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1 Introduction

The objective of this email discussion is to further discuss the solutions for mobility performance improvement in HetNet with the expectation to be able to take decisions on the way forward.  
[83#12][LTE/Het-Net] Evaluate UE based solutions for mobility robustness (ALU). 

-
Should discuss signalling aspects, HO robustness, stability, …

-
Should understand the different solutions, how they perform, what configuration they require, in which scenarios they are applicable.

=>
Intended outcome: Email discussion summary

The focus of the email is on the points as captured by the chair above.  This is also another possibility for proponents who did not provide simulation results last time to do so (companies that already provided results don’t need to so again – unless there is some updated results).  

As last time, we only have 1TU of online meeting time for all of HetNet discussion which I think is should be used for decision on the way forward.  So most, if not all, of the benefits, discussions, and clarifications on the proposals will need to be on this email discussion.  Where necessary, similar to last time, please provide details in an attachments that can be later be submitted to RAN2 for reference.

This is to be interactive email discussion with a final deadline for comments of Thursday, 2013-09-26, 23:59 Pacific Time

2 Discussion

2.1 Discussion of the signalling 
2.1.1 HO parameter Scaling based on source and target cell type 
2.1.1.1 Proposal #18:

	18
	CATT
	Setting TTT and A3 offset value according to the handover types(e.g. M2P, M2M, P2M or P2P) .
	Balance the performance contradiction between the HOF rate and the short ToS rate.
	R2-130961


	Company (making the comment)
	Comments

	Ericsson
	On the signalling aspects, R2-130961 reads:
Marginal signaling overhead impact introduced by transferring the high layer configuration to UE to activate the function of adjusting parameters according to handover types or modify the parameters for handover types.　
We wonder about the details of this higher layer configuration, and have some further questions too.

1. How is the UE supposed to distinguish the target cell types?

2. How much of the claimed gains can be done using legacy techniques, like CRE (Ocs, Ocn offsets for A3)?


	CATT
	The higher layer configuration to activate or deactivate this functionality could be provisioned by dedicated signalling or preconfigured.

It requires some assistance information, such as list indicating the type of neighbour cells, for UE to distinguish the target cell type. Or, if different set of PCI could be allocated to macro cell and pico cell, UE could tell the cell type by its PCI.

For the A3 offset scaling, the gains could be done by setting Ocs and Ocn at some level. But extra signallings may be needed for setting the corresponding A3 offset.

For the TTT scaling, legacy techniques could not set different TTT according to cell type, so the gains could not be done.



	ITRI
	Regarding to the signaling aspect, when is the cell list or the PCI set provided to UE? A broadcast information? During handover?

	Huawei
	The improvement needs UE to distinguish cell types, Macro or Pico. Using PCI to differentiate cell type may need to consider other aspects, e.g. network planning and deployment, since PCI is also used for interference coordination of physical channels.


2.1.2 Scaling based on RSRP gradient

2.1.2.1 Proposal #3:

	3
	Samsung
	Scaling of TTT and Offset based on gradient (change rate of RSRP difference between source and target)
	Expedited triggering of MR upon fast change RSRP difference
	R2-131315, R2-132597, R2-133589


	Company (making the comment)
	Comments

	Ericsson
	The signalling impact of this solution is probably not severe, we expect the network needs to send some parameters like Thresh1 and Thresh2. However, results showing the benefits of this method are lacking. 

	Samsung
	E-UTRAN would indeed configure some filtering and some scaling parameters (thresholds, scaling factors). This only needs to be done initially, as the values should not depend on the cell the UE is connected to. Hence the signalling impact (as well as the configuration effort) is assumed to be minor.
Note that this time we will provide simulation results showing the gains that can be achieved

	ITRI
	Regarding to the signalling aspect, how many measurement results does the solution need? Performance seems affected by “Delta_time”. It may cause different UE behaviour if different “Delta_time” is configured. 

Accurate measurements of RSRP/RSRQ are still concerned. We also think that the values of RSRP/RSRQ in UE may be different between implementations. 

	Huawei
	Besides the specification efforts, this method also increase the efforts on tuning the parameters (ΔT, Thresh1, Thresh2).


