3GPP TSG RAN WG2 Meeting #83
R2-132811
Barcelona, Spain, 19th – 23rd August 2013
Agenda item:

7.1.1
Source:
Intel Corporation
Title:
Way forward on Hetnet Mobility Enhancement 
Document for:

Discussion and Decision
1      Introduction
During RAN2 email discussion [82#16], there were 18 proposals discussed. In phase 1, companies have agreed to use Set 3 in the calibration phase as a baseline to compare simulation results. In phase 2, companies are requested to provide brief proposals with the agreed simulation results. In this contribution, we have summarized the arguments and concerns raised by companies for each proposal and suggest a way forward.

2      Discussion
Network based MSE vs UE based MSE

During RAN2 email discussion [82#16], the following MSE enhancement proposals are provided. (Results column indicates if the company provides results to compare with the agreed baseline , i.e., Set 3 in calibration phase).
	#
	Results
	MSE Accuracy
	Company
	Description
	Arguments Summary

	2
	Not provided
	Not provided
	Ericsson
	Network Based MSE
	· Network based solution cannot resolve MSE when the UE is in idle state

· UE based MSE has optimal signalling and hence better HO performance
· Delay is introduced from network based MSE may cause HO performance degradation

	4

	Not provided
	Not provided
	I2R
	Dynamic changing the evaluation time based on the UE current mobility state
	· Sliding window is already supported in the current specification

· Bias the mobility state to high mobility state = inaccurate mobility estimation. This may affect other speed based enhancements 

· How the network adjusts the threshold based on pico deployment density? How do different deployments affect the MSE performance?

· The observation window changes based on the UE current mobility state. This feedback loop can introduce instability of the MSE. For example, if the UE is in high mobility state, a long window size is used. Longer window size results higher accuracy. When the UE is in low mobility state, a shorter window size is used. Shorter window size is less accurate. Now assume the UE is high mobility and classify as low mobility. This leads to more inaccurate estimation and there is no way for the algorithm to become more accurate because a short window size is used.
· The proposal can be replaced by setting the UE to high mobility state at all time 

	5
	Not provided
	Not provided
	LGE
	Count only macro cell
	· It is less accurate than Rel-8 MSE for homogenous network if it does not count HO: M2P and P2M. If it counts only macro connection, it will be as good as Rel-8 MSE in Hetnet
· Delay is introduced when pico cells are within macro coverage

· Wonder what is the performance enhancement

	8
	Similar HOF with Set3 and 83% improvements in SToS
	75% avg accuracy

	Intel
	Weighted based on (Max-min) RSRP so we can take into UE trajectory into account
	· What is the solution complexity?
· Due to shadowing (channel condition sudden changes), how the algorithm maintain its accuracy

· How many measurements does this algorithm need?

	10a
	Combined eMSE+gray list:

HOF slightly improved in 4 pico but increase in 10 pico. SToS slightly improved for both 4 and 10 pico case
	70% avg accuracy over 2, 4 and 10 pico 
	Nokia
	Weighted MSE
	· When pico cells are deployed under the coverage of one macro cell (not overlapping with 2 macro cells) counting the M2P HO and P2M HO and the P2P will positively bias the MSE results
· The example shows this MSE fails to determine the 2 UEs. UE1 passing macro only and UE2 passing many pico cells within 2 macro coverage area. UE1 results much higher counts than UE2 when both UEs are in same mobility state 







· What is the accuracy for macro only deployment?

	15
	Not provided
	Not provided
	Fujitsu               
	Count only coverage cells with cell specific weight
	· Would like to see more detail and simulation result in this solution

· Nine different handover scenarios are listed in the contribution. We are not sure how the UE should do to differentiate between them
· We are curious about what the definition of umbrella cell is. Is it the cell deployed for coverage purpose, irrespective of the cell type?


From the proposed enhanced MSE, it seems like we can combine them in the following categories

· Network based MSE [proposal #2]

· Adjust window size based on the UE current mobility state [proposal #4]

· Weighted MSE based on HO cell type [proposal #5, 10a, 15]

· By setting handover P2M and M2M to 1 and M2P and P2P to 0 can achieve proposal #5

· Similar setting can be applied to achieve proposal #15 

· Weighted MSE based on Max-Min RSRP in a cell [proposal #8]

Among these proposals, only two solutions provided simulation results for comparison with the agreed baseline. There are many questions and concerns for each proposal. In order to make progress, we suggest not to further consider solutions that do not provide simulation results comparing with the agreed baseline and suggested stage 3 modifications in the specification by the October meeting. 

Proposal 1: Solutions that do not provide simulation results comparing with the agreed baseline and suggested stage 3 modifications in the specification by the October RAN2 meeting, should not be considered further.
Network based MSE may have higher accuracy, but we should improve the UE based MSE anyway because the UE needs to perform UE based MSE in RRC_IDLE. During RAN2#82, it was agreed that “the UE shall provide mobility information to the network at RRC connection setup”. The network can provide the network based MSE to the UE periodically and the UE based MSE can use this information to achieve better mobility state estimation. 

