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1
Introduction
In this paper we will discuss mobility robustness 
for scenario #2 with macro and small cells on different carrier frequencies (inter-frequency case) connected via non-ideal backhaul.

We will address robust inter-frequency mobility for efficient offloading for non-CA capable UEs. We show that by using simple solutions of performing increased measurements after inbound handover to small cells [ref] and data transmission initiated handovers together it is possible by using current mobility as baseline to reach significant gains compared to baseline and siginificantly reduce handover related failures without compromising UE power consumption.
2
Scenario #2 and generic mobility
In this scenario we are looking at one carrier (carrier 1) used for macro deployment and a second carrier (carrier 2) used for deployment of small cells e.g. for the purpose of offloading or hot spot usage. The small cells are assumed to under macro coverage which means that for non-CA capable UE inter-frequency mobility between macro layer and small cell layer is in focus. Small cells will have non-ideal backhaul. In [8] we address similar scenario but for CA capable UEs.
HetNet Mobility SI in RAN2 analyzed and studied mostly intra-frequency mobility cases although also inter-frequency was addressed to some extend in small cell discovery. Of special interest in this scenario will be the robust inter-frequency mobility between cells on different carriers (macro cell -> small cell and small cell –> macro cell) as well as mobility between small cells on small cell carrier.
Although the scenario #2 includes additional mobility cases than what was studied in HetNet SI it is very likely that the observations and challenges that were identified during the HetNet SI study phase will be valid and applicable in this scenario #2 as well. Based on this we propose:

Proposal 1: Overall observations from HetNet SI should be used as input when analysing mobility robustness in SCE scenario #2.
As we should aim for generic mobility solutions designed in a robust manner to cope with generic mobility scenarios we find it important that solution discussed in the HetNet WI should also be evaluated for SCE mobility.

Proposal 2: Solution proposals for HetNet mobility should be generic and evaluated also in terms of enhancements for mobility in SCE scenario #2.

We expect that some of the solutions discussed in HetNet WI will be applicable for SCE scenario #2 as well, while we also expect that SCE scenario #2 could provide some inter-frequency specific mobility challenges. When analysing robust mobility for scenario #2 we need to take into account the different UE capabilities which can be expected to be in the field. We here need to consider CA capable UEs with correct carrier combination capability [8], CA capable UEs but not supporting the deployed CA combination and non-CA capable UEs [9].

It is important to find solutions that enable efficient small cell enhancements in terms of efficient offload and small cell mobility and usage for all categories of UEs in order to enable full system benefits from small cell deployment and not only focus on solutions for one specific UE type or scenario.
Proposal 3: Mobility solutions need to be available such that on system level there are solutions covering CA as well as non-CA capable UEs.
3
Discussion
As mentioned in section 2 we expect that many of the observations from the HetNet SI will also be applicable to this scenario. When looking at the HetNet SI observations we should keep in mind that a rather significant difference from co-channel deployment is that the small cells in this scenario are not causing interference to macro UE.

In SCE scenario #2 the small cells are deployed on a different carrier than macro cells which means that the network is not interference limited in performing HO to small cells. This allows us to take a slightly different approach than in HetNet SI and focus on mobility on the macro layer and ensuring robustness here, and then in addition focus on the mobility between macro cells and small cells deployed on the separate carrier and ensure this is robust.
3.1
Observations from HetNet SI
Some of the observations from the co-channel HetNet SI would likely also be applicable to SCE scenario #2 regarding mobility to small cells. One of the situations causing mobility robustness challenges in co-channel deployment happens if inbound handover to small cell is not done early enough. This could cause handover failure due to interference. Similarly if the inbound handover was done late this could cause small cell outbound handover to fail in some cases e.g. for fast moving UEs. Also DRX plays a role here. In general small cell outbound mobility was observed as challenging especially for moving UEs and applying DRX.
In scenario #2 the situation is different as the inbound handover to the small cell is not time constrained due to small cell intereference. Instead the inbound handover to small cell is related e.g. to enable fast handover for ensuring high offloading rate with low delays; I.e. efficient use of small cells when available and needed.

