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Discussion and Decision
1      Introduction
It has been approved that one of the objective is to “improve overall HO performance with regard HO failure rate and Ping-pong in HetNet environments” in RAN plenary #58. It has also been agreed in the RAN2 email discussion [82#16] that companies will use set 3 in the calibration phase as the way forward baseline to compare different solutions. In this contribution, we propose HO enhancement to scale TTT by using RSRP/RSRQ to improve HO performance and use Short Time of Stay/Ping-pong (SToS/PP) avoidance to reduce ping-pong rate. We also address the concerns raised by other companies regarding the fact that different load may affect the performance of the proposed scheme. We have implemented the proposed scheme under full buffer and half load scenario and compared them with set 3. Our results show that the proposed solution achieves 53% improvement in HO performance as well as more than 80% reduction in SToS rate. 
Large scale system level simulation is conducted for evaluation. Simulation assumptions are aligned with those captured in TR 36.839 [2] and are listed in Annex A.
In addition, in this contribution we also provide some answers to address the questions/concerns raised during RAN2 email discussion [82#16].
2      Discussion
In TS 36.331 section 5.5.4.4, UE enters event A3 happens when a neighbor cell becomes offset better than PCell. If the condition remains true for a given period of time, indicated in time to trigger (TTT), the UE sends the measurement report to serving eNB and hence HO to target cell is triggered by the network, and a command is sent to the UE. 
Studies have shown that the majority of the HOF happens due to the failure of HO command delivery. The reason is that the signal reception from the serving cell degrades while the interference from target cell increases as the UE approaches the target cell. To avoid this, we need to HO early enough such that the HO command can be successfully sent to the UE from the serving cell. 
In this contribution, we investigate in Section 2.1 a simple solution to improve HO performance by scaling TTT when the UE observes the serving cell RSRP/RSRQ below a threshold. When the serving cell signal is good, the UE can set the TTT longer to avoid ping-pong effects. When the serving cell signal is poor, the UE should shorten the TTT in order to send the measurement report so that the UE can receive the HO command as soon as the HO preparation is completed. Most of the solutions proposed to improve the handover performance present a tradeoff between HOF and SToS. In order to reduce the handover failure, handovers are triggered earlier, and sometimes prematurely, increasing the percentage of UEs observing a short time of stay in the cell. We introduce in Section 2.2 a ping-pong avoidance mechanism where we show that it can reduce HOF by average 50% and at the same time reduce Short ToS by 80%. This provides a good handover experience for the UE and achieves a stable performance with the reduction of ping-pong. 
Scaling TTT based on RSRP/RSRQ
In this section, we investigate a RSRQ or RSRP based TTT scaling solution to improve HO performance. A3offset and TTT values are scaled according to different RSRQ thresholds such that when the serving cell’s signal is good, the handover decision can be delayed to reduce short ToS. Similarly, when serving cell’s RSRQ is weak, a fast handover is required to avoid HOF. Below are our simulation parameters with A3offset = 2dB:

	RSRQ threshold
	RSRQ >= -7dB
	-12dB<=RSRQ<-7dB
	RSRQ<-12dB

	TTT
	400ms
	200ms
	20ms


SToS/Ping-pong Avoidance
A further enhancement to avoid SToS/Ping-pong is used to give the best HO enhancement with large reduction of SToS performance. When the target cell RSRP is greater than the serving cell RSRP by a threshold (in this case, we use 4dB), a short TTT is used (20ms). We conducted studies to see what the probability of HOF is in different thresholds. It occurs that 4dB is a good value to have a fast HO before the UE reaches a condition where it cannot receive the HO command. If the UE channel condition is good, the UE will use a slightly longer TTT (40ms) if the UE has stayed in the current cell for more than 1s. Otherwise, the UE will set TTT = 1s – time of stay of the current cell. The reason behind SToS avoidance is that if the UE stays in a cell for a long time which indicates it is not in a ping-pong situation, we can perform a faster HO to encourage HOS. Otherwise, we use a dynamic TTT to force the UE to stay in a cell longer when the channel condition is good. 
Simulation results
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Figure 1: HOF and sToS for 30km/h UE compare to set3 for 3 different deployments  
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Figure 2: HOF and sToS for 120km/h UE compare to set3 for 3 different deployments
Figure 1 shows HOF and Short ToS for 30km/h UE in different deployments. Full buffer and half load (normal distribution) are implemented for each enhancement solutions and compared with set 3. The RSRQ based scaling TTT method shows a large reduction in HOF with trade off of increase in SToS in some cases. Fast HO with SToS/PP avoidance algorithm performs the best in terms of HOF rate. It achieves 72% of HOF rate for 2 pico random deployments and more than 80% reduction of SToS. Figure 2 shows the fast moving UE (120km/h). On average, we see more than 25% improvements in HOF and more than 60% in SToS reduction. 
On interesting observation is that there are more SToS in half load scenario than the full buffer case in set 3 and RSRP based solutions. One of the reasons for the slight decrease in SToS in full buffer case is that UE has to wait for RLF to recover. This process may increase the time of stay in a cell.     
Proposal: RAN2 to agree on the approach of using RSRP/RSRQ to scale TTT and using the SToS/ping-pong avoidance mechanism to provide overall HO performance enhancement for Hetnet in Rel-12. 
Questions from RAN2 email discussion [82#16]
We provide here some answers to address the questions/concerns raised during RAN2 email discussion [82#16].
	Ericsson
	We think this contribution is similar to 3. The same questions about accuracy, number of measurements, and measurement frequency apply here as well.