2.1.3 Fast HO using RSRP/RSRQ with STO/Ping-Pong avoidance
2.1.3.1 Proposal #7:

	7
	Intel
	Fast HO using RSRP/RSRQ with ST0S/Ping-pong Avoidance: The UE will scale TTT based on RSRP/RSRQ values of the serving cells. In addition, a ping-pong avoidance solution is proposed. In order to avoid UE stay in a cell for too short of the time, TTT will be scale up when UE current time of stay is shorter than a threshold.


	Speed up sending measurement report when the UE channel condition is poor to enhance mobility robustness
	R2-131396, R2-132809, R2-133504 


	Company (making the comment)
	Comments

	Ericsson
	The proposal to scale TTT and A3 offset based on RSRQ parameters mean that suitable threshold values would be needed in the UE, which most likely would be configured by the network. The signalling impact would probably not be severe, but depends on what level of tuning is needed, i.e. does the network need to change the threshold values often?
Regarding robustness we wonder if this solution is robust enough given that it depends on the actual RSRP/RSRQ values in the UE, which may differ between implementations.

	Intel
	We would like to clarify our proposal is based on RSRP offset. RSRQ can be used as well but preferably RSRP. We agree that suitable threshold value is configured by the network at RRC configuration. There is no additional signaling after the RRC configuration setup. Since we are using the offset between the serving cell and the neighboring cell, the threshold does not need to be changed. 
Regarding to robustness of the actual RSRP values, the L3 filter will remove most of the fast fading. In case of small percentage of scenario, the UE will use short TTT instead of long TTT which will not affect HOF. The results show that the RSRP offset improves more on HO performance than depending on UE speeds.  

	ZTE-2
	Firstly, we would like to focus on the performance of HOF only since PP avoidance is a scheme to force UE stay in a cell for 1s, which doesn’t improve UE experience at all. 

The simulation results for A3 offset=2/30km/h from Figure 5.5.4.1.2 in TR 36.839, which is excerpted from R2-122814(Intel), and Figure 1 in R2-132809 are:
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Hence, it’s very difficult to see the gain.

	ITRI
	Accurate measurements of RSRP/RSRQ are still concerned. We also think that the values of RSRP/RSRQ in UE may be different between implementations. 

	Intel
	Thanks ZTE for the comment. We would like to address the tradeoff between HOF and SToS. When a short TTT is used, HOF will reduce. However, SToS will increase. Our fast HO solution provides UEs using short TTT when channel condition is bad and allowing the UE without PP behaviour to fast HO (i.e. use short TTT). From the simulation result, since SToS is reduced, it is a gain when comparing with short TTT HOF performance. Note that HO performance is good when a short TTT is used. 
To ITRI, we agree that there is measurement error in RSRP/RSRQ. Our measurement error modelling follows 36.133. Even under measurement error, if one exceeds the threshold, the worst scenario for the UE is to use a short TTT which allows a good HO performance but increase in PP. 

	I2R
	In this proposal, short TTT is used to provide fast HO. However, we wonder if this can also achieved when UE mobility state is known (i.e. when UE speed is high, short TTT may be used), and does not require much specification change. 



	Intel
	Thanks for the comment again. We think that HO enhancement has a high correlation with the channel condition. We tried to to use ideal MSE (100% accuracy) and use a short TTT for high speed UE. However, there is a bound to how much it can improve. From the simulation result, using channel condition (that is eventually determine if the UE can receive signal) can further improve HO performance and in fact achieve the best performance amount all solutions.

	Huawei
	With this method, much effort is needed on tuning suitable parameters. For the Ping-pong avoidance scheme, we think that evaluation on whether it increases the handover failures is needed.


2.1.4 Early HO command (with UE impact such as providing “backup HO Command”)
2.1.4.1 Proposal #6:

	6
	ZTE
	Early HO preparation.

Making HO preparation early upon A3 event trigger, to save the delay of HO preparation procedure after MR.

