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1
Introduction
This e-mail discussion is intended to discuss the mobility state estimation (MSE) enhancements: Whether enhancements are seen needed, which are the issues most requiring enhancements and which enhancements are seen feasible to address the identified issues. The discussion is based on the contributions in RAN2#77, the list of which is produced in Chapter 2 for convenience. The questions handled during this e-mail discussion are as follows:
1) Clarifying whether enhancements to current MSE procedures are seen necessary due to Hetnet environments, and why.

2) Clarifying whether there are issues not handled by the current MSE procedures.

3) Addressing solutions to any issues identified based on the above questions.
The outcome of the discussion is expected to be whether there is consensus on any of the above.

2
Summary of Contributions to Mobility State Enhancement AI for Hetnet SI in RAN2#77

None of the papers in RAN2#77 agenda item 7.10.4 (Hetnet SI: Mobility state estimation performance) were treated during the meeting. As a summary, this section shows the submitted papers (based on [1]) 

R2-120652
On UE-speed-based methods for improving the mobility performance in HetNets; Alcatel-Lucent, Alcatel-Lucent Shanghai Bell; Disc; REL-11; 

R2-120096
Further evaluation on enhancements of mobility state estimation in HetNet; Huawei, HiSilicon; Disc; REL-11; 

R2-120350
Improvements to Mobility State Estimation in Hetnet; Renesas Mobile Europe Ltd.; Disc; REL-11; 

R2-120524
UE MSE and HetNet Mobility; Nokia Siemens Networks, Nokia Corporation; Disc; REL-11; 

R2-120222
TTT configuration for HetNet mobility; MediaTek; Disc; REL-11; 

R2-120505
Mobility State Estimation Enhancements; Samsung; Disc; REL-11; 

R2-120509
Pico to Macro Failure Improvements; Samsung; Disc; REL-11; 

R2-120656
Consideration on counting only macro cell changes; Pantech; Disc; REL-11; 

R2-120657
Selective counting in HetNet MSE; Pantech; Disc; REL-11; 

R2-120736
Discussion on the scenario for UE mobility state estimation; Fujitsu; Disc; REL-11; 

R2-120711
UE speed estimation in HETNET; Samsung; Disc; REL-11;
The chairman’s summary of the proposals in these contributions was as follows:

MSE enhancement options for HetNets

a) Count only macro cells for MSE?

b) Indicate in HO command which cells (not) to count for MSE?

c) Weigh different cell types differently in the counting for MSE?

d) Count only cells deployed for coverage (no hot-spots within coverage of another cell)?

Other improvement options

1) Apply different TTT/Threshold parameters for different cell types?

2) Count also handovers on other RATs?

3) UE provides MSE state upon IDLE=>CONNECTED Transition?

4) Scale the hysteresis parameter in measurement reporting criteria with MSE state?

5) eNB makes HO decision dependent on UE’s speed?

6) eNB adjusts HO parameters according to UE’s speed?
7) UE adjusts HO parameters according to UE’s speed?

8) Apply ABS at the pico cell to protect high-speed Ues on intra-frequency macro layer?

3
Discussion 
Based on the contributions, the rapporteur proposes that the discussion is split into three parts.
This section considers MSE improvements mainly related to the Hetnet deployments. The chapter is divided into three parts: First, considering enhancements to the counting process of the MSE. Second, considering enhancements to what UE does in each mobility state. Third, enhancements with regards to information exchange between UE and eNB relating to mobility state estimation.
3.1. Enhancements to the way cells are counted in the MSE procedure
To the rapporteur, based on the contributions submitted to RAN2#77, the most common proposal for enhancing MSE seems to be modifying the way UE does the counting used for determining the UE mobility state. According to minutes of RAN2#77, the following options have been listed in the company contributions for modifying the counting used for determining the current UE mobility state:
a) Count only macro cells for MSE?

b) Indicate in HO command which cells (not) to count for MSE?

c) Weigh different cell types differently in the counting for MSE?

d) Count only cells deployed for coverage (no hot-spots within coverage of another cell)?

2) Count also handovers on other RATs?

To the rapporteur, it appears that these proposals can be simplified into the following options:

The rules for which handovers/cell reselection are counted towards mobility state estimation procedure could be changed by doing one or both of the following:
Option I. Selectively count or do not count certain reselections/handovers
Option II. Count reselections/handovers to cells according to cell-specific weights
However, the first question is whether either of these proposals is seen needed or not, so companies are requested to indicate their opinions on the following questions:

Question 1. Is the option I) needed? (Yes/No + Why)
Question 2. Is the option II) needed? (Yes/No + Why)
The companies are requested provide both a simple Yes/No – answers and state their reasoning for the answers in Table 1 below.
Table 1. Company views on questions 1 and 2 in section 3.1
	Company
	Question 1
	Question 2

	Nokia/Nokia Siemens
	No. In our opinion Option I is a special case of the Option II. The option II includes also the case with weights equal to 0 and 1, which is the option I.
	Yes. It was well demonstrated through papers to RAN2 prior to RAN2#77 that categorization of UE in to one of three mobility states by MSE is inaccurate and unstable when Hetnet deployment is considered. Our paper to RAN2#77 also explained the stability issues with MSE. When the MSE counting is not based on mobility to cells of similar size then each count of handover or cell reselection need to be adjusted (scaled) based on the size of the cells invovled in the handover or cell reselection. It seems counter-intuitive to not consider small cells in the MSE counting (and treat as if there are no small cells for MSE purpose) after introducing small cells in the network. Using small cells also in the MSE counting is good because with small cells the probability of mobility events increases and this gives more samples for MSE counting that will help MSE do a better job of providing a more accurate estimate of the mobility state.

	Potevio
	Maybe.

Mobility State Estimation is used to improve reselection/handover performance through scaling mobility related parameters. 

Actually, MSE aims at obtaining UE cell reselection/handover activities rather than exact UE speed, i.e. mobility state is not always proportional to speed. Keeping this principle in mind, some enhanced schemes trying to mimic a homogenous-network by selectively counting certain reselection/handover deserve further discussion. So we think option I) is not necessarily needed.

