) network redirection.

The cases 1b), 2a) would be more delay sensitive comparing to the off-load cases and is expected to be covered by the main mobility performance study.

We agree with Renesas that we should consider cases separately where the pico cells are the only cells in the frequency and where pico cells are embedded in a macro cell on that frequency.

We would suggest that the case 1a) should be the main focus of this email discussion, taking into account the comment above



	New Postcom
	We understand Case 1 and Case 2 are the most relevant cases in this study.
However, we think it is premature to say that existing procedures can work in Case 2 as well as in macro only network. Recalling the evaluation result of mobility performance in the intra-freq scenario, we observed higher handover failure rate in pico to macro handover, i.e. “Case 2” in intra-freq scenario, in comparison to other cases. It is straightforward for us to expect that similar issue (i.e. high HOF rate) may probably be observed also in inter-freq scenario.
Therefore, we think Case 2 is an important use case and should be the further evaluated in the inter-freq measurement study.
Regarding the Case 4, as the CA case is not in the SI scope, the initial focus can be on Case 1 for the time being.


	InterDigital
	We think that Case 1 is the most problematic and thus the main target of this study. Case 2 and Case 3 both can be handled by the legacy procedure.    With a conservative threshold the network can ensure that the UE starts measuring on the macro frequency before hot spot coverage in the pico frequency is lost.

Case 2 may be problematic in high mobility scenarios where the pico coverage may be lost before the handover completes, similar to intra-frequency. However, it seems that this particular issue is related to mobility rather than inter-frequency small cell detection.   

We also agree with Ericsson and don’t see a need to separate Case 1 and Case 4 in terms of small cell detection.  The difference between these cases is how the small cell is used once detected.  In Case 1 it is used to perform an inter-frequency handover and in Case 4 it is used to configured it as a Scell.  

	NTT DOCOMO
	We are fine with the generalised scenario proposed by Renesas. We are of opinion that Case A) should be the main scope of this study. Case B) is an existing use case and can be handled by the existing inter-frequency mesurement. We agree on ALU’s comments that small cells are also deployed at macro cell boundaries. In this case, NW can configure inter-frequency measurements only when the quality of the serving macro cell gets worse. Therefore, the existing inter-frequency measurement is sufficient. 

	Samsung
	We think Case 1, 2 and 4 are relevant, Case 3 is the legacy case and could be handled by legacy procedures.

In general from the use cases we see 4 scenarios that needs to be covered:

1. Inter-frequency measurements on a carrier with non-uniform coverage for offloading/load balancing purposes (As indicated by Renesas)

2. Inter-frequency measurements on a carrier with uniform coverage (e.g. coverage macro layer) for coverage HO/load balancing purposes (As indicated by Renesas)

3. Inter-frequency measurements on a carrier that has both Picos and Macros

4. Inter-frequency measurements on a carrier that has only Pico cells



	Sumitomo
	We think Case 1 and 2 have two sub-cases : 
A) all pico cells are deployed at the macro coverage edge ,
B) not all pico cells are deployed at the macro coverage edge.
We think Case 1B and Case 2B are the relevant cases for offloading. In Case 1A and 2A, the legacy inter-frequency measurement seems sufficient.
 Case 2 and 3 are similar cases and the existing procedures can be used to resolve the coverage problems. However, as for other aspects, such as the minimization of power consumption, it is premature to say that existing procedures can optimize them in Case 2 as well as in Case 3.

	Pantech
	In our understanding, for small cell discovery issue, Case 1 would be the main use case. 
Case 2 would also be interesting one for measurement enhancement in Pico cell. For example, measurement may be reduced in Pico cell. However, we are not sure whether this belongs to the scope of small cell discovery issue. 
Case 3 would be meaningful use cases for other issues on HetNet mobility scope (e.g. re-establishment enhancement, enhancement of mobility robustness).
For Case 4, we are not clear whether Frequency 2 is used only for Pico cells. In other words, we are wondering whether Macro cells of other eNBs with Frequency 2 cannot be used for neighbor cells of the serving cell.

	Qualcomm Incorporated
	We agree to the generalization suggested by Renesas, while in addition we think that for the case B) the main use case in this HetNet study is HO for coverage reason. We also agree that the case A) should be prioritized in the study. For the case B) it seems RAN2 has not established there is a problem.

	CATT
	We generally agree with the generalization proposed by Renesas, because we haven’t seen the need to separate the scenarios to CA or non-CA. Although we think Case A) should be prioritized in this study, Case B) is not expected be excluded now, especially for the case of HO for coverage reason.

	Potevio
	We agree with most companies that Case 4 is the same as Case 1 in term of cell detection and we can generalize them as A) as in Renesas’s comment.

With respect to Case 2 and Case 3, we think current procedures are enough and no enhancements are needed. In Case 2&Case 3, inter-frequency measurement can be triggered when the eNB find that UE is leaving for the cell border. 

Our understanding is that the key point for Case 1/Case 4 is that the NW does not know when to trigger inter-frequency measurements without enhancements to current standard, and it is what we will discuss in the next stage.