Proposal 2: The network can provide the network based MSE to the UE periodically and the UE based MSE can use this information to achieve better mobility state estimation.
Do we need accuracy in MSE or it is sufficient to only enhance HO performance? 

One of the questions regarding MSE is that whether we want an enhanced MSE accuracy in terms of determining mobility state, or we only concern about HO enhancement. In RAN2#82, it was agreed that “the UE shall provide mobility information to the network at RRC connection setup”. Since there may be other features that rely on MSE for other purposes, the new enhanced MSE should be more accurate than the Rel-8 MSE. 

Proposal 3: The enhanced MSE in Rel-12 should be more accurate than the Rel-8 MSE regardless of HO enhancement. 
Other methods to enhance HO performance

	#
	Results
	Company
	Description
	Arguments Summary

	0
	Not provided
	Samsung
	Setting TTT based on source cell type
	· This already can be implemented in the current specification

· We don’t think scaling of TTT based simply on source cell type provides sufficient performance improvement for example when there are different target types and different UE speeds.  Furthermore, it results in increase in signalling at HO and reconfiguration.

	3
	Not provided
	Samsung
	Scale TTT and offset based on RSRP gradient
	· What is the accuracy of the proposal?

· How many measurements are needed and how frequent does the UE need to measure? 

· It seems complex

· How does the measurement error and L3 filter influence the performance of the solution

· When the signal suddenly gets bad due to shadowing, how does it perform?

· What is the performance gain?

· How often the UE should perform this calculation?

	6
	HOF improves from 3.62% to 0,78% in 1 pico per macro case. HOF improves from 5.53% to 1.02% in 4 pico per macro case
	ZTE
	Send HO command early upon A3 event trigger then measurement report at TTT expired  
	· Can this mechanism be replaced by two measurement configurations?

· Does the NW have to buffered HO command?

· What happen when the UE never sends the measurement report?

· What is the extra signalling overhead?

· False HO is a big problem. 12% seems high

· What is the SToS performance?

· Can this combine with speed dependent method?

	7
	Average of 50% reduction in HOF and 80% improvement in SToS
	Intel
	Fast HO using RSRP with SToS/PP avoidance
	· Can this proposal replaced with multiple Reportconfig?

· What is the accuracy of the proposal?

· How many measurements are needed and how frequent does the UE need to measure? 

· How does the measurement error and L3 filter influence the performance of the solution

· When the signal suddenly gets bad due to shadowing, how does it perform?

	9
	Not provided
	Huawei
	Target cell stops transmit when the source cell sends the HO command to the UE
	· It seems like the proposal is very similar to current eICIC/ABS. How different this scheme from eICIC/ABS?

· Does this proposal introduce new coordination mechanism?

· Why HO command failure is higher for 120km/h than 30km/h UE?

· Will this mechanism requires target cell to reduce power in the entire subframe? 

	10b
	Combined eMSE+gray list:

HOF slightly improved in 4 pico but increase in 10 pico. SToS slightly improved for both 4 and 10 pico case
	Nokia
	The network configures a Gray list to the UE. The UE can skip sending measurement report if the graylist cell RSRQ is under some threshold
	· One key difference between the UE based and NW based implementation is the signalling overhead. There is disagreement in other contribution that the UE based may not have optimal signalling overhead. How to evaluate the signalling overhead?

· The escape scheme is used considering the strong small cell interference to the fast moving UE. However, now that the P2M HO failure rate is high for the fast moving UE, wouldn’t it be better to also keep such a fast moving UE in the macro cell while mitigating the small cell interference to such UE. E.g. by using ABS

· Will this affect the MSE estimation when the UE is passing pico cell and not report/not HO to the pico cell?

· Is the benefit of the proposal to skip measurement report on a pico cell for high mobility UE?

· As the UE moves in the network (with potentially high speed) the grey list needs to be kept up to date. We wonder if the signalling reduction of the measurement report compensates the signalling needed to reconfigure the grey list as the UE moves in the network

	11
	41% HOF improvements with 33% increases in SToS
	ALU
	Scaling TTT/A3offset/K based on the UE speed
	· What is the HO performance gain to scale each parameter separately?

· It seems like HOF tradeoff with SToS

	12
	HOF improvement from 20% to 16% with no increase in SToS
	ALU
	Prevent high speed UE from using pico. Use a long T310 to prevent RLF
	· UE may suffer from the service interruption when passing through the small cell, using ABS may be better

· Longer T310 may cause the UE to wait longer to perform RLF recovery when a low speed UE classify as high speed UE

	13
	Not provided
	ALU
	More frequent measurement during DRX
	· It may lead to potential problem

· This solution may give more reliable measurement during DRX but may not enhance HO performance

· More measurement may cause more power consumption in DRX cycle 

	14
	Not provided
	ETRI
	Early HO preparation (same as #6) and to avoid pingpong, the UE decide HO optimal time and select target eNB based on measurement
	· Can this mechanism be replaced by two measurement configurations?