	Response:

Our simulation follows the RSRP measurement requirement. There is no addition measurement required at the UE side. We have submitted update results, please see attachment. Results show that using RSRP to scale TTT improves HOF rate by about 50% and by using PP avoidance method, short time of stay is reduced by 80% across all UE speeds in comparison to set 3.

	Nokia Siemens Networks, Nokia Corporation
	(1) Is the Fast HO using RSRP/RSRQ and ping-pong avoidance solutions two independent solutions or they both are required to be used simultaneously? What is the primary mobility robustness criterion in this solution #7? PP, SToS, HOF or RLF? (2) For the ping-pong avoidance solution what is the standards impact for determining time of stay for scaling the TTT (3) how to define UE test cases to ensure consistent UE behaviour independent of modem vendor. 

	Response:

(1) We propose to use it together in the contribution, but it can be used separately (i.e. one scale TTT based on the channel condition and with optional PP avoidance). In terms of time of stay, it is purely in the UE side, there is no signalling between the network and the UE. (3) The enhancement is rather simple, the only parameters are the channel condition and the UE time of stay. These values will not be very different across model vendors.

	Fujitsu
	We are wondering whether the intention of this proposal can be realized by configuring multiple Reportconfig to UE with different RSRP/RSRQ thresholds and different TTT.

	Response:

We don’t think configuration multiple Reportconfig to the UE with different thresholds and TTT can perform the same for the non PP avoidance enhancement. For example, configuring A3offet_high with TTT_short and A3offset_low with TTT_long. The A3offset_low will always trigger first. In the PP avoidance enhancement, it requires the UE to use time of stay at the current cell. So it can not be configured using existing events.

	CMCC
	Same question as to proposal 3. Additionally, the further improvement strategy using a pre-determine threshold for the UE time of stay, which seems hard to be implemented. 

	Response:

We don’t think it is hard to implement this rather simple algorithm. We simply state when the UE facing the poor channel condition and use the time of stay in current cell to scale TTT.  

	ZTE
	Seems like the TTT/A3 offset is associated with timely RSRQ value. We would also like the proponent to clarify if the exact intention is as Fujitsu wonders.

	Response:

Please see Fujitsu response

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	We have similar concerns as proposal #3. 

proposal #3 comments:

[We also agree with Ericsson’s comments and also have doubt about the consistency and accuracy of the gradient based solution and would at least need additional filtering/averaging.   We see fair increase in complexity from having to introduce this on top of the existing measurement procedures.  We would like to see some additional results that show these can be addressed.]

	Response:

We disagree with the consistency and accuracy concern. We have implemented the solution with the agreed simulation assumption. The accuracy and consistency are similar to A3event triggering. There is no additional measurement requirement so we disagree with the complexity aspect. In fact, we think this is one of the simplest solutions on the table. 

	ITRI
	We are wondering the measurement accuracy whether having impact on performance (e.g., CRS colliding/non-colliding). Second to NSN, is RSRP based on PHY layer measurements or L3 filtered values of RSRP? How many measurement results does the solution need? We also concern power consumption if frequent measurement is performed.

	Response:

We disagree with the consistency and accuracy concern. We have implemented the solution with the agreed simulation assumption. The accuracy and consistency are similar to A3event triggering. There is no additional measurements needed and regular L3 filter is applied. Since there is no additional measurement, there is no additional power consumption. Regarding to the CRS, for RSRP based solution; it does not affect the solution. For RSRQ based solution, we have implement half load and the results shows that it is no affect to the solution because the less interference makes the HO performs better. 