In scenario #2 handover to small cell is not always necessary due to normal mobility reasons such as e.g. coverage or interference and there is no risk that the UE would experience loss of service or mobility failures on macro layer due to deployment of the small cells. On the contrary the small cells are deployed for the purpose of ensuring capacity in places where this is needed e.g. city centers, malls or offices; and they are deployed on own carrier. Therefore in these situations handover is not always necessary and it is therefore possible to reduce the number of handovers to small cells. By reducing the numbers handovers to the small cells this will likely also reduce the handover failures related to in- and outbound handovers to small cells. Before looking at this we list a number of observations from the HetNet SI outcome which we see also applicable for scenario #2.
From HetNet SI among other following was observed which would also be applicable for non co-channel deployment:
· 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;

· 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).
Allowing for efficient UE power savings for always on UEs – i.e. adding connected mode DRX into the overall mobility picture the observations needs to include also the observed impacts from using DRX (where it was also observed that for UE power consumption DRX is essential for battery saving):

· 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;

Taking the observations above into account we have analysed SCE scenario #2 with the goal of collecting mobility statistics including handover failures to see if the failure rate would increase. Additionally we have in same simulations gathered results from applying two solutions in order to increase mobility robustness in small cell deployments.
3.2
Simulation Setup
Fully dynamic system simulations have been executed using the following setup:

The simulation scenario consists of two frequency layers, macro layer with 21 cells and small cell layer with 4 or 10 clustered pico cells per macro cell. In this paper 4 small cells per macro cell is referred as sparse deployment and 10 small cells per macro cell as dense deployment. The scenario is using wrap-around propagation and mobility. 30 UEs per macro cell are uniformly distributed and they move freely in the simulation area with straight line movement. In addition to pedestrian speed of 3 km/h also 30 and 60 km/h are simulated. In addition to different UE speed we have looked at two network load levels, 50% and 100% RB load, to study the results in different interference conditions. Also different DRX settings are studied along with reference case without any DRX use. Three traffic model options are used to study differences caused by DRX short cycle activity and particularly differences for Solution 2 algorithm (described below). The detailed simulation and scenario parameters are located in Appendix A. In simulation cases we have looked at different DRX related algorithms:

1) ‘Baseline’ is using the current existing mobility with robust handover parameter setting as well as short DRX cycle use.

2) ‘Solution 1’ is using the solution proposed in [7]. We have additional measurements for 10 seconds after inbound handover to small cell.

3) ‘Solution 2’ Handover to small cell is performed when there is data transmission.

4) ‘Solution1and2’ is using both Solution 1 and 2 at the same time.

3.3
Simulation Results

In [7] we have proposed one solution for ensuring robust outbout small cell mobility using a generic approach where UE performs additional intra-frequency measurements for a time limited period after small cell inbound handover. This solution is applicable for both co-channel deployments as well as the inter-frequency mobility – scenario #2 here.

The results in [7] show significant decerease in outbound mobility failures from small cells when applying additional measurements after inbound handover. We expect similar results for both intra- and inter-frequency cases by applying this solution. 
Solution 1: UE performs additional intra-frequency measurements after small cell inbound handover.

As mentioned SCE scenario #2 is different from co-channel deployment in the sense that small cell inbound handover is not always necessary due to e.g. interference. Reducing the number of small cell inbound handover could further reduce the failure rates related to SCE scenario #2 as well as it could potentially reduce the mobility related signaling. For this purpose we have performed simulations wher we have looked at the handover related statistics and the types of handovers, Handover failures, RLFs and Ping-Pongs in cases where handover to small cells are only performed when there is data transmission. Additionally also UE power consumption has been evaluated.
Solution 2: Handover to small cell is performed when there is data transmission.

Our simulations results show performance of baseline (based on Rel-11 mobility), Solution 1 (described above), solution 2 (described above) and solution 1 and 2 combined.