In addition to what was proposed in R2-130957, we think HO CMD could be transmitted even earlier, e.g., immediately after HO preparation.
	In order to make HO CMD message early transmitted, to reduce stage 2 HOF rate.
	R2-130957, R2-132375, R2-133147


	Company (making the comment)
	Comments

	Ericsson
	On the signalling aspects, R2-132375 reads that there is increased signalling, but that the cost of this is acceptable.
We think that R2-132375 fails to address the increased signalling in the core network, i.e. the Early handover Request/Response messages. On the solution itself, we think similar performance could be achieved if two measurement triggers were used.

	ZTE
	An updated solution from ZTE and Panasonic is attached to address the concerns from RAN2#83 and Ericsson above.

The updated solution has no extra signalling overhead in the core network (set3) and has only one extra signalling on Uu interface (set 3) compared with normal handover, the whole signalling overhead should be acceptable.

The updated solution also considers to use two measurement configurations, the 1st MR triggers the handover preparation and HO CMD, and the 2nd MR triggers the actual handover.
The simulation results based on the updated solution have shown that the HOF rate can be decreased obviously.

	ETRI
	With the updated solution, we wonder whether target eNB decided by the source eNB based on the 2nd MR is always the same as target eNB selected by the UE.

IMHO, the updated solution is similar to Proposal #14. The config1 is analogous to the “HO Preparation event” and the config2 is analogous to the “HO Execution event”. The 2nd MR is analogous to the “HO IND”. Only difference is that “HO IND” notifies source eNB of selected target eNB by the UE.

	Huawei
	For this solution, we need to evaluate how frequently A3 events trigger in fast fading environment, and also need to evaluate the signalling load impact.

Also, the resources may be wasted at target eNBs, because more resource would be reserved for some UEs which don’t hand over at last.


2.1.4.2 Proposal #14:

	14
	ETRI
	Early handover preparation with Ping-Pong avoidance

Early handover preparation upon handover preparation event (ex. A3 event with smaller offset without TTT).

[identical with R2-130957, ZTE]

Early HO CMD immediately after handover preparation.

Ping-Pong avoidance with “Handover Indication” from UE to source eNB just before actual handover upon handover execution event (ex. A3 event with bigger offset).
	Make HO CMD message early transmitted, to reduce stage 2 HOF rate.

“HO Indication” to reduce Ping-Pong rate.

Multiple HO preparations to help with recovery from RLF.
	R2-132612, R2-133346


	Company (making the comment)
	Comments

	Ericsson
	On the signalling aspects, R2-132612 probably has similar impact as R2-132374 (proposal #6). R2-132612 also fails to address the signalling impact on X2 interface. Furthermore, no simulation results have been presented making it hard to evaluate the gains of this solution.

	ETRI
	On the signalling aspects, this solution does not double the signalling from the UE to the network. It increases X2 signallings but greatly improves overall HO performance at the expense of marginal additional signallings like Proposal #6, as we know.

On the signalling aspects, HO robustness, stability of this solution, please refer attached draft tdoc R2-13xxx1.

Also on the improved recovery from RLF with this solution, please refer attached draft tdoc R2-13xxx2.
We try to provide simulation results in this meeting. We’re very sorry about late simulation results.

	ITRI
	Signalling overhead may be introduced by “Handover Indication” and “Hndover Indication ACK”. Can these two messages be received successfully by source eNB and UE respectively?

	ETRI-2
	Thanks ITRI for the comment. Actually, we prefer MAC signalling to RRC signalling for “HO IND”. “HO IND” is sent by using MAC CE and “HO IND ACK” is sent with PHICH.

	Huawei
	This solution has identical problems with proposal#6, and the X2 signalling load needs to be analyzed.

We also worried whether the uplink “Handover Indication” and its response can be transmitted successfully when T310 is running, even MAC signalling is used.


2.1.5 HO parameter Scaling based on MSE (specific proposal)

2.1.5.1 Proposal #11:

	11
	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	UE based speed dependent scaling of additional HO Parameters with optional UE based MSE enhancements
	HO failure improvement, reduce the overall signalling overhead
	R2-131057, R2-131055, R2-132888


	Company (making the comment)
	Comments

	Ericsson
	We would like to know more about the details of the proposals made in R2-131055. Is the suggestion to broadcast information like cell location and type? 

