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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 simple proposal for how RAN4 could start the simulation evaluation of carrier aggregation measurement performance.
2
Simulations for RRM Requirements for Carrier Aggregation
Currently, RAN2 has been heavily discussing the activation and deactivation of component carriers, and there was an e-mail discussion about whether the activation/deactivation would be retained or removed. This document takes the viewpoint that either activation/deactivation is retained or at the very least, the measurement requirements of SCells can possibly be relaxed.

2.1
Carrier Aggregation Scenarios

Five different scenarios have been agreed in RAN2 as the baseline for studying both activation/deactivation and mobility in carrier aggregation. These scenarios are reproduced here in Table 1.
Table 1. Carrier aggregation deployment scenarios 1-5 (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.
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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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	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.
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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. 

· Scenario 2 considers a case where the PCell and SCell coverages can be different, but the underlying layout is the same. 

· Scenario 3 varies the layout of the scenario: PCell and SCell have different antenna directions in addition to operating on different frequency bands.

· Scenario 4 is already a combination of Scenarios 2 and 3 (non-uniform coverage in CCs + different antenna bearings)
· Scenario 5 is a combination of Scenarios 1 and 2 (some SCells have roughly equal coverage than their corresponding PCells due to the repeaters, while others do not). 

Therefore, doing studies on the Scenarios 2&3 would most efficiently yield results applicable for all the 5 scenarios.
2.2
Discussion on carrier aggregation simulations 
In the contributions to previous RAN4 meeting, three contributions discussed the question of how to proceed with the simulation work (see [2], [3], [4]). The common understanding in these seemed to be that

· The scenarios 1-5 (see Table 1) agreed in 3GPP should be used for the simulation evaluations

· CC management (i.e. SCell addition/change and PCell handovers) should be modelled in addition to normal mobility modelling

· Mobility could be based on PCell only, except for possible PCell changes that could also be based on measurements of SCells
Based on these (and [8]), we propose that the following simulation study would be the first to be done in RAN4:

· Measurement period for deactivated SCells: Assuming an SCell is deactivated, what is the L1 measurement period that would be sufficient to give good enough performance for UEs in carrier aggregation scenarios? Since this very much resembles the DRX measurement requirements already in Rel’8/9, the starting point could be to simulate carrier aggregation with different DRX cycle requirements for measurements. 

We detail the assumptions needed to be agreed for these studies in the following chapter.

3
Simulations Measurement Period of deactivated SCells
To better evaluate how the studies could be done, we present our opinion on how the simulations could be done for Scenarios 1-3. The requirements for simulations of Scenarios 4-5 can then be derived from these.
3.1
General aspects of measurements of deactivated SCells
UE velocity and network size
Since the purpose of the simulations is mobility, UE movement should be modelled, and different UE speeds should be considered. Also different ISDs should be considered, particularly for 120 km/h speed (e.g. to have meaningful scenarios). We propose the following (similar to proposal in [3]):

· UE speed/ISD combinations simulated: 3 and 30 km/h for ISD 500m; 3, 30 and 120 km/h for ISD 1732 m
L1 measurement periods
The measurement period for both PCell and activated SCells is simple: It should be according to Rel’8/9 baseline, i.e. the following:

· L1 measurement parameters for PCells and activated SCells: 50 ms measurement interval with over 200 ms window (i.e. 4 samples/window, Rel’8/9 baseline)

Based on this, we would propose that the following measurement periods could be evaluated for deactivated SCells:

· L1 measurement interval for SCells: 50 ms, 100 ms, 200 ms, 400 ms

· The corresponding measurement periods are 200 ms, 400 ms, 800 ms and 1600 ms

These are in line with those proposed in [4], and while the periods are not exactly according to RAN2-defined DRX cycles in Rel’8/9, they would be easy to understand (the periods are multiples of the Rel’8/9 periods.). Alternatively, if tighter match with the DRX requirements is desired, we would propose the following:

· L1 measurement interval for SCells based on following DRX cycles: No DRX (i.e. 50 ms measurement interval), 160 ms, 320 ms, 512 ms

· The corresponding measurement periods are 200 ms, 640 ms, 1280 ms and 2048ms

These would be better in line with the DRX cycles would perhaps produce results better comparable to current DRX requirements.
Mobility configuration
Since the question of mobility is obviously one of the most important ones in the evaluations, but there are multiple options associated with that, we would propose to have a simple PCell mobility as the baseline. More precisely, the following measurement events could be configured for the PCell:
1. A3 on PCell carrier
a. Triggering: When eNB receives measurement report of this event, it shall order UE to perform an intra-frequency handover to the target cell.

b. Parameters: HO offset = +3 dB, hysteresis = 1 dB, TTT = 256 ms

2. Inter-frequency A3 on all configured SCells’ carrier

a. Triggering: When eNB receives measurement report of such an event, if the cell in question is an SCell belonging to the same eNB than PCell, order UE to change the PCell to the triggering cell.

b. Parameters: HO offset = +3 dB, hysteresis = 2 dB, TTT = 512 ms

c. NOTE: This event is not needed in all scenarios – see chapter 3.

