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1
Introduction
Carrier aggregation has been discussed heavily during the last year in RAN2, and RAN4 work has also started to ramp up. RAN2 has made several decisions, resulting in the CA architecture and procedures starting to converge. RAN4 has also started the discussions on how the mobility and measurement requirements should be evaluated. In this paper, we present a sample of our initial simulation results on mobility with carrier aggregation and invite more discussion into the further work plan carrier aggregation performance requirements simulations in RAN4.
2
Simulations for RRM Requirements for Carrier Aggregation
Currently, RAN2 has been heavily discussing the activation and deactivation of component carriers, and RAN4 has received two LSs regarding the measurements of deactivated CCs (see [2] and [3]). Since the question of deactivated component carriers seems to be the hottest topic in RAN2, and there are clear implications to RAN4 measurement requirements, we feel that the initial studies could be based on e.g. the following aspects:
· Measurement performance of deactivated SCCs: How frequent and accurate measurements are required to enable SCC activation?

· Mobility evaluation: PCC mobility is assumed to be the baseline mobility performance. This is similar assumption as was made in e.g. [7] and [9].
· Gap usage: The usage of gaps could be benchmarked against the power consumption effects incurred by not using the gaps. Also the implications of RF reconfigurations should be accounted [6]
All these requirements aim to set requirements related to UE mobility. The simulation work could concentrate on studying whether carrier aggregation would set new requirements or allow some relaxations or simplifications to the existing requirements. 
2.2
Carrier Aggregation Scenarios

In [7] and [9], four different scenarios were proposed for studying both activation/deactivation and mobility in carrier aggregation. These scenarios are reproduced here in Table 1.
Table 1. Carrier aggregation deployment scenarios 1-4 (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.
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	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.
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	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.
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	4
	· F1 provides macro coverage and on F2 RREs 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 RRE cells can be aggregated with the underlying F1 macro cells.
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We see that studying these scenarios should provide good background information for the work on RRM requirements, making it easier to progress the RAN4 work. However, we would like to point out that focusing on Scenarios 2-3 would already provide enough input to the work: Scenario 1 is rather simple and likely to work with whatever scheme works for scenarios 2&3, and Scenario 4 is already a combination of Scenarios 2 and 3 (non-uniform coverage in CCs + different antenna bearings). Therefore, concentrating studies on the Scenarios 2&3 would efficiently yield results applicable for all the 4 scenarios.

As an example of high-level questions to be studied, we would propose at least following should be taken into account in the RAN4 studies utilising these scenarios:

1. How are the measurement requirements affected by the number of configured or active CCs?

2. Are there different requirements for active and inactive CCs? E.g. intra-frequency measurements for active CCs and inter-frequency measurements for inactive CCs?
3. Are there different requirements for mobility measurements and CC management measurements?

Note that for simplicity, each of the scenarios discussed here (and hence, in [7]) only considers two CCs, but the conclusions drawn here are not limited to only two CC cases. Furthermore we assume that UE capabilities would allow carrier aggregation with the discussed component carriers. (Note also that the usage of measurements in these scenarios was also discussed in e.g. [10] and [11].)