	ITRI
	Regarding to robustness, does it have different results between UE implementation? (corresponding to R2-131055)

	Huawei
	Which enhanced MSE solution in R2-131055 is preferred?

The signalling is largely increased for indicating the cell location and type from the network to UEs.


2.1.6 Keep high speed UEs out of picos (specific proposal)
2.1.6.1 Proposal #10b:

	10
	NSN, Nokia Corporation
	Rapporteur’s suggestion – focus on this aspect here: Gray-listing (GL) with UE based enhanced MSE (eMSE) is used when UE mobility state is above normal. GL involves a list of conditionally restricted cells for measurement reporting by the UE where the GL cells are signalled to the UE by network. All Ues perform measurements on GL cells but Ues above normal MSE don’t send measurement report for a GL cell unless A5 event is met. 

In eMSE the network signals a specific MSE increment value to be used in connection with the handover. The increment value depends on the cell size and eMSE is needed to provide network deployment independent MSE estimate.
	Improvement in mobility performance by keeping high speed Ues out of pico cells to avoid high pico outbound HO failure rate.
	R2-131420 

R2-131422 
R2-130550, 

R2-132844, R2-133550, R2-133553


	Company (making the comment)
	Comments

	Ericsson
	On grey-listing we look forward to the signalling analysis mentioned in NSN’s reply in R2-132788. To us it seems that the UE avoids sending some measurement reports, and as a consequence, also fewer RRCConnectionReconfiguration messages (i.e. Handover commands) are sent to trigger handovers to the pico cells. But, in order to keep the grey list up to date in the UE as it travels in high speed through the pico cells, the network needs to send RRCConnectionReconfiguration messages. It is not clear to us if the reduction in Handover commands outweighs the increase in RRCConnectionReconfiguration messages needed to keep the list updated.

	Nokia/NSN
	As already mentioned in R2-132788 “The primary focus is on improving mobility performance (pico outbound mobility)” and that signalling reduction aspects are added benefits of the solution #10b. In the attached documents [add two refs] we show an analysis of the signalling gain which we did and also an “example” text proposal showing specification impacts for 36.331. We realize that further improvements to the specification changes and ASN.1 changes are possible and we are open to having further discussions and suggestions on that. This should give an idea of the impact of this solution on standards. Note that the text proposal to 36.331 also shows the specification impacts for solution #10a.

	ZTE-2
	We think preventing fast UE handing over into pico cell is helpful. But wondering if PCI splitting could be used to identify pico cells, is explicit “gray listing” of pico cells needed anymore?

	ITRI
	Regarding to the signalling aspect, the size of the list for UE to maintain is concerned. Would the size of the list be limited by the UE capability? Does the list need to be updated often?


2.1.7 MSE enhancements (potentially applicable for keeping high speed UEs out of pico or scaling)
2.1.7.1 Proposal #4:

	4
	I2R
	Increase the MSE evaluation time and estimate UE mobility in a sliding window fashion with the option of biasing MSE towards high mobility. The sliding window can be implemented on top of other MSE enhancements.   
	Quicker and more accurate MSE to support robust mobility.
	R2-131197, R2-132316


	Company (making the comment)
	Comments

	Ericsson
	It seems that the signalling impact of this solution is the transmission of the second window size. 

	ITRI
	Regarding to robustness, does the solution have different MSE because of different window sizes? Would the window size change according to cell deployments or UE capability?

	I2R
	To Ericsson: the signalling impact of the solution is transmission of the second window size and associated thresholds for MSE decision. 
To ITRI: the MSE performance is different, depending on the window size. The window size can be adapted to other factors such as cell deployment. The proposed enhancement can also be implemented on top of other MSE enhancement such as weighted counting. 


2.1.7.2 Proposal #5:

	5
	LGE
	more accurate MSE in HetNet

In previous meeting #82, it was agreed that the UE shall provide mobility information to the network at RRC connection setup.

As many simulation results show, the existing MSE may cause positively biased result in HetNet, and UE will inform NW of faster mobility state than actual mobility. And as a result, the NW will keep UE in macro cell even though the UE is not too fast to avoid small cell and the UE will experience RLF.