Furthermore, we agree with Nokia/NSN that Option I) is a special case of Option II). Option II) is equivalent to option I) when the cell-specific weights are set to “0” (not count) and “1” (count). If it is agreed that MSE enhancement is needed, we can take Option II) as baseline and then discuss whether option I) is acceptable with further simulation.
	Yes.

Option II) is needed. Option II) outperforms option I) under some specific scenarios, e.g. picos are deployed not only to provide coverage but also to improve capacity. 



	Samsung
	The release 8 MSE procedure is simply based on counting number of handovers/cell re-selection within a certain time period. It does not take into account the cell size and the density of cells. The MSE procedure works fine for macro only network where the macro cell size is more or less uniform. However in hetnet deployment we have seen from several contributions from various companies that the release 8 MSE may not work properly. With the release 8 MSE there is increase in the handover count resulting in increased medium or high state and the related scaling of TTT would result in increase in ping-pong rates or short TOS rates. Hence we feel there is need to enhance the MSE in hetnet.

Further, for any enhancement of MSE (either Option I or Option II), the basic assumption is that UE should be able to distinguish between cells which are selectively counted or not counted.

	
	We prefer Option I since it is very simple. Option I relates to solutions a) or d). We also think the spec impact is very low for Option I.
	We are also OK with Option II which relates to solution c). We also agree with NNSN that Option II converges to Option I by appropriate weight configuration. However, we foresee a larger spec impact if we have to signal cell specific weights. So we would prefer simulation results to show the performance of Option I and Option II for different hetnet deployment scenarios (pico density, UE speed etc). Based on performance improvement offered and associated cost RAN2 can choose either of the options 

	MediaTek
	
	Yes. Agree with NNSN that speed scaling predictability would be better and more independent of the particular cell layout if all cells can be taken into account. We think the unpredictability in HetNet with the current counting is the main problem that makes it difficult to plan, determine parameters and use it.

	Huawei
	In our understanding, Option 1 only includes approach b).

No. It is too early to exclude the potential enhancement of MSE for idle mode.
	As approaches a), c), and d) all count reselection/handovers based on the type of the involved cells, while approach b) determines the counting on cell by cell basis (i.e., really cell specific), we think Option 2 should be “according to cell type related weights”, which covers approaches a), c), and d).

Yes, it provides the most flexibility and support both connected and idle mode operations.

	New Postcom
	We have some concerns on the feasibility of option I, because in our opinion, UE does not have enough knowledge of the network deployment, thus it can hardly make the decision which cell should be counted or not. In the case of per-cell indication is required from network, the overhead is same as option II, thus eliminates the advantage.


	Yes. As Nokia/NSN pointed out, Option II in principle covers Option I, and has sufficient flexibility to cover various deployment scenarios.

	Alcatel-Lucent
	In general, we would like not to limit the scope of the discussion on “count” or “not count” HOs in HetNet.  We would suggest to modify the question to “selectively MSE is only based on macro-macro HO count or also based on mobility information with pico”. Then our answer is Yes. 

Our view is in many scenarios if possible we should make used of the additional pico information to improve MSE (but not necessarily just counting the pico HO which could be just one of the options). If pico density is too low to be used MSE should only be based on the macro HO count. 

This “selective” mechanism should be part of the complete solution related to question 2.


	No. We don’t feel that macro-macro HO counts should be mixed with pico HO counts. Since in the real deployment, picos are not uniformly deployed. It is very hard to determine a correct weight for the pico HO counts. Therefore, it is difficult to reduce the estimation error. In addition, using a small weight on the pico counts will take long time for pico count to have an impact. It defeats the purpose of making use of the pico information to reduce the estimation delay. We could not see the gain by using the weighting method from both perspectives of improving the estimation accuracy and reducing estimation delay.

Our view would be: MSE based on the pico information should be performed separately from the legacy macro HO counting approach. A good pico MSE method (not limited to HO count) should be selected for better accuracy, low estimation delay and low complexity. The “selective” mechanism should be there to determine when to use pico based MSE or only legacy macro HO-count based MSE.

We believe at this stage, there are still lack enough simulation results to back a decision on any particular scheme. 

	ZTE
	Yes.

We prefer counting Macro cell related HO only for MSE. MSE counts the number of HO/reselections, but not real movement speed of UE. Then it depends a lot on the cell density. Previous paper from ZTE shows that network with different density of Pico leads to different mobility state even UE is moving at speed of same velocity.

Therefore, considering macro cell is uniformly deployed, we propose to count only macro cells for MSE.
	No.

From network planning point of view, it’s very difficult to configure the weight value. We might achieve the best configuration in simulation, but it would be a big challenge for real network.

	Ericsson
	No. We agree with other companies that this is covered by option 2, and that it seems counter-intuitive not to consider handovers to small cells in a hetnet deployment.
	Maybe. The results presented so far have shown some gains after careful parameter tuning for a specific scenario, However, we lack a more results showing how the scaling performs in different scenarios.

We also note that even if gains can be achievable in a simulated hexagonal grid, setting the scaling factors in a real system with irregular cell forms can be difficult. Macro cells can have narrow sections in e.g. street canyons where different scaling factors should ideally be used than in the rest of the cell.

We also agree with Samsung that the signaling impact of option II must be considered and studied further.

	CATT
	We agree with Samsung that Option I is very simple, and the spec impact is very low. Therefore, we also prefer Option I.

	Maybe. We agree that Option II converges to Option I by appropriate weight configuration. However, we would prefer simulation results to show the performance of Option I and Option II for different hetnet deployment scenarios, and then decide which one to be adopted.

	ITRI
	No, Option I is a special case of Option II.
	Yes, Option II is more flexible. We think Option II is needed and able to realize Option I by setting weighting factor as 0 for those “do not count cells”.

	Intel
	There are ambiguities on how to interpret Option II. If Option II considers the types of cell pairs in handover, then Option I is a special case of Option II. The main issue is whether there is incremental performance gain of Option II (may consider realistic network scenarios) over Option I. The specification impact should be also considered, but this might be a stage 3 issue.
	