	Motorola Mobility
	We agree that cases 1 and 4 should be treated together and should be the focus of this study. We agree with the rapporteur that nothing new is needed for cases 2 and 3 – current procedures should be adequate.


Rapporteur’s summary:
From the company views in Table 1, Case 1 is thought as the main scope of this study. With regards to Case 4, the majority view was that there is no need to consider the CA scenario, as it is covered by Case 1. As proposed by Renesas, Case 1 and Case 4 are generalised as follows:
Case A:
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.
Therefore, as an outcome of this email discussion, the following is proposed:

Proposal 1:

For inter-frequency small cell detection, the study should focus on the following use case.
· 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.
Case 2 and Case 3 are also proposed to generalise as follows:
Case B:
UE does inter-frequency measurements for a carrier that is expected to have uniform coverage (e.g. coverage macro layer) for coverage HO/load balancing purposes

In Case B while UE is served on the pico cell (Case 2), 9 companies (Renesas, Ericsson, ZTE, Huawei, Alcatel-Lucent, Inter Digital, NTT DOCOMO, Qualcomm and Potevio) were of opinion that it is an existing use case and the existing measurement mechanism is sufficient. In contrast, 7 companies (Nokia, NSN, New Postcom, Samsung, Sumitomo, Pantech and CATT) had the different view that this scenario should also be focused. Therefore, whether Case B should be the scope of this study has to be discussed for further. Therefore, the following is proposed:
Proposal 2:

The need to study the following use case should be discussed at the #77bis meeting.

· UE does inter-frequency measurements for a carrier that is expected to have uniform coverage (e.g. coverage macro layer) for coverage HO/load balancing purposes.
The use case that both macro and pico cells are deployed on the same carrier and an inter-frequency measurement is performed on that carrier was commented. However, why this scenario is relevant to this study is unclear. The reason needs to be clarified. It should be noted that RAN2 agreed not to work on inter-frequency measurement subframe restriction, unless RAN4 indicates the need [4].
2.2. Requirements for Hetnet deployments
For the target use cases discussed in sub-clause 2.1, requirements for inter-frequency measurements are discussed below. The intention of this discussion is to develop criteria for assessing whether existing functionalities are sufficient (Step 3) and evaluating potential solutions (Step 4). The following requirements were proposed at #76 meeting [3]:
Requirement 1:
UE power consumption for inter-frequency small cell measurements in Hetnet deployments should be minimised.

Requirement 2:
Any interruptions on the Macro serving cells due to inter-frequency small cell measurements should be minimised.

Requirement 3:
Inter-frequency mobility performance served by Macro cell carriers should not be degraded by measuring inter-frequency small cells.

Requirement 4:
The UE should be able to measure a sufficient number of inter-frequency carriers in Hetnet deployments.

Requirement 5:
Performance requirements for inter-frequency small cell measurements should focus on low mobility scenarios.
The proposal was intended for the CA scenario (Case4). However, Requirement 1, 4 and 5 are also applicable to the non-CA scenario (Case 1). Requirement 2 can be considered as the one for the CA scenario, given that CA capable UEs will be able to perform inter-frequency measurements without gap assistance. The point to be discussed is whether Case 1 has the same requirement. That is whether any interruptions on the Macro cells should be minimised or not, when the UE performs inter-frequency measurements for the Macro-to-Pico handover. Likewise, Requirements for inter-frequency mobility performance in Case 1 needs to be understood, as Requirement 3 is assumed for the CA scenario. The point to be discussed is whether the Macro-to-Pico mobility performance should be the same as the Macro-to-Macro mobility or different performance is allowed. Therefore, the rapporteur proposes to discuss the following aspects:
Discussion #2a:
Can Requirement 1, 4 and 5 be considered as requirements for both the CA and non-CA scenario (Case 1 and 4)?

Discussion #2b:
Can Requirement 2 and 3 be considered as requirements for the CA scenario?

Discussion #2c:
Is Requirement 2 applicable to the non-CA scenario? That is whether any interruptions on the Macro serving cells should be minimised when the UE performs inter-frequency measurements for the Macro-to-Pico handover.

Discussion #2d:
For the non-CA scenario, Should the Macro-to-Pico mobility performance be the same as the Macro-to-Macro mobility or different performance is allowed?

Discussion #2e:
Are there the other requirements?
Companies are asked to express their views on this aspect.
Table 2
	Company name
	Comment

	Nokia/Nokia Siemens
	We should generally focus on requirements for small cell detection rather than divide the use cases for non-CA and CA.
Not sure why we need Requirement 4. Are we looking for a different requirement on the number of carriers to measure for Hetnet than what is already defined for inter-frequency measurements?

Not sure about the need for Requirement 5. We should also consider high mobility users as those are also possible in Hetnet.

	Renesas Mobile Europe Ltd.
	We agree with NNSN that it may be confusing to consider the CA and non-CA cases separately: Given the use case classification we proposed, the questions could perhaps be simplified. 