While this may seem overly simple, ensuring that PCell mobility works in the same way makes comparing the results easier. 
CC management measurement events 
The measurement events for CC management are of next importance after mobility measurements have been agreed. However, this aspect has more freedom than the PCell mobility: It would be likely that the trigger for e.g. activating a SCell would be based data arrival. Further, we would propose that as the baseline, all UEs start the connection initially at F1, i.e. the coverage layer. After that, the other rules for changing PCell would apply and be triggered according to UE conditions. Hence, we propose the following principles for PCell selection and activation/deactivation of SCells:
1. PCell is always at the coverage layer, i.e. F1 and all UEs have the SCell configured from the beginning of the connection. 
2. Any data at eNB buffer triggers request to activate the configured SCell
a. This means that data arrival will trigger eNB trying to activate the configured SCell. However, see next bullet point.
b. The eNB will also consider the information received from UE measurement events: It it has’nt received any measurement reports of events used for triggering SCell availability for the UE (or the eNB does not have a-priori knowledge of this), it will not activate the configured SCell.
3. Similarly, if eNB buffer becomes empty, wait for 200 ms and then deactivate all SCells.
While these high-level principles would govern the reasons for activation and deactivation, there are still some measurement events required:
1. Event C1 (SCell becomes better than threshold) is configured for each (deactive) SCell 
a. Parameters: Quantity = RSRP, Threshold = [-100, -90, -80, -70] dBm (i.e. varied in simulations),  TTT = 256 ms
i. NOTE: The threshold values depend on ISD; The above are for ISD = 500m, with 1732m ISD the values would be ~15 dB lower
b. Triggering: If C1 triggers, eNB to consider SCell as active-able for the UE
2. Event C2 (SCell becomes worse than threshold) is also configured for each (active) SCell. 
a. Parameters: Same as for C1above, except that the Threshold value = A4 threshold - 10 dB
b. Triggering action: If C2 triggers, eNB removes the configuration of the of the SCell, regardless of the SCell status (i.e. even activated SCell may be removed thus)

3. Event C3 (Neighbour (on SCell carrier) becomes offset better than SCell) is also configured for each SCell.

a. Parameters: Same as for PCell mobility

b. Triggering: If C3 triggers, SCell change is ordered if possible (i.e. the triggered cell belongs to the same eNB).
As is visible, these rules start to become relatively complex, even when trying to define a simple behaviour. However, the above try to cover all possible cases. As becomes evident later on, not all of these are needed in every scenario.
Traffic model and system load
Since traffic model plays an important role in defining when to actually activate an SCell, it is important to evaluate also other traffic models than infinite buffer. To make use of the activation/deactivation, we propose the following traffic models to be used:

· Infinite buffer: To see how large spectral efficiency and user throughputs are possible with carrier aggregation. However, the power consumption will be largest in such a case.

· Finite buffer: Each UE receives a 0.5 Mbits packet at 1 seconds intervals with 50% probability. Packet generation is done 30 times, i.e. the minimum call length for each UE is 30 seconds.

The idea of the finite buffer is to evaluate a case where users are/are not able to empty their buffer in time, with the ensuing effect to activated carriers and power consumption.

System load, i.e. how many users there, should also be agreed. We propose the following

· System loading: 1, 2, 5, 10, 20 UEs/cell (on average: Cell loading is constant and users are uniformly distributed at the beginning of the simulation).

Scheduler
Scheduler is also important for performance,  especially for finite buffer traffic, scheduler should consider the CQI information to have best system performance. We propose a similar TD/FD-scheduler division as was used earlier in LTE evaluations, i.e. one scheduler for TD and one for FD, with a fixed number of UEs scheduled/TTI.
· TD-scheduler: Round-Robin in time: User that has not been scheduled for longest time gets the highest priority. Maximum 6 users/TTI can be scheduled.

· FD-scheduler: Proportional fair according to CQI: Each RB is given to the user with the best CQI for that RB. This is weighted with the throughput that the user has been getting, so that users with lower throughput will also eventually get scheduled.

