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1. Introduction
In RAN4#61, the need for carrier aggregation demodulation requirements were discussed eg in [1]

 REF _Ref311112822 \r \h 
[2]

 REF _Ref311112823 \r \h 
[3]

 REF _Ref311112827 \r \h 
[4]. The conclusion of the discussion is captured in the chairman’s notes, and the following way forward was agreed

[image: image1]
In this contribution we provide system simulation results for CA scenario 3_1 and 4.
2. Simulation Assumptions

	Scenario 3_1
	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. Mobility is based on F1 coverage. F1 = {800 MHz} and F2 = {800 MHz } adjacent component carriers.   
	
[image: image2.emf]


Additionally if time allows, the scenarios 4 and 5 in the Annex B can also be simulated using adjacent 800 MHz carriers for F1 and F2. 

Instantaneous received power level differences of PCell and SCell should be collected. The total power level differences would also account power level differences due to different load situation but for the purposes of keeping simulations simple also instantaneous RSRP power differences between PCell and deactivated SCell could be collected when measurement samples for deactivated SCell are taken.

· ∆Ptotal_received_nstantaneous = PPCell_received_instantaneous – PdeactivatedSCell_received_instantaneous
· ∆RSRPinstantaneous = RSRPPCell_instantaneous – RSRPdeactivatedSCell_instantaneous
As a demodulation requirement has been proposed for a 6dB power difference, it is expected that RRM procedures are used to reconfigure the UE when excessive power difference is detected by the eNB. Hence conditional SINR statistics for both component carriers should be collected conditional on a limited power difference. UE impairments such as RF images do not need to be considered for the purpose of collecting statistics.

2.1
General simulation assumptions

UE velocity and network size
· Network layout and ISD : 19 sites with 3 cells/site for each CC, ISD = 500 m

· The third tier of the scenario may be simulated only on the level of interference. See Figure 1 for more details how the scenario layout (for a single frequency layer) looks like.
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Figure 1. Basic layout for the 19-site scenario. Statistics are collected from brown cells, UE may move within the green/brown cells and blue cells are only modelled as interference.
· The SCell coverage is rotated by 60 degrees relative to the PCell layout in figure 1 to create scenario 3_1
L1 measurement periods for RSRP evaluation

· L1 measurement parameters for PCells and SCells: 40 ms measurement interval with over 200 ms window (i.e. 5 samples/window) 

System load
·  (Average) System loading 

· Full load, Varying load with average [25%, 50%, 75%] resource utilization
2.2
Basic performance metrics for the simulations 

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

· : PCell/Scell received power difference: Measured as RSRP/received power difference between PCell and deactivated SCell (instantaneous) measurement result difference:

· ∆Ptotal_received_nstantaneous = PPCell_received_instantaneous – PdeactivatedSCell_received_instantaneous 

· ∆RSRPinstantaneous = RSRPPCell_instantaneous – RSRPdeactivatedSCell_instantaneous
Collected as CDF, with samples taken each time UE does a RSRP measurement and make comparison each time when measurements are taken 
· SINR distribution per CC

· Conditional SINR distribution per CC when RSRP difference is in the range of  <-5dB
3. Results for scenario 3_1
Figure 2 shows the statistics for  ∆RSRPinstantaneous = RSRPPCell_instantaneous – RSRPdeactivatedSCell_instantaneous
The RSRP measured throughout the network is independent of cell loading, therefore there are not different RSRP CDFs for different network loading. Short term fast fading due to the propagation channel was not considered in this result.
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Figure 2 : CDF of RSRP difference
Figure 3 shows statistics for  ∆Ptotal_received_nstantaneous = PPCell_received_instantaneous – PdeactivatedSCell_received_instantaneous with different levels of network loading. For partial load cases, the serving Pcell and SCell are 100% loaded (ie the served UE has a full buffer traffic model) and neighbour cells on both PCC and SCC have 25%/50%/75% RB utilisation.
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Figure 3 : CDFs of RSSI difference for different neighbour cell loading
Figure 4 shows SINR statistics for the SCell conditioned on the SCell RSSI being at least 5dB less than the PCell.
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Figure 4: SCell conditional Es/Noc, conditioned on SCell being 5dB or more weaker than PCell
Unconditional SINR statistics are also presented for completeness in figure 5
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Figure 5: SCell unconditional Es/Noc distribution
4. Results for scenario 4
In this section, we present results for scenario 4, where remote radio heads are used on frequency f2.