Please find our comments to the requirements below:

· Requirement 1: We are fine with this for any use case.

· Requirement 2: Should the requirement be limited to “Macro serving cells” only? Since the UE can’t easily know that, perhaps it would be better to just talk about “serving cells” instead?

· Requirement 3: We agree to this in principle, but similarly as for Requirement 2, what does it mean that the macro cell mobility performance is not degraded? From UE perspective, what does this mean for measurements? 

· Requirement 4: It is a bit unclear what is “sufficient number”, as this may depend on both the UE capability and the actual deployment scenario. While we agree that it would be good to separate a background search for inter-frequency carriers outside the current measurement objects, but perhaps we should then state that instead? So does the Requirement 4 mean the same as “UE should be able to search for carriers outside those done by normal inter-frequency measurements”?

· Requirement 5: Similar concern as for Requirement 4: While we agree in principle with the intent (i.e. a background search for new carriers could be low intensity), maybe we should state more clearly what the goal is: “Performance requirement for inter-frequency cells outside normal inter-frequency measurements should focus on low mobility”.  Note that we also have some sympathy for the NNSN concern about high mobility, but as we see it, focusing on low mobility does not preclude the solutions not working for high mobility. We think that the existing measurement procedures should cover the full range of mobility options, so focusing on low mobility could perhaps be best in the scope of Hetnet.

In light of these, our views on the presented questions are listed below:

· #2a: With the above caveats, we think they are applicable for both CA and non-CA cases.

· #2b: As mentioned above, we have some concerns on what the “macro serving cell” means in the context of this proposal.

· #2c: It may be difficult to conclude on this before agreeing to the actual solution, but as a principle, it could be good to uphold this for both CA and non-CA cases.

· #2d: Since mobility performance is something defined by measurement and handover performance, this is perhaps more of a question for how the operators wish to run their networks: The specifications should only reflect the minimum performance requirements. At the moment, there are no performance requirements that would be different depending on the cell type, so addressing this question may fall outside of RAN2 expertise.

· #2e: Whether there is a requirement that the inter-frequency measurements are always on or whether they are triggered by the eNB (e.g. via configuration or system information broadcast) could be discussed.

	Ericsson
	We believe the work should focus on the detection of small cells. We would not like to see a separation into CA and non-CA scenarios.

We respect the list of requirements, but view them more as a set of criteria to evaluate proposed enhancements. We assume that proposed enhancements must outperform existing procedures.

	ZTE
	#2a: We don’t quite get why power consumption is a key requirement specifically for inter-frequency measurement.  It seems the power consumption would only make difference for DRX case. Since in non-DRX, UE has to always keep RF on no matter what it performs, e.g. inter-frequency measurement, intra-frequency measurement or normal transmission/reception.
Therefore, we guess here we are talking about the power consumption of inter-frequency measurement, but not the UE’s total power consumption.
#2b: For requirement 2 and 3, generally we agree with them. Both requirements are applicable for CA and non-CA if Case 1 and Case 4 in Discussion #1 are concluded to be treated with no difference.

#2d: We are confused about what is the exact meaning of this question. Is it performance metric or performance requirement target? To us, performance requirement target should be in RAN4’s work scope.

#2e: The final performance target would be offload opportunity and mobility performance. However, it would be difficult to get a common understanding on how to evaluate offload opportunity. Perhaps other requirements like the staying time at Pico cell/the delay of cell detection could be considered.

	Huawei
	As commented online in RAN2#77, instead of viewing the list as requirements, we appreciate them as guidelines. 

Inter-frequency measurement is needed for both coverage extension and traffic offloading. Requirements 3 and 4 apply to coverage extension. When there are offloading opportunities on a frequency, these two requirements provide guidelines that the coverage extension capabilities should not be impacted on other neighbouring frequencies. In other words, the support of offloading should not significantly sacrifice the capability of coverage extension, as the uses of pico cells (on different frequencies) for offloading and coverage can co-exist.

Requirements 2 and 5 should apply to offloading scenario. That is, there is no relaxing of requirement for coverage extension. But for offloading scenario, optimization can be made for low mobility UE, with reduced interruption on Macro transmission.
In summary, these guidelines apply to measurement of an inter-frequency pico cell, not simply because it is a pico cell, but mostly because the pico cell is used for offloading purpose.

Since CA scenario shares a lot of commonalities with inter-frequency offloading, in terms of whether the pico is deployed for coverage extension or throughput enhancement, these guidelines can also apply to CA cases.

	Alcatel-Lucent
	We see all “requirements” 1-5 as applicable to different degrees (i.e., the relative priority between them is different as some of them are contradictory or less important) for HetNet scenario.  We think we should then look (keeping in mind the scope of the SI) to see if anything additional is needed or if there is significant difference in priority for the CA scenario. 

But some comments on the discussion points:

#2a: The requirements 1, 4 and 5 could be applied to CA and non-CA case at different degrees. The requirement 5 could be more restricted to the non-CA case sincefor the non-CA case, HO is required and higher measurement requirement maybe needed especially in HetNet environment (vs. Legacy macro only system).