We also propose that the scheduling would be done independently for PCell and SCell(s): The allocations on PCell and SCell would not depend on each other. The schedulers would only consider what has already been scheduled for the UE (i.e. UE is not scheduled if its buffer is expected to be emptied by already scheduled allocations).
CC management actions
Both the activation/deactivation of SCells take some time, during which there may be impacts to UE behaviour. We propose the following:

· When SCell is activated or deactivated, a transient time of 8 ms is applied, during which the UE may not be scheduled in any cell.
· Changing SCell configuration takes 40 ms of time, during which the SCell is not usable. 
Shadowing
Yet another key aspect for any mobility simulation is the modelling of shadowing (also often called slow fading). We propose to use the same as already proposed in [3]: 

· Shadowing: UMTS 30.03 shadowing model with 8 dB deviation (same for both F1 and F2 in each scenario)
· Correlation: 1.0 for the same site (irrespective of the carrier frequency), 0.5 between different sites

Handover and RLF modelling
Since these simulations deal with mobility, both the handover processes and possibility for RLF should be modelled. We propose that handover delay in both preparation (i.e. handover request and response between eNBs) is modelled with a constant delay, for simplicity.
· RLF: Qout and Qin only tracked for PCell

· Handover delays: HO preparation delay = 50 ms, HO execution delay = 30 ms

3.2
Scenario 1 simulations
Since Scenario 1 has uniform coverage, the CC management simplifies greatly: SCells can be activated implicitly either all the time or whenever there is a need. No events are therefore configured for CC management: The SCell status will follow PCell mobility and need for activated SCells. The mobility configuration will be as follows:
1. A3 on PCell carrier (for triggering handovers)

Note that while there is no need to change the PCell for any UE, we propose that contrary to the baseline assumption, 50% of UEs should use F1 as PCell and 50% should use F2 as PCell. This ensures even loading on both carriers.

3.3
Scenario 2 simulations
The PCell and SCell will have different coverages in Scenario 2, hence something more is needed compared to Scenario 1. Even if no PCell handovers were to be configured and PCell was kept at the coverage carrier all the time, there is a need to detect when the coverage of the SCell would fail. Hence, we propose the following CC management events to be configured:
1. Event C1 (SCell becomes better than threshold) for each configured SCell (for triggering activate-able status of SCell)
2. Event C2 (SCell becomes worse than threshold) is also configured for each SCell (for triggering negation of event C1)
Further, we would point that while mobility would still be based on PCell, and since all UEs would have F1 as PCell, there is no need for events triggering inter-frequency PCell change.Therefore, only the intra-frequency mobility event is needed in Scenario 2:
1. A3 on PCell carrier (for triggering handovers at PCell carrier)

Note: Using this configuration means that the UEs will treat the SCell as just an extra resource.

3.4
Scenario 3 simulations
With Scenario 3, the situation becomes even more complicated than for Scenario 2. For this case, we propose that all the CC management events defined in section 3.1 are used, and also that similarly as in Scenario 2, PCell change is to be considered. Therefore, the events needed for CC management are:
1. Event C1 (SCell becomes better than threshold) for each configured SCell (for triggering activate-able status of SCell)
2. Event C2 (SCell becomes worse than threshold) is also configured for each SCell (for triggering negation of event C1)

3. Event C3 (Neighbour (on SCell carrier) becomes offset better than SCell) for each SCell (for triggering SCell configuration change)
And the events for mobility/PCell change are:

1. A3 on PCell carrier (for triggering handovers at PCell carrier)

2. Inter-frequency A3 on all configured SCells’ carrier (for triggering PCell change)
Since the cell antenna orientations are somewhat different in Scenario 3 (compared to Scenario 2), the user PCell distribution will be different.

3.5
Performance metrics for the simulations 
The following are proposed as performance metrics for all the simulations:

· SINR distribution per carrier (To assess the average situation of UEs’ performance on each carrier)
· Amount of RLFs, handovers and ping-pong handovers (to assess mobility performance), both intra-frequency and inter-frequency

· User throughput distribution per carrier (or 5%/50%/95% percentiles, to assess users’ performance and effectiveness of activation policies)

· Distribution of time spent with both carriers active (Each UE contributes one sample, relativised to the actual call time; to assess power consumption effects)

· Spectral efficiency per eNB per MHz per carrier (to assess differences in each carrier’s performance)

· RRC message activity in UL/DL (distribution of messages/UE/call for UL, DL and UL+DL; to assess the overhead caused by events configured for carrier aggregation)

· Average cell load in UL/DL (to assess the interference situation)

These are all rather simple metrics, so it should be obvious why they are to be collected from all simulations. 
4
Conclusion

We have proposed simulation assumptions to be used in RAN4 to progress the work on defining carrier aggregation measurement and mobility requirements. While the initial results shown in [2] 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. We have proposed an example of a way forward for RAN4 studies based on the scenarios from [11]. These should be discussed and hopefully a way forward document would be agreed in RAN4.
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