	LG Electronics
	Yes. Option I includes solution a) and d). Solution a) may supply the same accuracy as current MSE in Macro only network to UE in Hetnet and solution d) may provide more accurate estimation of mobility state.

In our understanding, Option I is sufficient and if we want to want to achieve more accurate MSE, the necessary should be verified by proper evaluation first.


	No. Option II outperforms option I only if small cells are uniformly distributed like macro cells. However small cells may be deployed irregularly. So if we needs more accurate estimate of mobility state by option2, additional information, e.g. the distance between the small cells or the density of small cells, should be required to UEs and it reads to increased complexity.

Besides, in our understanding, MSE enhancement is introduced to solve the problems that occurred when the current MSE procedure applies HetNet environments not for accuracy improvement of current MSE procedure.

Therefore, prior to deciding this, it should be discussed whether more accurate MSE result is needed in HetNet environments than the existing MSE in Macro only network.

	I2R
	Our main concern with option I is how UE can determine the cell type. It seems that additional signalling is still needed to indicate the cell type, similar to option II.  
	Maybe. Option II is more flexible and covers option I. We agree with Ericsson that the impact of signalling to indicate cell weight requires further study. Besides, simulation result is needed to compare the performance of option I and option II against the baseline, which is normal counting regardless of cell type (equivalent to assigning equal weights to macro and pico cells).

	NTT DOCOMO
	No.

For idle mode, How the UE learns about the cells which should be counted or not needs to be considered. If it needs to broadcast, overhead increase is a concern. Option I would require a sort of Neighbor Cell List management regarding the cells to be counted or not. It would also increase operational effort. 

For conncted mode, the solution, e.g., b) might be simpler. However, We agree with Ericsson that NW can estimate the UE speed by the existing mechanism. 
	No. 

Operational effort would be increased to optimise the weight value on a cell-by-cell basis. The benefit of introducing the flexible value seems questionable. A unified parameter setting for each mobility scenario as assumed for the simulation in R2-120524 can be considered in the real deployment. However, it is similar to Option I. Furthermore, from the simulation result, even if Option II is applied, about 40% of the case, UE speed is estimated as normal or high rather than medium. In the real deployment, the percentage would be larger than the simulation result, since the cell shape is not ideal as the simulation assumption.

	Pantech
	Yes. Option I is related solution a) and d). Counting only macro cell is probably quite sufficient as macro cells are uniformly deployed and d) may improve the accuracy to some extent. Another aspect of Option I is that spec impact is low.
	No. We don’t feel that macro-macro HO counts should be mixed with pico HO counts as Alcatel-Lucent pointed out.

	Hitachi
	We prefer to have Option I treated as the special case of Option II.
	Yes. We prefer to make it possible to optimize weight value even though it is difficult to decide,

	ASUSTeK
	Maybe. We think the spec impact of option 1 is lower but some additional signaling may still be needed. Option 1 would be more attractive if the final solution is simple.
	No. We agree with ZTE that it may be difficult to set the weight value, and it induces extra complexity.

	Renesas Mobile Europe Ltd.
	Yes.

Option I) would cover proposals a, b, d and 2 above, hence we see it as the most flexible choice.

Since the network is more aware of the cell layout, it would best know whether the UE should count the reselections or handovers. We also assume UE would count all cells by default, and the not counting would be an exception rather than a rule.

Additionally, we think all reselections and handovers (i.e. to/from/within any RAT) could be counted towards the MSE, to allow UE to utilize the history mobility information. Especially if we consider Hetnet as being not just within LTE but within different RATs, this could be important.
	No.

Assigning weights to the cells would require signalling weights from all the cells, which seems more complex than the other solution.

Assigning weights would also complicate the counting process: Instead of integers, UE would have to count in real numbers, with ensuing issues with rounding numbers etc. While this would not really be significantly more complex to implement in practice, it would make the whole process much harder to control.

	Fujitsu
	We think that option 1 and option 2 are not contrary but can be colligated. As we have explained in our paper R2-120736 the network deployment impacts dramatically the accuracy of the MSE counting. For scenario with small cells deployed in the scope of a macro cell, the UE may move across the macro cell and experience handovers related to those small cells, then it is reasonable not to count such small cell handovers and count only the umbrella macro cell. However, if the small cell is deployed without a upper layer macro cell, the impact of small cell change on the MSE accuracy should be taken into account and thus make the size of the cells involved.


In case companies have other proposals concerning the counting of the reselections/handovers or in case no enhancements seen necessary for this part, the companies are requested to provide comments in Table 2 below.
Table 2. Additional comments for section 3.1

	Company
	Comments

	NNSN
	How is c) different from proposal item a)?

It seems all porposals (a) through (e) are basically some form of selective counting. So the division to option 1 and 2 is not perfect generalization in our opinion.

	Huawei
	As approaches a), c), and d) all count reselection/handovers based on the type of the involved cells, while approach b) determines the counting on cell by cell basis (i.e., really cell specific), we think Option 2 should be “Option II.
Count reselections/handovers to cells according to cell type related weights”, which covers approaches a), c), and d). This would also help later on, when the need of UE to detect cell type is discussed – Option I does not need UE to distinguish small cell from macro cell, while Option II assume UE knows cell type for counting purpose.

	Alcatel-Lucent
	For MSE in HetNet, we should not just limit our scope to only HO counting.

	Ericsson
	In general, speed estimation can be performed in the UE and on the network side. From a RAN2 specification point of view, the interesting question is whether improved speed estimation is needed in the UE? Based on the input so far, it seems the proposed improvements for UE based estimation are quite diverse, so it may be difficult to agree on a unified solution and standardised behavior of the UE.

An alternative or complement to UE based parameter scaling is network based parameter scaling through RRC reconfiguration based on network based speed estimation. As this is possible with the current standard toolbox, we believe this should be the reference case to compare with, rather than the case of no scaling at all. We also note that network based speed estimation has better potential for improvements, as it does not require signaling of network and deployment properties to the UEs. Furthermore, it does not require changes in standardized behavior in the UE, but can be left for network implementation.

