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1
Introduction
In this paper we discuss the need for further updates to TR 36.839 [3] that we feel are important to capture in the TR before we close the HetNet mobility enhancements study item [1].
2
Background
After RAN2#78 an email discussion, 78#53: LTE/HetNet: Update of TR 36.839, took place to finalize the content of the TR 36.839. Please see [2] for an email summary and [3] for the updated draft TR 36.839 v0.6.1 that is the outcome of the email discussion. In this paper we discuss the need for further updates to [3] that we feel are important to capture in the TR 36.839 before we close the HetNet mobility enhancements study item [1]. 
3
Further update to TR 36.839
3.1
Multiple pico cell deployments
Section 5.5.4 in [3] describes the study of multiple pico cell deployments and the observations based on those study. It describes the multiple pico cell deployment for two scenarios, one under full system load and one under constant system load. Eventhough the section has been separated in to subsections for fully system load and constant system load there is still some amibuguity as to the definitions of full system load and constant system load. We feel it would be clear if we can explain that full system load refers increasing the system load when more pico cells are added to ensure that there is 100% cell loading while constant system load refers to keeping the system load constant even when more pico cells are added so that the per cell loading is not maintained at 100%. 
Also, as part of the discussion of [4] RAN2 agreed the following in RAN2#78:
=>
Can capture that in general we can expect better handover performance if the load in the system is lower. Therefore, at constant system load, addition of pico cells may have a positive effect on the mobility performance if their deployment results in reducing the load per cell and thereby reducing the interference and the number HOF/RLF. 

=>
Should describe the scenario that is being investigates here
The first agreement above has been captured in the draft TR 36.839 in [3] but there is nothing captured in [3] about the scenario that was investigated. We feel at least a brief description of the uniqueness of the scenario must be captured in the TR 36.839 in [3]. In the text proposal included in this discussion paper we propose further changes to section 5.5.4 of [3] to address these issues.
3.2
Mobility State Estimation
Section 5.6.1 in [3] shows the MSE simulation results for the distribution of MSE counter in macro-only network (Figure 5.6.1-1 in [3]) and HetNet (Figure 5.6.1-2 [3]).  We feel the charts in those two figures need further explanation in the TR to highlight the observations very clearly. In the text proposal included in this discussion paper we propose further changes to section 5.6.1 in [3] to address this.
In addition to the changes described in this section and section 3.1, we also propose some editorial changes to some text in the TR 36.839 in [3].
3.3
Performance with DRX
Section 5.5.5.3 in [3] states that ‘Simulation results also show that Ping-pong rates are lower with DRX’. While providing this statement we have actually not included any simulation results to support it. However, the following simulation results were presented in [5] and statisitcs are collected using same simulation setup as for other simulation results presented in section 5.5.5.2 in [3].

[image: image1.png]PP rate [%]

Percentage of macro-pico ping-pong handovers

100 T T T T T T T T T T T T T T
(CTSTTT:40 CTSOffset-4)
ool [1(CTSTTT:40 CTSOffset:0) ||
I ( TTT:160 Offset:2)
80+ 4
70t : §
3 kmph 30 kmph
60 : 4

off 80 160 320 640 1280 2560 off 80 160 320 640 1280 2560
Long DRX cycle [ms]





Figure 1 Illustration of Ping-pongs

Basd on the results it is possible to observe two things:

1) Simulation results also show that Ping-pong rates are lower with DRX

2) There is a trade off between amount of Ping-pongs and aggressive handover parameter use.

Observation 1) is the same as the one already captured in [3] but now it can also be supported by simulation results. Obervation 2) is made based on the simulation results presented in Figure 5.5.5.2.2-1 in [3] and the Ping-pong results presented in the above Figure 1. We therefore propose the Figure 1 above be added to the TR 36.839 (to atleast support observation 1) but also add observation 2) in the TR. Please see text proposal provided in this paper for details. In addition to incorporating the changes for the above proposal some text rearrangement has also been done such that text that are not direct observations from simulations are moved out of the bulleted list of observations but still retained in the TR.
4
Conclusion
In this paper we have proposed some additional text changes to the TR 36.839 using a clea copy of [3] as a baseline. We propose RAN2 to discuss each of the text proposals presented in this paper and decide whether these can be incorporated in TR 36.839v0.6.1.
Beginning of Text Proposal