3
Initial Simulation Results for Carrier Aggregation
There are several non-trivial study aspects to be studied in the afore mentioned scenarios. For example considering  Scenario 2, how does the UE measurement activity affect SCC activation and deactivation? When considering only UE measurement based SCC activation or deactivation, the levels would need to be properly set  to provide best end performance. Also setting the measurement requirements as whole would need to be discussed so that they support good mobility performance while UE impact is kept reasonable. Selection of proper CC as the PCC for UE, and threshold/trigger of changing PCC and the corresponding levels will effect the evaluation. In principle  these are generic questions related to the RRM for the most, thus we have focused on simple activation and deactivation questions in the initial simulations shown in next sections. Naturally also other thresholds/triggers than UE measurement based could be envisioned for example for the SCC activation/deactivation, which would enhance the performance but these are not considered in these simulations. Similarly it was assumed that the SCC was always configured.
3.1
Initial Simulation results of Scenario 2: How frequently should deactivated SCCs be measured?
In this section, we present the simulation results from our initial carrier aggregation studies. These results were all done using a dynamic system simulator that models also the UE mobility and RRM algorithms, as well as the UE measurements. All the results presented were done using scenario 2 deployment. The measurement events A1 and A2 were used to activate and deactivate the capacity CC when RSRP of the SCC is better or worse than thresholds of the events. The thresholds are illustrated in Figure 1 below:
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Figure 1. Event A1/A2 thresholds for CC activation
Figure 1 also shows some initial thoughts about the PCC handovers, i.e. an example of how PCC selection could be done in (further) Scenario 2 investigations: In these simulations only the activation and deactivation thresholds were utilized, and the PCC handovers were disabled: PCC was always assumed to be CC1, i.e. the coverage CC. The measurement interval for the PCC was assumed to be 50 ms (same value as used earlier in RAN4 simulations for Rel’8 mobility), and SCC measurement interval was varied from 50-2000 ms. The measurements were filtered over 4 L1 samples, which means that the measurement period was 200-8000 ms.
The activation and deactivation of CCs were done based on the A1/A2 events configured according to the thresholds in Figure 1: When eNB received a measurement report, it would act accordingly. The activation or deactivation was not linked to UE buffer status in these simulations. This is not of course how the mechanism is likely to operate in reality, but here the intention was to see how much would the different thresholds and measurements periods affect the selected performance indicators.

The results of the simulations are shown in figures 2-7 below: The figures compare DL spectral efficiency, user throughput (5%/50%/95% percentile) and SCC activity time. 
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Figure 2 Spectral efficiency
	[image: image7.png]70

60

50

40

30

20

10

otn percentile DL user throughput ( opeed:3

150:500)

I
T
T
[ I

SccMP:200)
SccMP:800 )
SccMP:2000 )
SccMP:8000 )

A1 100

A1 .00

A1 -80

A1 70




Figure 3 5th percentile user throughput
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Figure 4 50th percentile user throughput
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Figure 5 95th percentile user throughput


Figures 2-5 show the spectral efficiency and user throughput percentiles for different SCC activation thresholds (i.e. A1 thresholds) and SCC measurement periods (= SccMP, in [ms] in the figures). It can be seen that the SCC measurement period does not have much impact when compared to the setting of activation threshold. It is especially noticeable that SccMP has almost no impact at all until the measurement period becomes very large. This suggests that it could be possible to relax the measurement activity on the deactivated SCCs, or at least that there is potential performance studies for relaxed SCC measurement requirements.
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Figure 6 Percentage of call duration when SCC is activated ( A1 threshold: -80dBm )
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Figure 7 Percentage of call duration when SCC is activated ( A1 threshold: -100dBm )


Figures 6 and 7 present the CDFs of SCC activation percentage: Each completed call represents one sample in a CDF, with the value expressing how large percentage of the call time the SCC was activated (i.e. the x-axis shows the percentage of call length during which SCC was activated). These curves show how often the SCC was activated during each UE’s call. The SCC measurement period does have an impact on these results: The longer the SCC measurement period, the more delayed the activation of SCC is, and the less time SCC is active. Especially, when the activation threshold is set to a loose enough value (e.g. -100 dBm here), the delay to activation, caused by less frequent measurements, does seem have an impact on the time SCC is active. However, we note that these percentages depend heavily on the call lengths and the impact is quite directly proportional to the call length; Also, the user throughputs were mostly unaffected, although the used infinite buffer traffic model is not the ideal for showing differences in user throughput. As discussed earlier the carrier activation/deactivation maybe based also to other metrics than UE measurements.
In summary, these results imply that the SCC measurement period does have an impact, namely, the UEs may be using SCC less often (with the activation assumptions used here), but without necessarily affecting user performance. This is a promising result for UE power consumption point of view, and would bear more detailed studies. These are discussed more in the next section.
3.2
Discussion on further mobility studies 
There are two obvious areas for carrier aggregation performance requirement studies in RAN4: Mobility measurements and CC management measurements. Since mobility would likely follow PCC (as proposed in e.g. [4], [7], [9]), and SCCs would likely only be tracked as resources for data rate improvement, mobility measurements should follow the Rel’8/9 requirements. So the main purpose of measurements from SCCs would be related to the CC management? Hence it could be considered whether the requirements for the measurements would be different from mobility related measurement requirements. The results shown in the preceding section indicate that studying this could be useful, since loosening the requirements could help in UE power consumption while still retaining the performance.
The results in section 3.1 were simple test to see how system and user performance (measured with user/cell throughput) would be affected by changing the measurement requirements. While the results clearly show indication of power saving potential with the measurement requirements of the SCC, there would be a clear need to study the area more. For example, the following questions would need answers:

· Is the activation/deactivation performance tied to the selection of the PCC? In these simulations, PCC was the coverage CC (i.e. CC providing best coverage), what if the capacity (i.e. lower coverage) CC was selected as the PCC?

· How much does the traffic model have impact on the user performance?

· Since RLF is only tracked for PCC (as per RAN2 agreements), is there a risk of causing more RLFs should the SCCs be measured less often when PCC is not the coverage CC?
· What would be a good measurement performance requirement for deactivated SCC?

Since these requirements are related to mobility or to effects due to mobility (e.g. CC becoming better/worse and needing activation/deactivation or handover), there would be need to do simulation studies on e.g. study topics listed above. Also, since mobility effects would need to be studied, the simulations would likely need to be dynamic system simulations to best consider the effects from mobility. In the simulations there is a need to analyse how sensitive the scenarios are to different conditions and parameterisations. For example, the following effects would need consideration:

· Mobility management: Since the network can be configured according to operator needs, there is a need to do some analysis on mobility performance sensitivity to different configuration. (For example: how fast the handovers are triggered, what L3 filtering is used, how the events are configured etc.)
· Service and Traffic model: Since UEs may be using very different services which may have very different QoS or delay requirements (e.g. VoIP vs. simple BE file downloading), it is not obvious which services and traffic models should be used in evaluations, and likely there could be a need to evaluate multiple ones. Furthermore different traffic models could be expected to have different ‘sensitivity’ to CC management delays.
· UE velocity: Since there is interest in studying mobility performance, different UE velocities should be accounted for in any mobility studies. 
· Network load and layout: While the scenarios from [7] roughly determine the network layout, the UE population in the network can vary (depending on the traffic in the network). Hence, probably different network load levels would need to be studied when analysing the performance requirements. Also, ISD could be varied to see how much difference there is between small and large cells.
We would like to invite more discussion on these, to better agree on simulation cases, priorities for them and a timeline for completing the studies. Also, there is a need to agree on the metrics for any simulation studies so that different companies are able to provide comparable results. There are several commonly used metrics (e.g. amount of handovers and RLFs for mobility performance, throughput and delay for QoS, etc.) that could be utilised: Some could be generally agreed, and there have been several previous studies in RAN4 on e.g. mobility performance, so some guidelines could also be adopted from those studies to provide comparability against the old results for Rel’8/9.
3.3
Proposal on Way Forward with Carrier Aggregation simulations 

Based on the discussion in previous section and in [4], we propose that e.g. the following simulation studies could be done in RAN4:

1. Measurement frequency study: Assuming UE measures deactivated SCC less frequently than PCC, how much is the performance affected? Could the requirements be based on e.g. measurement requirements during long DRX period or inter-frequency requirements? Assuming UE is required to measure N SCCs, could the requirements scale according to the number of measured SCCs? 
2. Mobility study: How does UE mobility work: If PCC is not the coverage CC, then measurements would need to enable eNB to make PCC handover decisions robustly enough: How much does the measurement period affect this? 
 We would also propose that at least the following metrics would be collected from all simulations (when relevant):

· User throughput: 5/50/95 – percentiles (to see how well bad/average/good users perform)

· Cell throughput or spectral efficiency (to see the effect to system performance on cell level)

· Time of SCC activity (to see how often an SCC is active during a call: This enables estimation of power consumption

· Of course in practise network can decide whether there is a need to activate CC. Thus in reality the CC would not probably be activated unless it is required.