	I2R
	MSE for idle mode UE based on cell reselection should also be enhanced, as UE may be in idle mode most of the time, and MSE is done based on counting of cell reselections. Idle mode MSE affects UE handover performance when UE switches to connected mode. How to indicate cell type/weight to UE in idle mode needs further study.

	NTT DOCOMO
	For connected mode, We agree with Ericsson that NW can estimate the UE speed by reusing the existing mechanism. For instance, UE history information defined in S1/X2-AP can be used. For idle mode, as commented the above, there is still probatility (about 40%) that the UE speed cannot be estimated correctly. The gain and complexity should be studied carefully. Nevertheless, if enhancements are felt as needed by WG, use of doppler frequency in conjunction with the existing MSE can be considered. It is a straightforward way to estimate the UE speed regardless of the deployment scenario. 


Rapporteur’s summary: The division of opinions to questions 1-2 is shown on below table I. Companies supporting have been listed as “Y”, companies against as “N”, companies with uncertain position as “M” and other choices are listed as “U” (e.g. unclear position, requesting clearer question, etc.)

.

Table I: Company opinions on Q1-Q2

	Company
	Q1
	Q2

	Nokia
	N
	Y

	NSN
	N
	Y

	Potevio
	M
	Y

	Samsung
	Y
	M

	MediaTek
	U
	Y

	Huawei
	N
	Y

	New Postcom
	M
	Y

	Alcatel-Lucent
	Y
	N

	ZTE
	Y
	N

	Ericsson
	N
	M

	CATT
	Y
	M

	ITRI
	N
	Y

	Intel
	U
	U

	LG Electronics
	Y
	N

	I2R
	N
	M

	NTT Docomo
	N
	N

	Pantech
	Y
	N

	Hitachi
	N
	Y

	ASUSTeK
	M
	N

	Renesas Mobile Europe Ltd.
	Y
	N

	Fujitsu
	M
	M

	Response received from 21 companies

	Totals
	7Y, 4M, 8N, 2U
	8Y, 5M, 7N, 1U


As a summary of the discussion, the rapporteur notes the following:
· Most companies see some need for either Q1 or Q2, but clarifications would be needed for either option.
· Very small majority opposing Q1
· Very small majority supporting Q2

· Several companies expressed views that Q1 is just a special case of Q2
· Q1 is seen as the simpler option but more restrictive

· Some concerns raised that determining weights for Q2 may be complex for network.

· No clear simulation evaluation has been made for Q1, whereas Q2 has had some evaluations.

· Some comments were made that idle mode enhancements should not be excluded.
Based on these, the rapporteur proposes the following:

Proposal 1a: RAN2 should decide whether any enhancements are needed for counting procedure in either idle or connected mode MSE, or in both modes.
Proposal 1b: If enhancements are seen needed, RAN2 should evaluate the performance of selective counting and cell weight-based mechanisms.
3.2. Enhancements to actions taken in each UE mobility state
The discussion in this section concerns what the UE does in each mobility state: Whether and which mobility parameters are scaled according to the MSE state, and which other actions may be taken. According to minutes of RAN2#77, the following options have been listed in the company contributions for modifying the actions done in each UE mobility state:
1) Apply different TTT/Threshold parameters for different cell types?

4) Scale the hysteresis parameter in measurement reporting criteria with MSE state?

7) UE adjusts HO parameters according to UE’s speed?
8) Apply ABS at the pico cell to protect high-speed Ues on intra-frequency macro layer?

Since the above proposals do not seem have very much in common, but the rapporteur proposes to consider the following questions in the discussion:
Question 3. Does UE apply different measurement/reporting parameters based on the type of the cell it is camping in RRC_IDLE/served by in RRC_CONNECTED?

Question 4. In RRC_CONNECTED, does the UE mobility state affect anything else apart from the TTT value for events?

Question 5. Should the UE’s mobility state or estimated speed affect the behaviour of existing procedures? (e.g. UE utilizing different parameters or events based on the UE mobility)
The companies requested to provide their opinions based on the above questions 3-5 in Table 3 below.
Table 3. Company views on questions 3 – 5 in section 3.2.
	Company
	Question 3
	Question 4
	Question 5

	Nokia/Nokia Siemens
	Yes. The UE could scale the TTT and cell individual offset that control the UE measurement reporting that is used by network to control mobility. This would  allow the network to ensure that high mobility state UEs are making fast handovers out of small cells. However, the best option is to steer high mobility users away from small cells, and push low mobility state UEs to small cells.
	Yes, it is possible but we need to evaluate each proposal on a case by case basis.
	This question is too generic and vague. Please clarify what specific procedure and affect in what way?

	Potevio
	Yes.

Different from mobility state dependant scaling of measurement related parameters, which utilizes UE’s history mobility information, the method applying different measurement/reporting related parameters (i.e. TTT/Threshold/Hysteresis) based on cell type utilizes current handover type (MM, MP, PM, PP) information to adjust handover parameters. 

Our understanding is that cell-specific TTT/Threshold/Hysteresis method is independent of mobility state dependant scaling method. Cell-specific TTT/Threshold/hysteresis method can be used simutaneously with mobility state dependant scaling method to further improve mobility performance in HetNet.
	Maybe.

Simulation results from many companies have shown that TTT enhancement is a good solution to improve HO performance. Intuitively, TTT enhancement can speed up HO process and offset enhancement can help initiating HO process earlier. We think further simulation results are needed to make sure whether additional offset enhancement can remarkably decrease HOF on the basis of TTT enhancement.
	We are not very clear about Question 5. In the same section 3.2 we have already discussed utilizing different paramaeters (TTT or Threshold) based on the UE mobility. Would you please clarify what is the meaning of utilizing different events based on the UE mobility?

	Samsung
	Based on the motivation for enhancement of MSE presented in Table 1, we expect the enhanced MSE with either Option I or Option II helps to reduce the ping pong rates and short TOS rates. The radio link failures and handover failure problems in hetnet need to be handled with some other mechanism. In our understanding questions 3-5 try to address these problems to some extent.