Therefore, enhanced MSE for HetNet environment is needed.
Rapporteur Suggestion: The main proposal can be classified as weighted counting of cells.  Additionally, simplifications such as weighting based on target cell type are also proposed.
	To keep actual fast UEs in macro cell.
	R2-131444


	Company (making the comment)
	Comments

	Ericsson
	The contribution does not provide any exact details as to how the UE should be able to only count macro cells.

	ITRI
	Regarding to the signalling aspect, the size of the list for UE to maintain is concerned. Would the size of the list be limited by the UE capability? Does the list need to be updated often?

	I2R
	The signalling impact may be cell type indication. We wonder if the proposal can be merged with Proposal 10a on weighted counting below. 

	Huawei
	How to minimize signalling to indicate the weighted values needs to be further studied.

	LG
	Our proposal can be merged with Proposal #15 rather than Proposal #10a. Our intension is that the MSE need to be enhanced if UE provides the mobility state to NW at RRC connection setup. So we think the enhancement should support RRC idle mode.


2.1.7.3 Proposal #10a:

	10
	NSN, Nokia Corporation
	Rapporteur’s suggestion (focus on this aspect here): 

In eMSE the network signals a specific MSE increment value to be used in connection with the handover. The increment value depends on the cell size and eMSE is needed to provide network deployment independent MSE estimate.
	Improvement in mobility performance by keeping high speed UEs out of pico cells to avoid high pico outbound HO failure rate.
	R2-131420 

R2-131422 
R2-130550, R2-133553


	Company (making the comment)
	Comments

	Ericsson
	To provide a weighted MSE value at handover would mean the addition of one parameter to the handover command. In general, it is of interest to keep the handover command small due to the deteriorated radio conditions during which the handover command is typically sent. As this MSE weight value is not crucial to the functionality of the UE in the target cell, we wonder what the impact would be to send it shortly after the handover?

	Nokia/NSN
	Please see the specification changes required for solution #10a which is shown as part of the text proposal to 36.331 for solution #10b in the attached document [add ref]. We think the addition of an integer value to the handover command (RRC Connection Reconfiguration message with MobilityControlInfo IE) is not a significant overhead given the flexibility it offers to a) allow one to increment by 1 always (legacy behaviour) b) increment by a fractional amount for HetNet mobility and c) possibility to disable the functionality if the increment value is not included in the handover command.

	Intel
	Thanks NSN for the update signalling contribution. We have some clarification questions. Since the weight is sent via the HO command, we wonder how the UE counts when the UE can’t receive HO command. In addition, how the UE counts in RRC IDLE mode? 

	I2R
	We share the same concern as Intel on weighted counting for UE in RRC IDLE mode.  


2.1.7.4 Proposal #15:

	15
	Fujitsu
	Agree with the concern from LGE. Enhanced UE-based MSE is necessary. 

MSE with deployment type-specific weighting

Only the “umbrella cell” (refer to the cell deployed for coverage, such cell could be macro cell or small cell) has non-zero weighting for MSE and such weighting could be cell specific decided by the cell size or a general one. 
When the source cell and the target cell have the same umbrella cell, the UE doesn’t count this handover. That is: in this case, weighting =0. When the source and the target cell have the different umbrella cells, the UE accumulates the weighting of source cell’s umbrella cell. 

With this method, to make UE aware of whether the source cell and target cell having the same umbrella cell, the network side should inform UE of related information.
	More accurate MSE.
	R2-116307, R2-132635


	Company (making the comment)
	Comments

	Ericsson
	We think this proposal is very similar to Proposal #10a, in that cell-specific MSE weights are transmitted to the UE to impact the MSE calculation. Thus, the signalling impact is probably similar.

	Fujitsu
	The signalling impact of our proposal is different from the Proposal #10a. In our proposal, the cell transmits its umbrella cell information (e.g., the PCI of its umbrella cell) as well as the cell-specific MSE weights to the UE by system information. Compared to use HO command to transmit the cell-specific MSE weights, one advantage of our proposal is that the UE can also get more accurate MSE result in RRC_Idle state. Since it has already been agreed that the UE shall provide mobility information to the NW at RRC connection setup, then the UE could report the enhanced MSE result to the NW.