#2b:  The requirements 2, 3 would be more restricted for the CA case. They would be still the goals/requirements for the non-CA scenario.

#2c: In general it would be the goal for the non-CA case also. We may need to consider the off-load and coverage border cases separately. For the off-load case, the requirement 2 should apply so that the macro performance is not degraded. For the coverage border case, to ensure the continuation of the connection could be at the higher priority. The requirement could be relaxed in this case.

#2d: We presume the “mobility performance” including the delay of the pico discovery and HOF.  If we focus on scenario 1a_, the pico discovery delay performance can be relaxed.  We believe the same applies also for CA.  On the other hand, the HOF rate performance should at least be compatible to the macro to macro case.

#2e: There maybe delay requirement for the P-M and M-P border cases. It would be beneficial to study whether the delay requirement for the legacy macro only system can be applied to HetNet.

	New Postcom
	We appreciate rapporteur’s effort very much on providing the requirement list; however, it seems to us more as a general guideline than a special requirement list for HetNet. Please find our detail comments below:

· Requirement 1: We think minimizing UE power consumption is important no mater measuring inter-freq pico or macro cells. As we pointed out in section 2.1, Case 2 (i.e. pico to macro HO) should also be considered.

· Requirement 2 & 3: We think it is relevant to discuss non macro serving cell, especially, it is better to avoid a separation between CA and non-CA scenario.
· Requirement 5: We share a similar view as NNSN that high mobility user should also be considered.


	InterDigital
	We also agree with other companies that there’s no need to differentiate non-CA and CA cases and the defined requirements should apply to all small cell detection regardless of the reason why the small cell is used.  

We also find it a bit early to think of definite requirements before having a solution in mind and similar to Huawei think that some of these requirements should be seen as guidelines to lead us to a solution that performs better than current legacy measurement and handover solutions (e.g. in terms of power consumption and service interruption).  

In terms of the specific requirements listed above we have the following comments:

· Requirement 2: we agree with Renesas that it should not be limited to “Macro” serving cell as the UE doesn’t necessarily know the type of cell and additionally because similar procedures may be used for Pico-Pico inter-frequency mobility.  The term “serving cell” seems more appropriate. 

· Requirement 4: this requirement seems to be a little contradictory to other requirements, and the maximum number of frequencies that UE is able to measure is not directly linked to the HetNet use cases but rather to UE capabilities.  RAN4 has had clear requirements on maximum number of frequencies the UE can measure and we should assume that the same requirements apply for HetNet. 

· Requirement 5:  We are not sure if this should be a requirement. The HetNet study has not precluded any mobility states and has focused on handover performances under different mobility states.    The same should apply here and at this stage of the study we shouldn’t preclude high mobility state UEs from utilizing such optimization.  



	NTT DOCOMO
	The difference between CA and non-CA scenarios is that for CA (scenario #4), connectivity including mobility is provided by macro cell carriers. Since handover between macro and pico cells will not occur, mobility performance can be kept as in macro only networks. For the non-CA case, we’re wondering if the mobility performance for Case A) (see Renesas comments in 2.1) can be relaxed even for the offloading purpose. 
On Requirement 4, according to 36.133, the maximum number of inter-frequencies that UE is required to measure is up to 3 (for FDD). We are of opinion that this would not be sufficient, as multiple carriers used for LTE will be available in near future. Therefore, the scenario where multiple carriers are available for both macro and small cells (more than 3 in total) should be taken into account. 

	Samsung
	We agree to the comments that the focus should be on requirements for small cell detection rather than explicitly segregate use cases for non-CA and CA.

On requirement 5, the high speed scenarios should also be considered. Here the problem is that of pico cell avoidance possibility under high UE mobility scenario. Any opportunity to avoid measuring pico cells based on UE mobility should not be discounted. So may be we can reword requirement 5 as below:

Requirement 5:
Performance requirements for inter-frequency small cell measurements should focus on all mobility scenarios.


	Sumitomo
	We agree with other companies that there’s no need to differentiate non-CA and CA cases.
 On requirement 5, we think high mobility state shouldn’t be precluded at this stage because high mobility users are also possible in Hetnet and it is not clear whether the current mobility state estimation can work in Hetnet or not.
#2e: It would be beneficial to consider the staying time at Pico cell to evaluate offload opportunity. 

	Pantech
	We agree with the intention of requirement 2 and 3 on small cell discovery issue.
 We are not still clear whether separation of CA and non-CA scenarios is necessary.
For requirement 4 and 5, we have the same view of other companies. We are not sure whether they are required.

	Qualcomm Incorporated
	We are in general fine with the proposed requirements 1, 2 and 3 even though we tend to agree with Ericsson that those proposed requirements seem to be rather criteria to evaluate enhancements. It is always good to try to minimize additional power consumption or additional disruptions in the serving connection, but all these seem to be subjective matter in comparison to demonstrated gains.
For the requirement 4, we would like to know what “sufficient number of carriers” is before agreeing the requirement.
For the requirement 5, we would like to know what “performance requirements” are envisioned before agreeing the requirement.