	
	We assume this relates to cell specific measurement/reporting parameters while evaluating the handover event. In our understanding by doing so there is no impact of spec
	If the cell specific measurement/reporting parameters is configured, then the UE mobility state shall not affect anything else apart from the TTT value in RRC_Connected. This means the legacy behavior is maintained.

We need to further see simulations results where mobility state is affecting any offset or hysteresis to ensure whether it is beneficial or leading to some other problems
	Is the intention of Q5 to specify modification to the behaviour of existing procedure during and after handover event evaluation (That too based on MSE)? If yes, then we prefer no modification.

	MediaTek
	Yes, we think this would be natural, also different parameters could be used depending on target cell type. However different parameters sets need to be applied conservatively and carefully to not cause unwanted effects such as ping-pong. No spec impact.
	If mobility state estimation could be made a bit more predictable in a hetnet environment, perhaps other scalings could be considered.
	We have a general concern that it may be difficult to use very sophisticated actions based on current mobility state, as the cell counting itself even if enhanced, is not a very accurate mechanism, and there is a risk that UE behavior and resulting system performance would be perceived stocastic rather than deterministic.

	Huawei
	We support NSN, and also think the cell type of target cell should be taken into account.

Yes, measurement and reporting parameters can be adjusted to suit the type of the serving/camping and target cells, so that a balance can be striken between HOF and PP rates in HetNet deployments.
	It can be considered later with proper evaluation.
	It is hard for us to comment due to the lack of specifics in this question. We are open to applying enhanced MSE to improve mobilty performance, as long as the proper evaluation has been done.

	New Postcom
	Yes, the measurement/ reporting parameters can be adjusted. However, our preference is that, we should not require the UE to have the specific knowledge of the cell type. 

Moreover, just based on the cell type the UE may not be able to apply the suitable parameters. For example, different CRE bias values of pico cell may lead to different measurement/reporting parameters that should be used.
	Yes, it is possible. Further investigation is definitely required.
	Perhaps we didn’t get the point, but if the intention is to minimize the specification impact and maximize the backward compatibility, we can agree that the modification should be minimal.

	Alcatel-Lucent
	The camping/serving cell type could be one factor. In fact it is more likely depending on the HO scenarios (i.e. macro to pico (m-p), p-m, p-p, m-m). It could also depends on the region.  (HetNet region vs macro only region).  Different parameters maybe set differently – per cell, per scenario or per reagion.
	Our simulation results indicated that the UE mobility states could affect other parameter value such as HO offset, L3 filter K, DRX etc.
	The existing procedures are designed for macro only system. Our simulation results and also other companies results indicated that it is possible to enhance the existing mobility procedures. For example, it is the common understanding that if possible we should prevent high speed UEs HO to the pico cells. 

	ZTE
	Yes.

UE could apply different measurement/reporting parmaters, e.g. TTT/offset, based on the type of the cell type it is camping on or connecting to. Moreover, the target cell type may also impact those parameters, as proposed by previous contributions pointing out HO region depends on serving and target cells.

In real network, we should balance the complexity and benefit.


	Theoretically, all parameters like Ax offset, Hysterisis, TTT, L3 filter k could be impacted. 
	We prefer a little bit with Yes.

But as people pointed out, the questions are not clear enough to make decesions now.

	Ericsson
	Yes. We agree with New Postcom that UE shall not need to know cell type. Still, network can configure different handover parameters to UEs in pico cells and macro cells. No standard changes needed. However, considering also the target cell type increases complexity and needs further motivation.
	Maybe. Further evaluation is needed to conclude on this.
	Clarification of the question is needed.

	CATT
	Yes. We agree with New Postcom and Ericsson that UE shall not need to know cell type. The eNB can configure different parameters for different cells, and we prefer not to introduce specification modification.
	Maybe. We need to further see simulations results where mobility state is affecting any offset or hysteresis to ensure whether it is beneficial or leading to some other problems
	Clarification of the question is needed.

	ITRI
	Yes. The measurement/reporting parameters can be provided by the eNB based on its cell type. So we think there is no specification impact.
	We are open in this issue.
	Yes. We agree with ALU. We also prefer high-speed UE can stay on macro-cell and avoid entering a small-coverage pico-cell.

	Intel
	Yes. We agree with ALU and ZTE that both source and target cell types need to be considered. 
	This can be considered with further evaluation.
	The question is too generic and clarification is needed.

	LG Electronics
	No. 
Simulation results shows that applying different measurement/reporting related parameters such as TTT/threshold/hysteresis based on handover type (i.e. source-target cell type) improve mobility performance in Hetnet environment. And initial value of these measurement/reporting related parameters are configured by serving cell(source cell) of UE, so there is no need for UE to adjust these parameters depending on the source cell type. We think target cell type should be considered as scaling factor when UE adjust measurement/reporting related parameters.
	It could be considered but we think there is no need to do as of now.
	

	I2R
	Yes. The parameters should be cell-type dependent. We agree with New Postcom and Ericsson that cell type shall be transparent to the UE to minimize specification changes. 
	Could be. Further simulation is needed. 
	Maybe. If MSE is accurate, it can be used to improve mobility performance. 

	NTT DOCOMO
	For connected mode, different parameter settings can be applied for the HO from the macro cell and the HO from the pico cell. Thus, the current mechanism seems sufficient for at least the low speed scenario. For idle mode, the gain and complexity should be studied as commented in 3.1.
	It could be considered. However the benefit should also be clarified. 
	If we understand the question correctly, whether the UE can utilise different parameters based on the UE mobility is dependent on the accuracy of the UE speed estimation. If the accuracy needs to be improved regardless of the deployment scenario, use of doppler frequency can be an alternative as commented in 3.1.

	Pantech
	
	
	Yes. Our understanding is that the UE mobility state information is useful to improve the mobility, especially for high speed UEs.

	Hitachi
	We share the same view of New Postcom, Ericsson and CATT that cell type dependent parameters could be provided by the network.
	Maybe.