5.5.4
Multiple picocell deployments
5.5.4.1
Multiple picocell deploymentunder full system load
In this section, Handover performance in terms of HOF and Short ToS for multiple random pico cells deployments (with 1, 2, 4 and 10 pico cells per macro) is studied. Several contributions were provided in RAN2#78 and the following results are from Tdoc R2-122814 [15]. With the exception of pico cell placement, the simulation assumptions are as in Table 5.2.3-1 and Table 5.2.4-1 using TU channel model, 500m ISD and 100% cell loading. Figures 5.5.4.1-1 to 5.5.4.1-4 show HOF and Short ToS for different UE speeds using several A3 offset and TTT configuration parameters including parameter sets for simulation calibration in Table 5.3.2-1.
5.5.4.1.1
Observations from Multiple picocell deployment simulations under full system load
Based on the simulation results provided above and the other contributions into RAN2#78, the following observation was made:

· For full system load with full buffer traffic model, the number of HOF/UE/s increases with the number of pico cells.
5.5.4.2
Multiple picocell deploymentunder constant system load
Investigation of the impact of varying the number of pico cells under a macro cell with constant system load was also done [13]. With constant system load, increase in the number of pico cells results in the system load being shared by all the cells and thereby reducing the load on the macro cell (i.e. cell loading is not 100%). In [13] a scenario involving two groups of users, where one is a static group of background users that were deployed along the edge of the macro cell and the second is a group of focus users that were randomly deployed and moving in straight lines in random direction at medium speed, were used. No DRX or eICIC were employed.
5.5.4.2.1
Observations from Multiple picocell deployment simulations under constant system load
 It was also noted that in general better handover performance can be expected if the load in the system is lower. Therefore, at constant system load, addition of pico cells (that is, when more picos are added without any increase in oveall system load) may have a positive effect on the mobility performance if their deployment results in reducing the load per cell and thereby reducing the interference and the number HOF/RLF.
Next Text Proposal

5.5.5.3

Overall observations on Handover performance in HetNet with DRX

For this Study item, slightly higher HOF rates in HetNet, relative to macro-only scenarios, at least for background traffic, are considered acceptable. The following observations were made with respect to HO performance for HetNets with DRX:

1)

Simulations indicate that for low speed UEs (3 km/h) acceptable HO performance rates can be ensured at least for background traffic in HetNets if the network avoids too long DRX settings inside pico cells.
2) In general, while longer DRX combined with higher UE velocity provides challenges to mobility robustness, adding small cells in combination with longer DRX, even medium velocity provides challenges to mobility robustness especially for pico outbound mobility.
Simulations showing UE power consumption were also discussed in many Tdocs in RAN2#77bis. They showed that 
3) DRX is essential for battery saving and doubling the DRX cycle almost halves the power consumption for keep-alive traffic with 20s inter-arrival time. However, no significant differences between battery saving in DRX in HetNet and macro-only scenarios was observed for the same DRX parameters (e.g., in Tdoc R2-121660 [10]).
4) Simulation results also show that Ping-pong rates are lower with DRX and that there is a trade off between amount of Ping-pongs and aggressive handover parameter use.
Next Text Proposal

5.6

Performance benefits of enhanced UE mobility state estimation

5.6.1
Mobility speed estimation

This section considers the distribution of Mobility Speed Estimation (MSE) counter values in a regular macro-only and HetNet network. An MSE observation window, TCRmax, of 120 s is used in the simulations. The Figure 5.6.1-1 and Figure 5.6.1-2 (Tdocs R2-121626 [31] and R2-12xxxx [ab]) show the distribution of MSE counter in macro-only and HetNet network respectively for TCRmax of 120s. The simulation parameters when different from those in tables 5.2.3-1 and 5.2.4-1 are also given in Table 5.6.1-1.
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Figure 5.6.1-1: Distribution of MSE counter in macro-only network for MSE observation window TCRmax of 120s. The dotted lines illustrate example mobility state thresholds.
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Figure 5.6.1-2: Distribution of MSE counter in HetNet network with different number of picos for MSE observation window TCRmax of 120s.