First commenting on baseline performance - as shown in our simulation results in figure 1 and 2 ‘Baseline’ we see that, as expected we have similar mobility challenges for scenario #2 as observed during the HetNet SI although less severe. Still we can observe from’Baseline’ results that robust mobility involving small cells in general – i.e. also for inter-frequency case - becomes challenging as UE velocity increases and DRX cycle length increases. Fully loaded network is used in the simulations for figure 1 and 2.
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Figure 1: Total RLF in sparse (left) and dense (right) deployments (30 second background traffic)
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Figure 2: Total HOFs in sparse (left) and dense (right) deployments (3 seconds background traffic)
Acknowledging that mobility robustness faces challenges we next look at the simulations results related to the mobility performance from applying the proposed solution and compare with with baseline.
Looking at the results for Back ground traffic with inter-arrival time of 30 seconds, first at the handovers and how they are distributed in the scenario we see from Figure 3 a significant decrease in the amount of total handovers performed at medium DRX cycle lengths. What can also be observed is that the decrease in the handovers is due to reduced small cell inbound handover. Reducing the small cell inbound handovers also reduces the small cell outbound handover which is also reflected by reduced small cell outbound mobility errors (see figure 4).
From the results in Figure 3 we see a slight increase in the intra macro cell handover at medium DRX lengths which is likely due to reduced use of small cells in certain cases which now leads macro-macro mobility. At the same medium DRX lengths we see a significant decrease in the inter-frequency mobility (between macro cell and small cell and vice versa). As especially the outbound mobility from small cell has been observed as being one of the critical cases reducing the inbound handover to small cells is attractive both for improving outbound small cell mobility as well as reduce related mobility signalling.

In the figure 3 it is also observed that for longest DRX there is an increase in succesfull outbound handovers from cells. This is basically due to applying additional measurements after inbound handover which increases the level of outbound handover success rate (while lowering RLFs i.e. some RLFs are converted into succesfull HOs).
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Figure 3: Handover types in dense deployment (Net0 is macro layer, Net1 is small cell layer)
In figure 4 we present the total amount of RLFs in an intermediate loaded network compared to the RLF for macro layer and small cell layer only. What we can observe is that by applying the proposed solution we significantly reduce the amount of RLFs related to small cells (outbound). This shows that long DRX can be applied in small cells without causing increase in overall RLF count.
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Figure 4: RLFs per UE second in different layers.
In additions to above positive trends our results also show a decrease in the amount of handover between macro layer and small cell layer as well as a drop in the HOFs. PP numbers are increasing for faster moving UEs which is as expected and not necessarily a bad thing. It indicates that compared to baseline we have more succesfull handover and reduced RLFs.
Based on these initial simulation results, this discussion and the fact that current mobility is optimized for intra-frequency mobility we propose work further on inter-frequency mobility for enabling efficient of offloading in a robust way while ensuring focus on signalling load increase and UE power consumption. We therefore propose:

Proposal 4: Further study SCE Scenario #2 regarding robust inter-frequency mobility.

As we can observe from our simulation results it is possible to improve the robustness of the mobility in a HetNet/small cell environment by applying simple solutions to existing mobility procedures. We have shown that by applying additional measurements after inbound handover and by minimising the small cell inbound handover to situations when this is needed – e.g. data transmission is ongoing - it is possible to reduce the mobility failures and ensure robust mobility even for cases when applying longer DRX cycles. For macro cell we see rather stable mobility results for 60 km/h for DRX cycles up to 640ms in an intermediate loaded network situation. For small cells we see very promising mobility results for any UE using any DRX.

Last on the UE power consumption impact the results illustrated in figure 5 shows no negative impact while the solutions even have a positive impact and reducing the UE power consumption.
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Figure 5: UE power consumption impact when applying the described solutions (note that these are zoomed figures. UE power consumption when no DRX is applied is approximately 250 mW)
Based on the results shown in this paper we conclude:

Conclusion: For ensuring also future robust mobility in a generic manner covering different deployment sceanrios we propose to study efficient and robust inter-frequency mobility for ensuring robust mobility for scenario #2 while at the same time also taking the UE power consumption into account.
4
Conclusion
In this paper we have discussed mobility robustness for scenario #2 with macro and small cells on different carrier frequencies and addressed robust inter-frequency mobility for efficient offloading for non-CA capable UEs. We propose:

Proposal 1: Overall observations from HetNet SI should be used as input when analysing mobility robustness in SCE scenario #2.

Proposal 2: Solution proposals for HetNet mobility should be generic and evaluated also in terms of enhancements for mobility in SCE scenario #2.

Proposal 3: Mobility solutions need to be available such that on system level there are solutions covering CA as well as non-CA capable UEs.
Proposal 4: Further study SCE Scenario #2 regarding robust inter-frequency mobility.