	CATT
	In general, We prefer to focus on requirements for small cell detection rather than divide the use cases for non-CA and CA.  And we are fine with requirements 1, 2 and 3.

For requirement 4, we have the same concern as Qualcomm.

 For requirement 5, since high mobility users are possible in Hetnet scenario, we think it’s better to also consider them. 

	Potevio
	Generally we are fine with Requirement 1 through 3. We have no strong opinion about Requirement 4, which is more or less a RAN4 issue. With respect to Requirement 5, as we analyzed in R2-115819, high mobility UEs passing through pico is not a rare case in HetNet scenario and should not be precluded.

Similar to use cases discussion in section 2.1, we suggest not differentiating CA and non-CA case when we talk about requirements. Strictly speaking, inter-frequency SCell searching is outside the scope of the SI.


Rapporteur’s summary:
From the company views in Table 2, the proposed requirements were thought as criteria to study small cell detection. As well as the use case discussion, the majority view is that there is no need to have different criteria between non-CA and CA scenarios. 
Requirement 1, 2 and 3 seemed to be thought as “criteria”. However, Requirement 2 and 3 should be generalised rather than sticking to the type of cell/ carrier. Therefore, the following criteria should be considered.
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.
With regards to Requirement 4, the majority view is that what the sufficient number of inter-frequency carriers is in Hetnets seems difficult to define in RAN2 and is the realm of RAN4. 

With regards to Requirement 5, the majority view is that high mobility scenario should not be precluded. 
With regards to the other criteria, cell identification delay, stay time at the small cell and the need to activate inter-frequency measurements all the time were proposed to consider. To finalise the work on identifying all criteria, the rapporteur propose to continue to discuss the proposed criteria in this email discussion.
Discussion #2f:
What can be the criterion for cell identification delay in Hetnets?

Discussion #2g:
What can be the criterion for stay time at the small cell? (The rapporteur would appreciate if proponents could provide the reason why this can be the criteria.)
Discussion #2h:
Can the need to activate inter-frequency measurements all the time be the criterion?
Companies are asked to express their views on this aspect.

Table 3
	Company name
	Comment

	Ericsson
	We think that it is important that proposed solutions are properly evaluated. We therefore express our support for adding 2f, 2g, and 2h to the list of criteria.

2f: Cell identification delay should be included as a criterion. Minimizing it would most likely give the best system performance, as it gives time to act before the connection to the serving cell drops.

2g: Stay time in the small cell should be included as a criterion. If the assumption is that small cells are used for off-loading/load balancing, then this time should be maximised. 

2h: Performing inter-frequency measurements all the time consumes power in the UE, so there is a classic trade-off here. We think this power consumption should be taken into account, and it should of course be minimised. We note however, that this criterion becomes very similar to criterion 1.

	Renesas Mobile Europe Ltd.
	We think the proposed questions #2f, #2g, and #2h are all valid and should be discussed

#2f: Cell identification is of course a natural measure, and minimizing it would tend to give best opportunity for offloading. However, it is also obvious that e.g. for a slow-moving UE with infrequent traffic (e.g. similar as is used in EDDA evaluations), there could be little or no disadvantage from delay in cell identification.

#2g: Time of stay at a cell gives a measure of how useful a handover to the cell has been: If a UE has stayed in the cell for only a short time, it could be that the handover was not useful

#2h: As agreed in RAN#77, the power consumption increase due to the inter-frequency measurement would be an important metric to consider. Hence, perhaps this is already covered by criterion 1?

	Huawei
	For the Case A, which we agree to focus on, we are not sure 2f and 2g would be critical. For 2f, it does not seem to matter too much to a human, as long as cell identification delay is not so long for him to notice.  For 2g, it depends also on a user’s behaviour, e.g., he may move fast/drive until he stops by a hotspot (home, office, or coffee shop). So, it is difficult to capture this as criteria for RRC procedure. For the use case of hotspot, we should achieve the opposite of 2h to save power consumption.

	Nokia/Nokia Siemens
	While we agree it is important that proposed solutions are properly evaluated we also think we must not spend too much time discussing criteria for solution selection. After all RAN2 had in the past made decisions on enhancement by just discussing the pros and cons of each solution by discussing individual proposals and can be done the same way here also. We hope that RAN2 spends more time on discussing actual enhancement solutions than spend time trying to come to a common agreement on an evaluation methodology for solution selection.

#2f: Agree that it is good to minimize the cell identification delay but cell identification delay requirement need to come from RAN4. So not sure how we can objectively evaluate solutions unless RAN2 studies start to do simulations relating to cell identification delay.

	ZTE
	We share similar views with Ericsson and Renesas.
#2f: Cell detection delay is a critical criterion. 

#2g: It could be evaluated by drawing the statistically staying time at Pico. The offloading requirement is one major target for Pico cells and is reflected by how long the UE can stay at Pico.