As can be seen in Figure 5.6.1-1, in the macro only network the MSE performs well, and there is good correlation between MSE count and speed of movement. Here it is easy to choose appropriate MSE thresholds, N_CRMedium and N_CRHigh, for MSE function to distinguish the UE mobility states. But, in a heterogeneous network (Figure 5.6.1-2) using the current MSE algorithm produces an MSE event count that is positively biased by the density of pico cells. That is, MSE count for a given UE speed increases with increase in number of pico cells. In HetNet with cells of different cell sizes and varying pico cell densities it is challenging to find one set of appropriate MSE thresholds that would accurately work for different HetNet deployments.
Next Text Proposal

11

Overall observations from the study on HetNet mobility
The sections above provide the overall observation on each of the different topics studied as part of this SI and are summaried again here:

From the small area calibration simulation results, the following observations were made:

· Majority of the companies observed the same trend of the simulation results. The variance of some calibration results from different companies is still big.

· The UE speed has a significant impact on the HO performance. The trend of simulation results indicated that high speed UEs suffer much higher HO failure rate than low speed UEs.
The following observations are made from the overall calibration simulations:

· Results indicate that handover performance in HetNet deployments is not as good as in pure macro deployments.  Of the different HO types, Pico to Macro handover performance showed the worst performance.

· For low mobility UEs (i.e., speed < 30km/hr), no significant problems have been observed in terms of HOF and loss of connectivity (some issues with Short ToS have been identified).
Observations from Multiple picocell deployments simulations for full system load

· For full system load with full buffer traffic model, the number of HOF/UE/s increases with the number of pico cells.
Observations from Multiple picocell deployments simulations for constant system load

· It was also noted that in general better handover performance can be expected if the load in the system is lower. Therefore, at constant system load, addition of pico cells (that is, when more picos are added without any increase in oveall system load) may have a positive effect on the mobility performance if their deployment results in reducing the load per cell and thereby reducing the interference and the number HOF/RLF.
The following observations were reached with respect to HO performance for HetNets with DRX:

· 
· The simulations indicate that for low speed UEs (3 km/h) acceptable HO performance rates can be ensured at least for background traffic in HetNets if the NW avoids too long DRX settings inside pico cells.

· In general while longer DRX combined with higher UE velocity provides challenges to mobility robustness, adding small cells in combination with longer DRX, even medium velocity provides challenges to mobility robustness especially for pico outbound mobility
· Simulations showing UE power consumption showed that DRX is essential for battery saving and doubling the DRX cycle almost halves the power consumption for keep-alive traffic with 20s inter-arrival time. However, no significant differences between battery saving in DRX in HetNet and macro-only scenarios was observed for the same DRX parameters.

· Simulation results also show that Ping-pong rates are lower with DRX and that there is a trade off between amount of Ping-pongs and aggressive handover parameter use.
The following Conclusions were made on mobility performance on HetNet mobility performance with eICIC.

· eICIC (Time domain resource partitioning based on ABS) with 0dB CRE bias does not cause a negative effect on mobility performance in HetNet

· eICIC can improve mobility performance in HetNet when ideal ABS pattern coordination among macro cells is used even with a large CRE bias (e.g. 6dB)

· Use of a large CRE bias (e.g. 6dB) with non-ideal ABS pattern coordination among macro cells can lead to mobility performance degradation
· Even with ideal eICIC the mobility performance in HetNet is not as good as macro only network with the pico-macro handover failures continuing to dominate the HOF results
· However, non ideal ABS coordination among macro cells and larger CRE bias were proven to lead to increased interference from macro cells, which in turn can result in mobility performance degradation. 
Overall observations on Mobility speed estimation
· The MSE is not as accurate in HetNet environments as in macro only deployments since it does not take into account cell sizes.
· It was however agreed that possible enhancements to the UE-based MSE should serve the purpose of enhanced mobility performance (not only for the sake of enhancing the MSE estimate).  Enhancements should be considered to improve the mobility performance of HetNet. This includes UE and network based mechanisms.
The following conclusion was drawn from the study on inter-frequency small cell discovery:

· It was concluded that continuously performing measurements according to existing performance requirements results in very high battery consumption without showing significant impact on offloading potential.
In addition, the following general observations were made:
· There is consensus that enhancements should be considered to improve the mobility performance of HetNet. This includes UE and network based mechanisms
The study has not compared individual enhancement proposals and therefore do not exclude any of those at this point in time (selection of enhancements to be done in the work item phase)
End of Text Proposal
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