Further evaluation is required.
	Clarification of the question is needed.

	ASUSTeK
	Yes. We think this is beneficial.
	We think this can be considered later.
	Maybe. We should look into more detail with some evaluation.

	Renesas Mobile Europe Ltd.
	Yes.

The cell individual offsets already allow for different HO margins for different individual cells
	Yes.

Similarly as in idle mode, the MSE state could affect the threshold values for Ax-events
	Maybe.

Depending on how the discussion on inter-frequency measuremens for Hetnet goes, it might be useful to scale those measurements based on UE MSE state

	Fujitsu
	Yes.
We agree with Ericsson the network can configure different handover parameters according to the cell type/size without notifying the cell type/size to UEs.
	Yes.
We understand that other parameters e.g. A3-offset, besides TTT, can also speedup or slow the handover, and then impact the mobility performance.
	We couldn’t get the point of question 5.


If the companies have any additional comments or proposals related to this topic (i.e. actions taken based on UE mobility state) or in case no enhancements seen necessary for this part, the companies are requested to provide their comments in Table 4 below. 
Table 4. Additional comments for section 3.2
	Company
	Comments

	Nokia/Nokia Siemens
	We propose to rephrase Question 3 to also take in to account the type of target cell. Question 3 should read “Does UE apply different measurement/reporting parameters based on the type of the source cell it is camping in RRC_IDLE/served by in RRC_CONNECTED and the type of the target cell
?”

	Potevio
	We agree with Nokia/NSN that we should also take into account target cell type for any cell-type based enhancement schemes.

	Samsung 
	As mentioned in Table 3, Q3-5 addresses the solution space w.r.t serving cell. We also prefer a question as suggested by NNSN.

	Huawei
	We also think the cell type of target cell should be taken into account in Q3.

	ZTE
	We also agree with NNSN that target cell type should be taken into account in Q3.

	Ericsson
	An alternative to UE based parameter scaling is network based parameter scaling through RRC reconfiguration based on network based speed estimation. As this is possible with the current standard toolbox, we believe this should be the reference case to compare with, rather than the case of no scaling at all.


Rapporteur’s summary: The division of opinions to questions 3-5 is shown on below table I. Companies supporting have been listed as “Y”, companies against as “N”, companies with uncertain position as “M” and other choices are listed as “U” (e.g. unclear position, requesting clearer question, etc.)

.

Table I: Company opinions on Q3-Q5

	Company
	Q3
	Q4
	Q5

	Nokia
	Y
	Y
	U

	NSN
	Y
	Y
	U

	Potevio
	Y
	M
	U

	Samsung
	M
	M
	M

	MediaTek
	Y
	M
	U

	Huawei
	Y
	M
	U

	New Postcom
	Y
	Y
	U

	Alcatel-Lucent
	M
	Y
	Y

	ZTE
	U
	U
	U

	Ericsson
	Y
	M
	U

	CATT
	Y
	M
	U

	ITRI
	Y
	M
	Y

	Intel
	Y
	M
	U

	LG Electronics
	N
	N
	U

	I2R
	Y
	M
	M

	NTT Docomo
	Y
	N
	M

	Pantech
	U
	U
	Y

	Hitachi
	Y
	M
	U

	ASUSTeK
	Y
	M
	M

	Renesas Mobile Europe Ltd.
	Y
	Y
	M

	Fujitsu
	Y
	Y
	U

	Response received from 21 companies

	Totals
	17Y, 1M, 1N, 2U
	5Y, 11M, 2N, 2U
	3Y, 4M, 14U


As a summary of the discussion, the rapporteur notes the following:

· Clear majority of companies are agreeing on Q3. 

· Clear majority have doubts about Q4, think it is not important to study now or would require further evaluations to show the need.
· Clear majority feel Q5 is too unclear or unspecific. Hence, the rapporteur thinks this question should not be used as such for any decisions based on e-mail discussion without further clarifications.
· Several companies commented that Q3 should also consider the target cell type, i.e. the UE could apply different measurement/reporting parameters based on both the target and the source cell type. Some companies commented this can already be done now because source cell determines the parameters anyway.
· Network based scaling was mentioned as an alternative approach to UE-based scaling.
· No clear consensus on whether UE should know the cell type of evaluated cells.
Based on these, the rapporteur proposes the following:
Proposal 2a: RAN2 should evaluate how the UE behaviour could be improved based on the cell type of both the UE serving cell and the target measured cell.

Proposal 2b: RAN2 should discuss whether the UE knows the cell type of the target cell for MSE.

3.3. Enhancements to information exchange between UE and eNB regarding the UE mobility state
The enhancements in this section all concern the information a UE provides to eNB (or vice versa) regarding its MSE state or (estimated) speed: What information is provided and how does the UE determine such information?  According to minutes of RAN2#77, the following options have been suggested in the company contributions for providing information from UE to the eNB:
3) UE provides MSE state upon IDLE=>CONNECTED Transition?
5) eNB makes HO decision dependent on UE’s speed?

6) eNB adjusts HO parameters according to UE’s speed?
Based on these, the rapporteur proposes the following questions as the basis of the discussion:

Question 6. Should the UE provide its MSE state to eNB during state transition from RRC_IDLE to RRC_CONNECTED?

Question 7. Should the UE provide its MSE state to eNB upon request?

Question 8. Should it be possible for eNB to provide different RRC reporting events for each mobility state?
The companies requested to provide their opinions based on the above questions 6-8 in Table 5 below.
Table 5. Company views to questions 6 – 8 in section 3.3.
	Company
	Question 6
	Question 7
	Question 8

	NNSN
	We think this is not needed since, on the network side the estimation is even better due to the exploitation of the UE history information.
	We think this is not needed since, on the network side the estimation is even better due to the exploitation of the UE history information.
	This question is not clear at all. Please clarify the question.

	Potevio
	Yes.

It will take t-Evaluation (30s, 60s, 120s, 180s, 240s) for eNB to get accurate UE mobility state. Before t-Evaluation time, UE can make more accurate mobility state than NW by taking idle mobility into account.