#2h: Power consumption would be a severe issue if inter-frequency measurement is activated all the time.

	Sumitomo
	We think time of stay could be added to the list of criteria.
#2g: Time of stay in the small cell should be maximized. We should also care about the frequency of short time of stay.


Rapporteur’s summary:
With regards to cell identification delay, 5 companies (Ericsson, Renesas, Nokia, NSN and ZTE) were of opinion that it should be minimised and listed as a criterion. 1 company (Huawei) was of opinion that cell identification delay would not be critical as it would not be noticeable in users. There was a comment that the requirement should come from RAN4. From the majority view, the rapporteur proposes to include as a criterion regardless of the WG responsibility as follows:
Criterion 5:
Inter-frequency small cell identification delay should be minimised.

With regards to stay time at a small cell, 4 companies (Ericsson, Renesas, ZTE and Sumitomo) were of opinion that it should be maximised and listed as a criterion. 1 company (Huawei) was of opinion that it would not be critical as it depends on the UE speed. From the majority view, the rapporteur proposes to include as a criterion as follows:
Criterion 6:
Stay time at a small cell should be masimised for increasing offloading opportunities.

With regards to the measurement activation, it was thought that the criterion for UE power consumption (Criterion 1) covers the case. Therefore, the rapporteur proposes not to add an additional criterion for the measurement activation.
2.3. Analysis of existing functionalities
Based on the discussion in sub-clause 2.1 and 2.2, the rapporteur thinks that the proposed scenario (Case A) and criterion (Criteria 1, 2 and 3) could be common consensus among companies joined in this discussion. Therefore, the rapporteur proposes to analyse existing measurement schemes (e.g., [5]) as follows:
Discussion #3:
In the following case, whether existing measurement schemes are sufficient should be analysed based on the following criteria.
Case A:

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.

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-freqeuncy small cell detection by Rel-11 UEs.
Companies are asked to express their views on this aspect.
Table 4
	Company name
	Comment

	Motorola Mobility
	We agree that the focus should be on Case A. We also agree that criteria 1-3 are appropriate. In addition we think criterion 4 (that we have proposed above) is important and essential.

	NTT DOCOMO
	From the simulation results provided by Nokia/NSN (R2-116151/120523), UE power consumption seems considerably large, if UE always have to measure inter-frequency small cells. In Case A, a small cell is likely to be deployed in the area where the macro cell coverage is sufficiently enough.  Even if s-Measure or Event A2 with a higher threshold is applied, most of the time, the UE will perform measurements. Therefore, the existing mechanism seems difficult to fulfill Criterion 1.
In addition, if UE always performs inter-frequency measurements, interruptions caused by measurement gaps, if needed, would deteriorate U-plane throughput significantly. Thus, Criterion 2 seems not to be fulfilled by the existing mechanism.
According to TS 36.133, required measurement period is in proportion to the total number of frequencies being measured. If inter-frequency small cells are measured together with the other frequencies (e.g., macro cell carriers), the measurement period will be increased. The longer measurement period would degrade mobility performance. To avoid this, the eNB has to control measurements so that the inter-frequency measurement for either small cells or other purposes is activated at the same time. With this approach, Criterion 3 could be fulfilled by the existing mechanism. However, whether such the approach will affect the other aspects needs to be studied for further. 

	Ericsson
	We agree with Motorola Mobility. We also think the addition of criterion 4, and the addition of criteria 2f, 2g, and 2h, can be useful as explained earlier.

	Renesas Mobile Europe Ltd.
	We agree with Motorola Mobility and Ericsson regarding the criteria for evaluation. 

	Huawei
	We are fine with Motorola Mobility’s proposal. And we think there would be room to improve the existing inter-frequency cell detection and measurement procedures for Case A according to the agreeable criteria. 

	Samsung
	Agree with Motorola Mobility and Ericsson comments on the criteria for evaluation.

	ZTE
	We agree with Motorola Mobility that criterion 1-4 are appropriate for evaluation.

We also agree with NTT Docomo’s understanding on Criterion 1 and 2.

	Sumitomo

	We also agree with Motorola Mobility.


Rapporteur’s summary:
An additional criterion for mobility performance was proposed by Motorola Mobility. 6 companies (Ericsson, Renesas, Huawei, Samsung, ZTE and Sumitomo) agreed on the proposed criterion. Therefore, the rapporteur proposes to include the proposal as follows.
Criterion 4:
Mobility performance of legacy UEs should not be degraded to improve inter-freqeuncy small cell detection by Rel-11 UEs.
In summary, as for the criteria for inter-frequency small cell measurements, the following is proposed:

Proposal 3:
The following criteria should be considered when evaluating existing functinalities and enhancements for detecting inter-frequency small cells.

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.

Criterion 5:
Inter-frequency small cell identification delay should be minimised.
Criterion 6:
Stay time at a small cell should be maximised for increasing offloading opportunities.
With regards to analysis of existing functionalities, 2 companies (NTT DOCOMO, ZTE) were of opinion that the existing functions cannot fulfil Criterion 1 and 2. Therefore, the rapporteur proposes the following observation.
Observation:
The existing functions cannot fulfil criteria for UE power consumption and interruption on the serving cells (Criterion 1 and 2).