· Does the NW have to buffered HO command?

· What happen when the UE never sends the measurement report?

· What is the extra signalling overhead?

· False HO is a big problem. 12% seems high

· What is the SToS performance?

· Can this combine with speed dependent method?

· HO procedure changes too significantly compare to existing procedure

· Concern to have the UE select the optimal time and target eNB for HO

· Impact of other features due to this change

	16
	please refer to the paper (related to diff DRX values)
	Nokia
	Addition measurement after inbound HO to small cell
	· Believe existing releases can configure the UE with a new measurement configuration as part of the HO process

· It is simpler for the UE to apply directly more measurements for a period after HO rather than the network have to reconfigure ever device once at HO and then after a period if the UE is still in small cell 

	18
	HOF improves from 8.7% to 5.8% with increases in ToS from 22% to 27%
	CATT
	Setting TTT and A3offset based on HO cell types
	· It is unclear it is proposed to set TTT/A3offset based on cell type or HO cell type.
· Setting TTT/A3offset based on cell type can be implemented in the current specification


12 proposals were provided in non-MSE based HO enhancement. Similarly, proposal 1 applies here, where company should provide HO performance results comparing to the agreed baseline. We suggest not to further consider solutions that do not provide simulation results comparing with the agreed baseline and suggested stage 3 modifications in the specification by the October RAN2 meeting
Performance comparsion among solutions where performance results were provided

Table below summarizes the performance results provided by companies for their proposals in comparision with the agreed baseline. The table only includes proposal that improves HO performance in Hetnet mobility in general. No DRX or others proposals are listed below because it is very difficult to compare with other solutions. We can look at specific proposal independently. The results represent the improvements or tradeoffs in percentage comparing with the agreed baseline (Set 3 in the calibration phase). In the HOF and SToS columns, “+” indicates improvement in performance and “-” indicates performance degradation. The number is the average over all deployments for 30km/h (agreed in the email discussion). 
	Proposal #
	HOF
	SToS
	Addition signalling overhead

	6: Send HO command early
	+80%
	No provided
	The UE sends feedback at A3event trigger and measurement report at TTT expired. 

	7: Fast HO using RSRP with PP Avoidance
	+50%
	+80%
	None

	8: MSE based on Max-Min RSRP
	+0
	+83%
	Keep the difference (Max-Min) RSRP at current cell at the UE

	10: eMSE+gray list
	-15%
	+23%
	The network has to signal weight based on the cell size for eMSE. The network has to signal gray list to each UE. 

	11: Scaling TTT/A3offset/K based on UE speed
	+41%
	-33%
	None

	12: Prevent high speed UE from using pico and longer T310
	+20%
	-16%
	None

	18: Setting TTT and A3offset based on HO cell type
	+8.7%
	-5.8%
	None


From the above table, proposal 11, 12 and 18 provides a good HOF improvement with increases in SToS. These solutions also do not required addition signalling overhead. Proposal 8 and 10 enhance the MSE algorithm. Both results show no improvement in HOF but better SToS. Both solutions require UE to calculate some weighted cell count. However, Proposal 10 has additional signalling overhead for sending the weight of each cell to the UE and the gray list. Proposal 8 on the other hand does not have additional signalling overhead. Proposal 7 shows gain in both HOF and SToS and no additional signalling overhead. Proposal 6 shows the best improvement in HOF but double the signalling from the UE to the network.

Proposal 4: Among all the proposals listed in the above table, proposal 7 has the overall best HO performance. We kindly request RAN2 to consider proposal 7 for HO enhancement in Hetnet. 
Proposal 5: Proposal 8 and 10 are the only proposals to enhance MSE. We kindly request RAN2 to further study and constraint the MSE enhancement solution direction to these 2 solutions if there is no other proposed solution.
3      Conclusion
We have summarized companies’ arguments for each proposal during the email discussion. We proposal the following proposals for the way forward:
Proposal 1: Solutions that do not provide simulation results comparing with the agreed baseline and suggested stage 3 modifications in the specification by the October RAN2 meeting, should not be considered further.
Proposal 2: The network can provide the network based MSE to the UE periodically and the UE based MSE can use this information to achieve better mobility state estimation.

Proposal 3: The enhanced MSE in Rel-12 should be more accurate than the Rel-8 MSE regardless of HO enhancement. 
Proposal 4: Among all the proposals listed in the above table, proposal 7 has the overall best HO performance. We kindly request RAN2 to consider proposal 7 for HO enhancement in Hetnet. 

Proposal 5: Proposal 8 and 10 are the only proposals to enhance MSE. We kindly request RAN2 to further study and constraint the MSE enhancement solution direction to these 2 solutions if there is no other proposed solution.
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