UE need to provide NW with mobility state information only after it initially goes into RRC_CONNECTED, so overhead is not a big problem.
	Maybe.

UE can provide NW with mobility state information immediately after it goes into RRC_CONNECTED. However, if it is recognized that NW should better control UE mobility state reporting, we can introduce NW requested mobility state reporting.
	No.
The overhead will be a big problem if we purely rely on NW to provide different parameters for each mobility state.

	Samsung
	We think this also depends on the discussions going on for inter-frequency small cell detection. In cases where UE speed is high it would be beneficial not to trigger inter-frequency measurements for pico avoidance while keeping the UE on macro layer.

	
	
	
	

	MediaTek
	Maybe. In case more sophisticated actions are to be taken, e.g. deciding between intra- or inter-layer mobilty, it is preferable to let the network do this. We note that the network do not have the UE history information at Idle -> connected transition, which could be a frequent event e.g. for background or IM traffic and for connection failure recovery.
	Maybe.
	See response to Q4. We guess that the question is “Should it be possible for eNB to provide different RRC reporting configurations for each mobility state?“

	Huawei
	We don’t think this is needed. MSE to be specified is mostly for UE to adjust measurement and reporting parameters.
	We don’t think this is needed. MSE to be specified is mostly for UE to adjust measurement and reporting parameters.
	So far, we haven’t seen results indicating this is needed.

	New Postcom
	The MSE state may be useful when the UE history info is not available at network, such as idle to connected transition.
	
	It could be, but somewhat depends on the answer of Q4. If more parameters should be scaled according to the MSE state, the increased overhead may not be ignorable. 



	Alcatel-Lucent
	Yes. The UE should report the information upon the request or during the state transition.
	See. 6.
	Maybe or maybe not. We need to have more simulation results to show the need of doing this.

	ZTE
	Not sure yet. 
Generally, we feel it is too early to make decision on such detailed stage 3 signaling procedures.
	Maybe.
Generally, we feel it is too early to make decisons on such detailed stage 3 signaling procedures.
	For now we don’t see the need.

We would like to do more analysis on this question.

	Ericsson
	Maybe. This could improve speed estimation at network side when the UE moves from idle to active transition.
	No. This is probably not needed, since once the UE is connected, network has good means of making speed estimation itself.
	Clarification of the question is needed.

	CATT
	We don’t think this is needed. MSE is mainly used by UE.
	We don’t think this is needed. MSE is mainly used by UE.
	Clarification of the question is needed.

	ITRI
	Yes, we think UE should provide its MSE when state transition from RRC_IDLE to RRC_CONNECTED
	No. We think eNB can maintain the MSE state for RRC_CONNECTED UEs.
	Yes. eNB can maintain the MSE state for RRC_CONNECTED UEs, so it is possible to provide different RRM reporting parameters based on UE’s mobility state.

	Intel
	Maybe. We agree with ZTE that it is too early to agree on this issue, and it should be noted that it might be difficult to evaluate the gains for such UE reporting. 
	See Question 6.
	More evaluation is needed.

	LG Electronics
	Maybe. It could be considered but we think there is no need to do as of now.
	No, if eNB needs to be provided MSE information from UE, it is better that UE provide its MSE state to eNB upon connection request (solution in Q6) than this solution because it is simpler and faster. The mobility state of UE is not changed while the UE is connected to a cell. So if UE provides its mobility state to eNB once when the UE requests connection, there is no need to notify mobile state again.
	

	I2R
	Maybe. Such information could be useful to the network to make handover decisions. 
	Maybe. Such information could be useful to the network to make handover decisions. 
	We are not sure yet. 

	NTT DOCOMO
	It may be useful. However, justifying the gain from the existing mechanism would be appreciated.
	Use cases in which different reporting events for each mobility state needs to be clarified. 

	Pantech
	Yes. The MSE state information can be useful at eNB.
	Yes. The MSE state information can be useful at eNB.
	

	Hitachi
	Yes. This could be useful for network to adjust the related parameters.
	See.6
	As of now, we don’t see the need, but we prefer to analyze this more.

	ASUSTeK
	Yes. We think this is useful for eNB to estimate UE speed more accurately.
	No. We think it is sufficient to indicate MSE state information at state transition, and eNB can maintain the MSE state based on it.
	We think this may need more evaluation.

	Renesas Mobile Europe Ltd.
	Yes.

This would allow the eNB to be aware of the UE mobility state at the beginning of the connection, which would be useful for estimating e.g. whether it would be good to offload UE to a hotspot layer from coverage layer or vice versa.
	Yes.

Providing the MSE state along with some other reports could better enable eNB to make decisions based on UE speed
	No.

Normal measurement reporting configuration changes can be applied.

	Fujitsu
	Maybe.
This report can help the network to get the information of the UE speed since the network has no more such information when the UE turns from idle to connected mode.
	No.
Combining the UE MSE report after the state transition in Q6 with the information on eNB(e.g. UE history information), the eNB can get knowledge of the UE mobility state.
	We understand question 8 the same as Media Tek that “reporting events” refers to “reporting parameter configuration”. If it is right, we are “Yes” with Q8, see our comments for Q4


If the companies have any additional comments or proposals related to this topic (i.e. information UE provides to eNB or eNB provides to the UE) or in case no enhancements seen necessary for this part, the companies are requested to provide their comments in Table 6 below.

Table 6. Additional comments for section 3.3
	Company
	Comments

	Nokia/Nokia Siemens
	Questions 6 and 7 seems to be redundant.

In our opinion signalling enhancements in section 3.3 can be discussed after we make a conclusion on the first two sections because the most critical step to complete first is to decide whether to have MSE enhancement or not.

	Samsung
	This is not related to issues in 3.3 but in general for the problems arising in Hetnet environments. We propose alternative solution that is based on radio measures alone e.g. a solution based on the pace at which the radio signals change i.e. the gradient as proposed in R2-120432.