	I2R
	We share the same concern as ITRI.

	ETRI
	We agree with ITRI.

	Ericsson
	We thank Intel for the answers and providing updated results. We have a further question after reading the results.

1) Scaling based on RSRQ or RSRP means that the solution becomes quite sensitive to the channel model used, i.e. the solution may become optimized on the channel model used in the simulation. We would like to know more details about which model were used for fast fading (in particular) and also if different models were used and if so, what the results would be. We think that this solution might work very well with idealized models, but maybe fail to achieve similar performance in the field.

	Response:

For fast fading, we used TU (Typical Urban), which is the assumption in TR 36.839. Note that such assumption is used for a rather long time (over two years),  and no company has showed concerns on fast fading models for performance evaluation until now. We hope that companies discuss such simulation assumption issues earlier, instead of at the end of performance evaluation phase. 

For the proposal itself, it is not optimized for any fast fading channel model. The proposal uses layer 3 filtered RSRP/RSRQ value (note that even L1 filter has 200 ms period), which should minimize fast fading effect to a large extent, especially for medium to high speeds where channel coherence time is much shorter compared with 200 ms. 

	ZTE
	First, we would like to ask for a clarification on an implementation issue. Is TTT decided by RSRQ at the time point upon A3 event, or changeable according to real RSRQ at different time points?
Secondly, we feel that the RSRQ based TTT solution has the same effect as using a short TTT and the key idea of Proposal #7 actually is how to reduce sToS. Then, a short TTT with a method to keep the UE in the target eNB for at least 1s to avoid sToS sounds also fine.

	Response:

TTT is decided by RSRP/RSRQ at the time when A3 event triggered.  


3      Conclusion

In this contribution, we investigated the effect of load in RSRP/RSRQ based TTT scaling approach to enhance HO performance in Hetnet mobility. Our simulation results showed that the RSRQ based TTT scaling solution provides good HO performance in all deployments across all UE speeds even in light load scenarios. An enhancement to reduce SToS and ping-pong was further introduced and showed to achieve the best overall HO performance (50% improvement in HOF and 80% reduction in SToS). Most other proposed enhancements require tradeoff between HOF and SToS, while our proposed solutions are able to reduce both the HOF and SToS. We kindly ask RAN2 to consider the approach of using RSRP/RSRQ to scale TTT and using the SToS/ping-pong avoidance mechanism to provide overall HO performance enhancement for Hetnet in Rel-12.
Proposal: RAN2 to agree on the approach of using RSRP/RSRQ to scale TTT and using the SToS/ping-pong avoidance mechanism to provide overall HO performance enhancement for Hetnet in Rel-12. 
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4      Annex A - Simulation assumptions
Large scale simulation uses bouncing circle model.
Table A-1: Radio configurations for macro and pico cells
	Items 
	Macro cell 
	Pico cell

	ISD
	500m
	

	Distance-dependent path loss 
	TR 36.814 [4] Macro-cell model 1
	TR 36.814 [4] Pico cell model 1

	Number of sites/sectors
	19/57
	1

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	 Correlation distance of Shadowing

NOTE: this is the distance where correlation is 0.5 (not 1/e as defined in TR 36.814 B.1.2.1.1)
	25 m
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern
	The same 3D pattern as is specified in TR 36.814,  Table A.2.1.1-2 [4]
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 [4]

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10MHz 
	2.0Ghz/ 10MHz 

	BS Total TX power 
	46 dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814 [4].


Table A-2: RRM/RLM configurations
	Items
	Description

	Fixed Pico cell placement
	Fixed location(s) as shown in Figure 5.4.5.1-2 of TR [1] RP-110709, Study on HetNet mobility enhancements for LTE, Alcatel-Lucent. [1]

	Number of Random Pico cell placement
	0, 1, 2, 4, 10

	Cell loading 
	100%

	UE speed 
	3km/h, 30km/h, 60km/h, 120km/h

	Channel model 
	TU (fast fading included)

	TimeToTrigger  [ms]
	refered to different solutions

	A3-offset [dB]
	refered to different solutions

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133 
	200ms 

	Layer3 Filter Parameter K
	1

	Measurement error modeling for relative RSRP
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB is used (ref: TS36.133 [3])

	Measurement error modeling for absolute RSRQ
	To obtain the 90% bound for +/- 2.5 dB, a normal distribution with deviation = 2.5 dB / (sqrt(2)*erfinv(0.9)) =  1.5199 dB is used (ref: TS36.133 [3])

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms
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