· Amount of handovers, ping-pong handovers, RLFs and SCC configuration changes (i.e. activation/deactivation message) (to see effects to mobility)

· Amount of UL measurement reports (to estimate UL signalling overhead)

· Average cell load in UL/DL (to estimate the interference level present in the system)

Finally, we would note that the method how the activation or deactivation of CCs is done will have a huge impact on the results. In the preliminary simulations of this document, simple A1/A2-based activation/deactivation was used, but there can be other alternatives. To best align the simulations, we would propose that the at least one method for activation/deactivation would be agreed as baseline. This would provide comparability between the simulation results. Since the A1/A2-based scheme is such that already has been implicitly discussed in RAN2 (since the A1/A2 have been extended to be CC-specific), we would propose that the approach shown in this document (see Figure 1) could serve as a baseline. Other methods could be used, provided that the way the activation/deactivation is done is explained and the difference to the baseline is shown.
4
Conclusion

We discussed the mobility requirements for carrier aggregation from both mobility and component carrier management point of view. Initial simulation results were shown for measurements of deactivated component carriers, showing that there is potential for studying whether measurement requirements of deactivated SCCs could be different from those of activated SCCs. Based on the results, we also briefly discussed  the many aspects to consider for mobility requirements, and tentatively proposed that the scenarios from [7] could be used for the performance evaluation simulations. While the initial results shown seem to indicate the there could be possibilities for relaxing measurement requirements of SCCs, further and more accurate studies would be necessary to enforce that conclusion. There is a wealth of questions to be answered (see also the discussion in [4] and we would like to that RAN4 would consider agreeing on more concrete assumptions for further studies for CA performance. We have proposed an example of a way forward for RAN4 studies based on the scenarios from [7]. These should be discussed to produce a way forward document with more detailed simulation assumptions.
Annex A: Simulation Assumptions
A.1 Parameters

Table 1. Key simulation parameters
	Feature/Parameter
	
	Value/Description

	PCC/SCC configuration


	Operation Bandwidth
	5 + 5 MHz (Two CCs, 5 MHz BW each)

	
	PCC Frequency
	700 MHz

	
	SCC Frequency
	2 GHz

	
	eNodeB tx Power
	43dBm per CC

	Physical layer parameters
	IFFT/FFT length
	512

	
	Duplexing
	FDD

	
	Number of sub-carriers / CC
	300

	
	NW synchronicity
	Asynchronous NW

	
	Sub-carrier spacing
	15 kHz

	
	Resource block bandwidth
	180 kHz

	
	Sub-frame length
	1 ms

	
	Number of symbols per TTI
	14

	
	Number of data symbols per TTI
	11

	
	Number of control symbols per TTI
	3

	Simulation Scenario
	Carrier aggregation deployment scenario 2
	57 cell macro scenario

	
	Macro cell ISD
	500 m

	
	Antenna pattern
	70-degree sectored beam



	Propagation formula
	Distance-dependent path loss 
	2 GHz: 128.1 + 37.6log10(r)

700 MHz: 118.3 + 37.6log10(r)



	Shadowing 


	Standard deviation
	8 dB

	
	Correlation distance
	50m

	
	Correlation between sites
	1.0

	
	Correlation between cells
	0.5

	Channel profile


	Multipath delay profile
	TU

	
	UE Speed
	3 kmh

	
	Receiver
	2RX MRC

	RSRP measurements and handover parameters
	Measurement Bandwidth
	6 PRBs

	
	Measurement Interval
	50ms for PCC and

50, 200, 500 or 2000 ms for SCC 

	
	Measurement Period
	4 measurement samples

	
	(A3 event) Time-to-Trigger (TTT)
	256ms

	
	HO Margin (A3 event)
	3dB
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