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1
Introduction
In RAN4 Ad hoc meeting #10-02, it was suggested that RAN4 start discussions on simulation work for carrier aggregation (CA) mobility performance in order to evaluate RRM requirements in CA [1-2]. This contribution proposes simulation models and assumptions in order to accelerate the discussions for RRM requirements in CA.

2
Simulation assumptions for mobility performance
2.1 Basic approach

In [3], five CA deployment scenarios, which are captured in Annex A, were agreed for studying CA-related specifications. Therefore, it would be natural to use the five scenarios for simulation studies for RRM requirements in CA. It is also proposed that basic simulation parameters in TS 36.814 [4], which are captured in Annex B, should be used for the evaluations, because they have been used for many evaluations in 3GPP so far. 

Proposal 1: The five CA deployment scenarios (Annex A) should be used in the simulation studies for CA mobility　 performance. 

Proposal 2: The basic simulation parameters in TS 36.814 should be used in the simulation studies for CA mobility performance.
More details in the simulation models/assumptions are discussed in the following sections.
2.2 System simulation parameters for CA
Carrier frequency

In the scenario #2 - #5, F2 has smaller coverage due to larger path loss. For example, if F1 is 800 MHz and F2 is 2 GHz, the cell coverage of F2 would be smaller than that of F1. It is noted that it would be a likely scenario in real deployments according to [2]
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[5]. Therefore, it is proposed that F1 and F2 should be 800 MHz and 2 GHz, respectively, based on the agreed band scenarios for Release 10 timeframe.

One concern on the above parameters is that the path loss difference between F1 and F2 would be so large that F1 cell would always be stronger than F2 cell. For example, if the best cell should be selected as the primary component carrier (PCC) in the simulations, F1 would always be the PCC. On the other hand, it would be quite important that the PCC should be equally assigned to each carrier frequency for load balancing. That is, such path loss difference between F1 and F2 would be compensated by artificial offsets in real network. It implies that the scenario, in which F1 is the same as F2, would also be a likely one. 

Based on the above analysis, it is proposed that the following carrier frequency should be used in the evaluations. It is also proposed that Case A/B should be selected on a case-by-case basis. 
(Proposed simulation parameters)

Case A: F1 = 800 MHz, F2 = 2 GHz

Case B: F1 = F2 = 2 GHz 
Shadowing parameters
Shadowing correlation between cells and the one between sectors is assumed to be 0.5/1.0, respectively, in TS 36.814, and the same assumptions could be used for the mobility simulations in CA. One issue, which needs to be discussed, is what shadowing correlation between F1 and F2 and deviation should be assumed in the simulations. According to the field measurements [6], it was observed that shadowing would not depend on carrier frequencies, i.e. both shadowing correlation and deviation would not be affected by carrier frequencies. Therefore, it is proposed that the shadowing correlation between carrier frequencies should be 1.0 and the same shadowing deviation should be used for all the carrier frequencies.

(Proposed simulation parameters)

Shadow correlation between carrier frequencies: 1.0

The same shadowing deviation should be used for all the carrier frequencies.

UE speeds of interest
In general, a wide range of UE speeds should be utilized for evaluations in order to verify how measurement period/interval would affect the mobility performance. Therefore, 3 km/h, 50 km/h, and 120 km/h should be used for the evaluations. It is noted that 50 km/h could be substituted for 3 km/h in some evaluations in order to reduce simulation time. 

(Proposed simulation parameters)

UE speeds of interest: 3, 50, 120 km/h

Scheduler and Traffic model

It is proposed that round robin scheduler should be used for initial evaluations. Other schedulers, such as proportional fairness, could be used in the future evaluations if necessary.
Both full load and non-full load conditions should be used as a traffic model in order to evaluate the mobility performance when the cell load varies.

(Proposed simulation parameters)

Scheduler: Round robin
Traffic model (load conditions): Varying load with average 50% resource utilization, Full load
UE distribution and mobility

UE should be placed at random positions in the network and move at random directions with a fixed speed throughout the simulations. Sufficient iteration would be needed in the evaluations.
2.3 CC management and HO model for CA
In this section, we discuss how we should model CC management and HO for CA in the simulations. Our assumptions are based on Rel-8/9 evaluation models [7]
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[8] and extended for carrier aggregation evaluations.
2.3.1 Basic assumptions for CA
We propose the following assumptions for the initial evaluations:

· Number of CCs: 2

· One CC is Primary CC (PCC), and the other is Secondary CC (SCC).
· PCC and SCC should belong to the same eNB.

2.3.2 CC addition/removal for SCC
In the simulations, UE should make measurements for non-PCC layers (including SCC) periodically and add or remove SCC according to the following rules:

· CC addition and removal should be determined based on Event A4 and A2, respectively.

· If neighbour cell becomes better than A4 threshold, then the cell should be added as a SCC.

· If the serving cell in SCC becomes worse than A2 threshold, then the cell should be removed.

· Note 1: Event A3 should also be utilized for cell change in SCC as presented in Section 2.3.4

· Note 2: Other methods to add/remove SCC could also be evaluated if necessary.