2.4. Potential enhancements
This section attempts to identify potential enhancements to be studied in the Hetnet SI. How the enhancement can meet the criteria discussed in sub-clause 2.2 is also discussed.
Discussion #4:
Companies are asked to add their proposal in Table 5 below. Brief description with reference papers and how the proposal can meet the criteria need to be provided.
Table 5:
Potential enhancements
	#
	Solution 1 (Longer measurement period)

	Description
	Longer measurement period is applied. For instance, defining a new measurement gap pattern [6] or similar measurements defined for deactivated SCell measurements [7, 8]. Another possibility is to have existing normal dedicated measurement with relaxed detection performance for example once per minute (e.g. UE has to take 3 samples per minute).

	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 [6].

	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, in Case A, this would not result in HO failure. This is because the source cell radio quality would be still good, even if the handover initiation is delayed.

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

	Description
	Discovery signal formed by legacy control channels (PSS, SSS, System information) is transmitted on the macro layer at the location of inter-frequency small cell. The UE identifies the discovery signal as a regular intra-frequency cell and report the cell to the serving eNB according to the measurement configuration. The eNB can either immediately trigger a handover to the inter-frequency small cell (if the discovery signal is known to represent the coverage of the inter-frequency small cell) or request the UE to perform inter-frequency measurement.

	Criterion 1
	No periodic inter-frequency measurement for small cell search is needed. Inter-frequency measurement is necessary only at the location of inter-frequency small cells and only if the eNB considers it is necessary.

	Criterion 2
	No periodic inter-frequency measurement for small cell search is needed. Inter-frequency measurement is necessary only at the location of inter-frequency small cells and only if the eNB considers it is necessary.

	Criterion 3
	No periodic inter-frequency measurement for small cell search is needed. Inter-frequency measurement is triggered on demand basis and in timely manner.

	#
	Solution 3 (Relaxed side conditions)

	Description
	Side conditions for measurements, such as SCH_RP, SCH Ês/Iot, RSRP and RSRQ Ês/Iot can be relaxed for small cell measurements.

	Criterion 1
	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.

	Criterion 2
	The solution does not help to minimise interruption on the serving cell(s). 

	Criterion 3
	The solution can only be applied for Case A on condition that mobility is guaranteed by applying the existing measurements. 

	#
	Solution 4 (Mandatory support of measurements without gap assistance)

	Description
	For inter-band CA cases, measurements without gap assistance are mandated for CA capable UE.

	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.

	#
	Solution 5 (Network based small cell proximity detection – based on macro cell listening)

	Description
	Proximity detection for inter-frequency open access small cells (picos and open HeNBs) to be performed by the eNB, and eNB to activate inter-frequency measurement for the concerned UE(s). The details of the proximity detection can be left to eNB implementation, but it can be based on location information or a fingerprint based on the signal levels of neighboring (macro) cells that UEs experience while connected to the small cell, which can be gathered from the measurement reports of UEs that are involved in HO to/from the pico cell.

	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
	We reuse existing measurement framework and values, which means that the mobility performance is not reduced compared with the results achivable in Rel-10.

	
	Solution 6 (UE based proximity indication)

	Description
	Autonomous cell search and proximity indication, which UE already applies to CSG cell detection and measurement, can be extended to hotspot small cell discovery with minimum impact on the specifications.

	Criterion 1
	The power consumption can be minimized, because inter-frequency hotspot small cell detection is triggered only when the small cell becomes reachable.

	Criterion 2
	The interruption on the serving cell can be minimized, because inter-frequency hotspot small cell detection is triggered only when the small cell becomes reachable.

	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.  

	
	Solution 7 (Network based small cell proximity detection – based on pico cell listening)

	Description
	a pico cell can discover that a Macro UE is nearby if uplink signal from the UE is detected. Similar methods are also being discussed to address the issue of UL interference to small cell in RAN3 under the CA_HetNet_ICIC topic. Legacy UE can supported.

	Criterion 1
	The power consumption can be minimized, because inter-frequency hotspot small cell detection is triggered only when the small cell becomes reachable.

	Criterion 2
	The interruption on the serving cell can be minimized, because inter-frequency hotspot small cell detection is triggered only when the small cell becomes reachable.

	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.  

	#
	Solution 8 (Network triggered background scans for Pico cells)

	Description
	In order to indicate the presence of Pico cells in the Macro cell vicinity, the network could indicate the presence of Pico cells through a broadcast bit. The network could also publish the frequencies where the pico cells could be found.

The UE could then start background measurements on these frequencies if it supports these frequencies in DRX. Periodicity could be left to UE implementation. When UE sees Pico cells, it sends a "proximity report" and then the Network configures normal measurements and UE reports normal measurement report. The UE could stop the background search after being handed over into a Pico cell.