We have in this paper looked at mobility robustness for SCE scenario #2. We see that we have similar mobility trends in the mobility challenges related to inter-frequency small cells as observed in HetNet SI. We also show that it is possible to ensure robust mobility in a HetNet/small cell environment by applying simple solutions to existing mobility procedures.
Solution 1: UE performs additional intra-frequency measurements after small cell inbound handover.

Solution 2: Handover to small cell is performed when there is data transmission.

For macro cell we see rather stable mobility results for 60 km/h for DRX cycles up to 640ms in an intermediate loaded network situation. For small cells we see very promising mobility results for any UE using any DRX.

As we are looking at generic solutions ensuring robust small cell mobility for both co-channel and inter-frequency deployment scenarios we conclude:
Conclusion: For ensuring also future robust mobility in a generic manner covering different deployment sceanrios we propose to study efficient and robust inter-frequency mobility for ensuring robust mobility for scenario #2 while at the same time also taking the UE power consumption into account.

We see it important to have generic system solutions enabling efficient use of small cells for different deployment scenarios covering varios different non-CA and CA capable UE capacities. Enabling solutions for all UE categories allows for efficient network usage of available resources as well as it increases user experience. 
Robust inter-Frequency mobility as described in this paper enables this. Additionally we should see outcome from the HetNet WI and ensure that solutions for HetNet are generally applicable also for scenario #2 when this is possible. 
References

[1] 3GPP TS 36.300 E-UTRAN Stage 2
[2] 3GPP TS 36.321 Medium Access Control (MAC) protocol specification 
[3] 3GPP TS 36.322 Radio Link Control (RLC) protocol specification
[4] 3GPP TS 36.323 Packet Data Convergence Protocol (PDCP) specification
[5] 3GPP TS 36.331 Radio Resource Control (RRC); Protocol specification 
[6] 3GPP TS 36.304 User Equipment (UE) procedures in idle mode
[7] R2-131247 Robust mobility in HetNet environment - Nokia Corporation, Nokia Siemens Networks

[8] R2-131056 Mobility statistics for macro and small cell Dual-Connectivity cases - Nokia Siemens Networks , Nokia Corporation
[9] R2-131105 UE capability assumption for small cell enhancements – Nokia Corporation, Nokia Siemens Networks
Appendix A: Simulation parameters
	Feature/Parameter
	
	Value/Description

	DRX
	Long cycle length

Short cycle length
Short cycle duration

Inactivity timer

On duration timer
	80, 160, 320, 640, 1280, 2560 ms

40 ms, (80, 160 ms for long cycle length 1280, 2560 ms respectively)

1x long cycle length 
10 ms

5 ms

	Intra and inter-frequency handover parameters
	Handover criteria

A3 baseline offset

A3 baseline time-to-trigger
	Event A3 RSRP

3 dB

256 ms

	Traffic parameters
	Traffic type “background”:

Packet interval options
	Average 3, 30 seconds from geometric distribution

Constant 10 seconds

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	3GPP Macro Cell Scenario
	Cell layout
	21 sectors/7 BSs

	
	Inter site distance (ISD)
	500 m

	Pico cell layout
	Cluster distance to macro
	Minimum 75 m

	
	Distance between clusters
	Minimum 100 m

	
	Distance between picos
	Minimum 20 m

	
	Cluster radius
	50 m

	
	Cluster location
	Random

	
	Clusters/macro cell
	1

	
	Picos/cluster
	4, 10

	Macro-pico deployment type
	
	Inter-frequency

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(r)

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(r)

	BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	Shadowing standard deviation
	Macro

Pico
	8 dB

10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro

Pico
	50 m

13 m

	Multipath delay profile
	
	Typical Urban

	UE speed
	
	3, 30, 60 km/h

	Intra and inter-frequency measurement
	L1 measurement cycle

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size

L3 filtering
	40 ms or DRX cycle length

6 RBs

2 dB

5

Disabled

	Handover preparation time
	
	50 ms

	Handover execution time
	
	40 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310
	-8 dB

-6 dB

1000 ms

	Cell detection model
	
	Enabled

	Receiver diversity
	
	2RX MRC

	Number of calls
	
	30 UEs per macro cell so totally 630 UEs with 100 second calls

	DL Interference load
	Macro, Pico
	50, 100% RBs loaded
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