	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots
	
[image: image8.emf]


A similar RRH topology to that studied in [5] was used, and cases of cell centre and cell edge RRH were evaluated in the following network configurations
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Figure 6 : Scenario 4 with Cell Center RRHs and 2 RRHs per sector (100m distance between RRH to macro eNB) 
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Figure 7 Scenario 4 with Cell Edge RRHs and 2 RRHs per sector (200m distance between RRHs and macro eNB)
RSRP difference statistics are shown in figure 8. As expected, RSRP differences can be much greater than for scenario 3_1, as the PCell and SCell sites are different, as well as the transmitted power.
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	Figure 8a : Cell centre RRH RSRP difference
	Figure 8b : Cell edge RRH RSRP difference


RSSI difference statistics are shown in figure 9a and 9b for different network loadings; here the loading of the macro cells and the RRH cells is assumed to be the same, ie all cells expect the serving PCell and SCell have reduced RB utilisation.
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	Figure 9a : Cell centre RRH RSSI difference
	Figure 9b : Cell edge RRH RSSI difference


Clearly, it is possible for the RRH to have a much lower power than the macro network due to its “hotspot” nature. For the purpose of the study, we look at the conditional SINR distribution when the RSSI is between -7dB and -5dB lower. Unconditional SINR distributions are not evaluated because many UE are outwith the coverage of the RRH frequency layer. 
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	Figure 10a : Cell centre RRH Es/Noc conditioned on power difference between -7dB and -5dB
	Figure 10b : Cell edge RRH Es/Noc conditioned on power difference between -7dB and -5dB


5. Discussion
Based on the results for scenario 3_1 in figure 3, the worst case RSSI difference between the PCC and SCC is in the range of -4.8dB to -6.5dB at the 5 percentile point for different network loading. Hence, the 6dB power difference which has been proposed seems quite reasonable considering scenario 3_1, which may be an important scenario for intraband CA where coverage on both frequencies is not identical. 
For scenario 4, it is clear from figure 8a/b that very much larger power differences can occur, and for many UE which are not in coverage of an RRH, and for those UE f2 will need to be de-configured or at least the macro cell should be the PCell. On the other hand, the probability that the macro layer, f1, would need to be deconfigured appears to be quite small, even for macro cell edge located RRH.

Since RAN4 already indicated to RAN2 that 6dB power difference would be supported, conditional SINR is evaluated for scenario 4 around this point (between -5dB and -7dB power difference). Due to the more isolated nature of the cells, significantly higher SINR is experienced than for scenario 3_1.
Considering these results we therefore think that the methodology and justification for a demodulation requirement with high SINR and power imbalance has two stages

1. Additional supported power difference implies additional UE complexity and power consumption. Therefore, we think it is reasonable to dimension the power difference based on power difference results seen in scenario 3_1. From figure 3, it can be seen that power differences greater than 6dB are only experienced by a small number of users in light loading conditions and almost never when the network is loaded. It is true that if only scenario 3_1 is considered, then the median SINR of the SCell when the power difference is around 6dB is only in the range of 0.5 to 7dB. The 25dB IRR gives an effective SINR floor due to IQ image of (25-6)=19dB, so is never likely to be limiting to UE performance for scenario 3_1 deployments.
2. On the other hand, in past discussions it appears that operators do not wish to exclude scenario 4 or 5 from intraband CA. So it is necessary to ensure that UE performance is adequate and consistent if these scenarios are used. RRM strategies are needed. For cell centre located RRH, it appears to be sufficient even to use a very basic stategy such as never making an RRH the PCell, since the RRH layer almost never has a much greater power than the macro layer (fig 8a). For cell edge RRH a slightly more sophisticated procedure may be needed. Nevertheless, SINR experienced on the RRH layer can be very high due to the relative isolation of the cells.
Based on these considerations, we think it is important that the demodulation requirement is defined, so that release 10 UE are verified to be somewhat “future proof”. We acknowledge that even if some UE did not meet the proposed requirement (or it was not defined), no problems would be likely to be seen in the field for CA scenarios 3 and 3_1, since the weaker cell is anyway never likely to be received with very high SINR where the image rejection ratio would become limiting. On the other hand, if at a later time an operator decided to use an RRH deployment with the resulting higher SINR on SCells, quite different UE demodulation performance could be seen in the field depending on the receiver behaviour with imbalance. Hence it seems reasonable to define a minimum performance requirement for this case. We note that the SINR seen in figure 10a and 10b may be somewhat theoretical since eNB and UE receiver impairments were not included in the system simulation. However, the median SINR seen in the simulations in a range where image of around 15-25dB depending on network loading and RRH position.
6. Conclusions
Based on the results presented, we conclude that 6dB power difference is an appropriate testing point for carrier aggregation considering simulations of scenario 3_1. On the other hand, in past discussions it appears that operators do not wish to exclude scenario 4 or 5 from intraband CA, it is necessary to ensure that UE performance is adequate and consistent if these scenarios are used. RRM strategies are needed. For cell centre located RRH, it appears to be sufficient to use a very basic stategy such as never making an RRH the PCell, since the RRH layer almost never has greater power than the macro layer (fig 8a). For cell edge RRH a slightly more sophisticated procedure may be needed. Nevertheless, SINR experienced on the RRH layer can be very high due to the relative isolation of the cells. Based on these considerations, we think it is important that the demodulation requirement is defined, so that release 10 UE are verified to be somewhat “future proof”.
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Simulation assumptions to be provided by [Renesas].
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