	Criterion 1
	Power consumption is minimized 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.

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

	Description
	Fast-moving UE (high and possibly medium mobility state) may suspend inter-frequency measurements that are configured for offloading/load balancing purposes (Case A). [6].

	Criterion 1
	Fast-moving UE suspends inter-frequency measurements, which reduces the power consumption.

	Criterion 2
	The interruption on the serving cell(s) is not increased compared to not employing this enhancement.

	Criterion 3
	Fast-moving UE should in general not connect to small cells in Case A. This is because the UE travels through the cell coverage so quickly that sufficiently long connections cannot be established [6].

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

	Description
	If UE detects a sufficiently strong small cell (stronger than a signal quality threshold configured by the network), it can suspend inter frequency search of other small cells [6]. If the small cell becomes weaker, the UE would resume inter-frequency search of other small cells whereas the search for the frequency of the found small cell would be less frequent.

	Criterion 1
	UE performs less inter-frequency measurements, which reduces the power consumption

	Criterion 2
	The interruption on the serving cell(s) is not increased compared to not employing this enhancement.

	Criterion 3
	Inter-frequency mobility performance should not be degraded if sufficiently high threshold is configured by the network. Also, once UE is served by the small cell, intra-frequency handover measurements will quickly get it to a best available cell.


Rapporteur’s summary:
The following 10 solutions were proposed:
Solution 1:
Longer measurement period

Solution 2:
Small cell discovery signal in macro layer

Solution 3:
Relaxed side condition

Solution 4:
Mandatory support of measurements without gap assistance

Solution 5:
Network based small cell proximity detection – based on macro cell listening

Solution 6:
UE based proximity indication

Solution 7:
Network based small cell proximity detection – based on pico cell listening
Solution 8:
Network triggered background scans for Pico cells
Solution 9:
UE MSE based inter-frequency measurements
Solution 10:
Small cell signal based control of inter-frequency measurements
Solution 5, 6, 7 and 8 are based on proximity detection defined for CSG cells and look similar to each other. Hence, they can be merged into a single solution as “small cell proximity detection” for the time being.  Details (e.g., network (macro or pico) or UE based, the need of broadcast information assistance) can be discussed, once RAN2 agrees to introduce this approach.
According to the self-evaluation in Table 5, Solution 1, 2, 5-8, 9 and 10 can fulfill Criterion 1, 2 and 3. Solution 3 can fulfill Criterion 1. Solution 4 can fulfill Criterion 2. Cross-checking among interested companies is needed for further. Additional criteria (Criterion 4, 5 and 6) should also be taken into account. Therefore, the following is proposed:
Proposal 4:
The following 7 solutions are the potential enhancements and should be studied taking all criteria (Proposal 3) into account. 

Solution 1:
Longer measurement period


Solution 2:
Small cell discovery signal in macro layer


Solution 3:
Relaxed side condition


Solution 4:
Mandatory support of measurements without gap assistance


Solution 5:
Small cell proximity indication (Solution 5-8 in Table 5)

Solution 6:
UE MSE based inter-frequency measurements

Solution 7:
Small cell signal based control of inter-frequency measurements

NOTE:
Solutions are described in Table 5.
3. Summary and proposal
For inter-frequency small cell measurements, use cases, criteria for evaluation, existing functionalities and potential solutions were discussed. As an outcome of this email discussion, the rapporteur proposes as follows:
Use case:

Proposal 1:

For inter-frequency small cell detection, the study should focus on the following use case.

· 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.
Proposal 2:

The need to study the following use case should be discussed at the #77bis meeting.

· UE does inter-frequency measurements for a carrier that is expected to have uniform coverage (e.g. coverage macro layer) for coverage HO/load balancing purposes.
Criteria:

Proposal 3:
The following criteria should be considered when evaluating existing functinalities and enhancements for detecting inter-frequency small cells.

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.

Criterion 5:
Inter-frequency small cell identification delay should be minimised.
Criterion 6:
Stay time at a small cell should be maximised for increasing offloading opportunities.
Analysis of existing functionalities:

Observation:
The existing functions cannot fulfill criteria for UE power consumption and interruption on the serving cells (Criterion 1 and 2).
Potential enhancements:

Proposal 4:
The following 7 solutions are the potential enhancements and should be studied taking all criteria (Proposal 3) into account. 

Solution 1:
Longer measurement period


Solution 2:
Small cell discovery signal in macro layer


Solution 3:
Relaxed side condition


Solution 4:
Mandatory support of measurements without gap assistance


Sotluion 5:
Small cell proximity indication (Solution 5-8 in Table 5)

Solution 6:
UE MSE based inter-frequency measurements

Solution 7:
Small cell signal based control of inter-frequency measurements
NOTE:
Each solution is described in Table 5.
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�Not sure what this is referring to. How can Case 2 be the same as in macro only networks when case 2 involves pico cell also? Or is this saying that in Case 2 and Case 3 the inter-frequency measurement requirement is the same as for inter-frequency measurement in macro only network?
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