	Huawei
	Focus should be first on enhancing MSE for UE to better adjust measurement and reporting parameters, as this applies to both idle and connected modes. The overhead and benefits can be studied later for approaches based on reporting MSE to NW and let NW adjust measurement and reporting parameters.

	Renesas Mobile Europe Ltd.
	UE may be able to provide a speed estimate in case GPS is used (the IE horizontalVelocity), but this seems a rather marginal use case. Otherwise, the usefulness of speed (Doppler) estimation in UE has been considered in e.g. R4-071987 during Rel’8.

	Rapporteur
	Q7 was accidentally also included in Q6, and was removed in the first reply sent to the reflector. However, the version distributed to reflector after first reply no longer included the modification, so it is possible many companies did not spot it.




Rapporteur’s summary: The division of opinions to questions 6-8 is shown on below table I. Companies supporting have been listed as “Y”, companies against as “N”, companies with uncertain position as “M” and other choices are listed as “U” (e.g. unclear position, requesting clearer question, etc.)

.

Table I: Company opinions on Q6-Q8

	Company
	Q6
	Q7
	Q8

	Nokia
	N
	N
	U

	NSN
	N
	N
	U

	Potevio
	Y
	M
	N

	Samsung
	U
	U
	U

	MediaTek
	M
	M
	M

	Huawei
	N
	N
	N

	New Postcom
	M
	U
	M

	Alcatel-Lucent
	Y
	Y
	U

	ZTE
	U
	M
	N

	Ericsson
	M
	N
	U

	CATT
	N
	N
	U

	ITRI
	Y
	N
	Y

	Intel
	M
	M
	U

	LG Electronics
	M
	N
	U

	I2R
	M
	M
	U

	NTT Docomo
	M
	M
	U

	Pantech
	Y
	Y
	U

	Hitachi
	Y
	Y
	U

	ASUSTeK
	Y
	N
	U

	Renesas Mobile Europe Ltd.
	Y
	Y
	N

	Fujitsu
	M
	N
	Y

	Response received from 21 companies

	Totals
	7Y, 8M, 4N, 2U
	4Y, 6M, 9N, 2U
	2Y, 2M, 4N, 13U


As a summary of the discussion, the rapporteur notes the following:

· Very small majority of participating companies are supporting Q6, but no clear consensus was reached (although the majority of the companies are not directly opposing Q6)
· Small majority of participating companies not supporting Q7, but no clear consensus was reached (although the majority of the companies are not directly supporting Q7)

· Q8 was seen by many companies too unclear at the moment, clear majority feel the question is too unclear or unspecific
· It was commented that the questions Q6-Q8 might be better evaluated after there is some agreement on both Q1-Q5 and the e-mail discussion [77#31] on inter-frequency small cell detection.
· An alternative proposal for MSE was raised by one company having a company contribution to this meeting.
Based on these, the rapporteur proposes the following:
Proposal 3a: RAN2 should consider the outcome of [77#31] when discussing the need for signaling UE mobility state (or UE estimated speed) to network.

Proposal 3b: RAN2 should evaluate the benefits of UE providing information about its estimated speed or speed state to the network.

Proposal 3c: If Proposal 3a is seen needed, RAN2 should discuss if there is a need to provide MSE information to network when UE changes from RRC_IDLE to RRC_CONNECTED.

4
Conclusion
As a summary of the discussion, the rapporteur notes the following:

· Most companies see some need for either Q1 or Q2, but clarifications would be needed for either option.
· Very small majority opposing Q1

· Very small majority supporting Q2

· Several companies expressed views that Q1 is just a special case of Q2
· Q1 is seen as the simpler option but more restrictive

· Some concerns raised that determining weights for Q2 may be complex for network.

· No clear simulation evaluation has been made for Q1, whereas Q2 has had some evaluations.

· Some comments were made that idle mode enhancements should not be excluded.

· Clear majority of companies are agreeing on Q3. 

· Clear majority have doubts about Q4, think it is not important to study now or would require further evaluations to show the need.
· Clear majority feel Q5 is too unclear or unspecific. Hence, the rapporteur thinks this question should not be used as such for any decisions based on e-mail discussion without further clarifications.
· Several companies commented that Q3 should also consider the target cell type, i.e. the UE could apply different measurement/reporting parameters based on both the target and the source cell type. Some companies commented this can already be done now because source cell determines the parameters anyway.
· Network based scaling was mentioned as an alternative approach to UE-based scaling.

· No clear consensus on whether UE should know the cell type of evaluated cells.
· Very small majority of participating companies are supporting Q6, but no clear consensus was reached (although the majority of the companies are not directly opposing Q6)

· Small majority of participating companies not supporting Q7, but no clear consensus was reached (although the majority of the companies are not directly supporting Q7)

· Q8 was seen by many companies too unclear at the moment, clear majority feel the question is too unclear or unspecific

· It was commented that the questions Q6-Q8 might be better evaluated after there is some agreement on both Q1-Q5 and the e-mail discussion [77#31] on inter-frequency small cell detection.

· An alternative proposal for MSE was raised by one company having a company contribution to this meeting.
Based on these, the rapporteur proposes the following as the outcome of this discussion and to be considered when further discussion is done:
Proposal 1a: RAN2 should decide whether any enhancements are needed for counting procedure in either idle or connected mode MSE, or in both modes.
Proposal 1b: If enhancements are seen needed, RAN2 should evaluate the performance of selective counting and cell weight-based mechanisms.
Proposal 2a: RAN2 should evaluate how the UE behaviour could be improved based on the cell type of both the UE serving cell and the target measured cell.

Proposal 2b: RAN2 should discuss whether the UE knows the cell type of the target cell for MSE.

Proposal 3a: RAN2 should consider the outcome of [77#31] when discussing the need for signaling UE mobility state (or UE estimated speed) to network.

Proposal 3b: RAN2 should evaluate the benefits of UE providing information about its estimated speed or speed state to the network.

Proposal 3c: If Proposal 3a is seen needed, RAN2 should discuss if there is a need to provide MSE information to network when UE changes from RRC_IDLE to RRC_CONNECTED.
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