	ITRI
	Regarding to the signalling aspect, the size of the list for UE to maintain is concerned. Would the size of the list be limited by the UE capability? Does the list need to be updated often?


2.1.7.5 Proposal #8:

	8
	Intel
	Mobility State Estimation using differential RSRP: This new MSE algorithm that takes into account of UE trajectory using RSRP measurement of the cells.  The UE sums the difference of the max and min RSRP values of each cell within T-eval window. The network configures 2 thresholds to determine UE mobility states. 


	Better MSE estimation of UE mobility states

	R2-131399, R2-132810, R2-133505, R2-133508



	Company (making the comment)
	Comments

	Ericsson
	The impact on RSRP measurements from various UE implementations makes it hard for the network to correctly configure the two values alpha and beta. It seems alpha and beta are the only two values the network needs to signal.

	Intel
	The signaling will be similar to current MSE. The network will configure the sum RSRP threshold for different mobility states instead of cell count.  

	ITRI
	Regarding to robustness, does UE need to record the values of RSRP all the time for knowing the max and the min values? Performance may be varied due to the frequency of measurements. Power consumption is also concerned. Is T-eval window different for different cell deployments?

	Intel
	To ITRI, thanks for the comment. The UE will need to measure RSRP value anyway, there is no additional measurement required. Therefore, there is no extra power consumption at the UE side. T-eval is configured by the network. It is the same as Rel-8 mechanism.  


2.1.8 Performance improvement during DRX
2.1.8.1 Proposal #16:

	16
	Nokia Corporation, NSN
	UE performs additional intra-frequency measurements after inbound handover to small cell. When the UE is handed over to a small cell the UE will perform measurements with minimum interval (e.g. 80ms DRX corresponding requirements) for a given time limited period. Solution will ensure that UE have accurate measurements to timely triggering of small cell outbound handover for all UEs including fast moving ones. As the measurements are only performed for a limited period of time the UE power consumption impact is insignificant. This is a generic solution for all UEs under all conditions independently from DRX, UE velocity and deployment.
	Target is to achieve robust mobility (Reduced HOF rate, RLF rate and ping-pong) and UE power savings opportunity with easy NW management (no need to analyze UE speeds). The solution is improving pico outbound mobility.
	R2-131247

R2-121619

R2-121163

R2-121164

R2-131901, 
R2-132842, R2-133306


	Company (making the comment)
	Comments

	Ericsson
	We wonder a bit more on the signalling of this. Is this supposed to be default behaviour at all handovers?

	Nokia/NSN
	The signalling impact of the solution would be rather limited. The network configures the UE to perform measurements with minimum measurement interval for a minimum limited time period. This time period could also be configurable (and potentially optional) with some default value in case the time period is optional and not given. The configuration would be included in the existing handover command (RRC connection reconfiguration message) when UE is handed over to the small cell and there would not be a need for any additional RRC signalling. I.e. the solution would not increase the signalling load compared to what we have today in connection with handover. On the other hand the solution will reduce the signalling when comparing it to having the network controlling similar behaviour – i.e. the network would configure the UE with two DRX configurations: one at HO and another after the given time period. As can be seen from our simulations the small cell outbound HO robustness is improved without any drawbacks on UE and network side. An example text proposal for 36.331 is also shown in the attached document [add ref].


3 Summary and recommendations
Companies provided further details of proposals such as signalling aspects and with an opportunity for other companies to discuss the proposal further.   The company comments and supporting documents are listed above.
A suggested list of decisions to be made, summarised from the email discussions, are given below:

A) Decision on solution directions for UE based HO performance improvement:

A.1)  
HO parameter Scaling based on target cell type

A.2)  
Solutions based on radio channel conditions
A.3)  
Early HO command 
A.4)  
MSE enhancements (all flavours)
(Details of MSE based solutions, signalling optimisations etc. to be discussed later depending on above decision)
Independent of above:

D)  DRX:
D.1) mobility performance improvement for DRX by increased measurements?