2.3.3 Handling of Deactivated CC
Cell search and RSRP measurements for deactivated CC would be conducted similarly to those for DRX, because both deactivation and DRX would intend to minimize UE power consumptions. Therefore, the measurement procedures for DRX could also be applied to those for deactivated CC in the evaluations. It is noted that we could adjust the amount of measurement opportunities by the DRX cycle.

2.3.4 HO models
HO models for Release 8/9 evaluations would be a baseline for both PCC and SCC, i.e. Event A3 should be used for HO triggering for both intra-freq and inter-freq HO. However, the following issues should be clarified to complete the simulation assumptions:

· Point 1: How to handle SCC in the source eNB, in case Event A3 for inter-eNB HO in PCC is triggered 

· Possible solutions:

· Solution 1: Remove the SCC in Source eNB

· Since PCC and SCC should belong to the same eNB, the SCC should be removed.

· After the SCC is removed, SCC in Target eNB might be added based on the procedures in Section 2.3.2. Or, SCC in Target eNB could be added simultaneously with PCC cell change, if its radio link quality is sufficient.

· Solution 2: Ignore the event

· If the radio quality in the SCC in Source eNB is much better than that in the PCC in Target eNB, this solution would provide better performance.

· Way forward:

· Solution 1 should be adopted in the initial evaluations. 

· Other solutions could also be evaluated if necessary.
· Point 2: How to handle SCC in the source eNB, in case Event A3 for inter-eNB HO in SCC is triggered 

· Possible solutions:

· Solution 1: Remove the SCC

· Since non-best cell would cause interference to the best cell especially in UL, it should be removed.

· Solution 2: Ignore the event

· Although the radio link quality would not be very good, DL throughput could be improved by the SCC to some extent.

· Way forward:

· Solution 1 should be adopted in the initial evaluations.

· Other solutions could also be evaluated if necessary.

· Point 3: How to change PCC

· Possible solutions:

· Solution 1: Fix PCC to one of CCs
· Solution 2: Change PCC with a neighbour cell in SCC in the inter-freq HO between PCC and the cell in SCC (Event A3)
· Solution 3: FFS
· Way forward:

· It would depend on network policy whether PCC should be changed frequently or not, and therefore it would be difficult to limit it to one solution. Therefore, it should be defined case by case.
2.3.5 Mobility-related parameters
The following mobility-related parameters should be determined in order to achieve better alignments among interested parties. Tentative values are also proposed below:

· Time-to-trigger (TTT)

· Default values: 320 ms

· Offset (Hysteresis)

· a3 offset: 3.0 dB

· L3 filtering coefficient

· Filter coefficient: fc4
· …
· …
Other values could also be evaluated in necessary, which should be determined case by case.

2.3.6 Measurement interval
The same assumptions as Release 8/9 evaluations should be used in the evaluations. The measurement period should be 200 ms for activated CCs and five times the measurement interval (as well as that of DRX mode) for deactivated CCs, i.e. RSRP measurement could be executed every 40 or 50 ms and every the measurement interval respectively.
2.4 Evaluation criteria
We propose the following evaluation criteria. It is noted that some of them could be selected case-by-case:

· RS SINR (or aggregated throughput of each CC)

· SINR-average throughput could be calculated based on Annex A. of TR 36.942.

· Number (or frequency) of intra-freq HO

· NW control overhead could be evaluated. 

· Number (or frequency) of inter-eNB HO

· NW control overhead could be evaluated.

· Number (or frequency) of SCC management (SCC addition/removal)

· NW control overhead could be evaluated.

· Number (or frequency) of measurement reports

· NW control overhead could be evaluated.

· Radio link problems per CC

· Radio link problem should be detected for each CC.

· Radio link problems for PCC

· Radio link problems would directly result in RRC connection re-establishment, and therefore it would degrade customer experience. 

· …
· …
3
Conclusions
In this contribution, we discussed simulation assumptions for mobility performance in carrier aggregation.
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Annex A. Carrier aggregation deployment scenarios
Table 1. Carrier aggregation deployment scenarios 1-5 (F2 > F1).
	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image1.emf]F1 F2



	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to provide throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image2.emf]

	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
	
[image: image3.emf]

	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	
[image: image4.emf]

	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
	
[image: image5.emf]


Annex B. System simulation assumptions
Table 2. 3GPP Case 1 based simulation assumptions
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500 m

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz,   I=119.7 - 800MHz [3GPP TR 25.942]

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 [ ETSI TR 101 112]

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	10 or 20 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	
[image: image6.wmf](
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 = 70 degrees,  Am = 25 dB 

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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The parameter 
[image: image10.wmf]etilt
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
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= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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	Channel model
	3GPP Spatial Channel Model (SCM) [TR 25.996]

For single transmit antenna evaluations, the Typical Urban (TU) channel model may be used

	Carrier Frequency / Bandwidth
	800MHz or 2GHz/5MHz or 10MHz

	UE speeds of interest
	3km/h, 50km/h, 120km/h

	Total BS TX power (Ptotal)
	43dBm –5MHz carrier,   46dBm - 10MHz carrier

	UE power class
	 23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	Inter-cell Interference Modelling
	UL: Explicit modelling (all cells occupied by UEs), 

DL: Explicit modelling else cell power = Ptotal

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters [3GPP TR25.996]
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