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Discussion 

1. Introduction
In [1], the need for additional tests for CA power imbalance was questioned. While we fully support the principle that RAN4 should not develop requirement scenarios in areas where there is already sufficient coverage provided by existing requirements, we note that there has been very extensive discussion and system simulation of CA with imbalance throughout 2010 and the early part of 2011. The purpose of this contribution is to provide a review of the work that was previously performed. This is intended to assist RAN4 in considering whether the requirement proposed can match to an anticipated deployment. Additionally, we provide views on whether the SDR test provides sufficient coverage in this area.
2. Discussion

Discussion about CA with imbalance began in RAN4 2010AH#4 when RAN2 sent RAN4 an LS regarding Scell activation and deactivation. Specifically the initial LS was about whether to allow retuning of an intraband CA receiver when the SCell is deactivated and the what would be the impact of SCC measurement activities if retuning was allowed. The LS asked RAN4 about the possible benefit to UE power consumption if retuning was allowed, but another important benefit of retuning can be to mitigate the effects of power imbalance to the UE receiver by allowing switching to a narrower bandwidth.
The outcome of this discussion from a measurements perspective was that RAN4 considered that configurability of the deactivated SCell measurement cycle was beneficial, and that retuning should be allowed for deactivated SCell measurement cycles ≥640ms, with restrictions on the packet loss that could occur due to the retuning (0.5% packet loss limit). 
To reach this conclusion, RAN4 performed an extensive simulation campaign under commonly agreed assumptions (see eg [4] and [6] and results were provided by multiple companies including Nokia, Nokia Siemens Networks, Huawei and NTT Docomo for example in [3] ,[5], [9], [10] and [11]. While the simulations were partly targeted at evaluating the effects of different deactivated SCell measurement rates and periods on system performance, it should be noted that the original reason for starting the study and seeking to see to what extent the SCell measurement rate could be limited without harm to the system was because of retuning glitches. Hence RAN4 started to discuss image rejection, and in the updated simulation assumptions [7] a new scenario 3_1 was added which was similar to CA scenario 3, but with both component carriers adjacent on 800MHz.
	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.   
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Furthermore, the simulation assumptions indicated that if time allowed, scenarios 4 and 5 in the Annex B could also be simulated using adjacent 800 MHz carriers for F1 and F2. The simulation assumptions covered collection of power difference metrics as follows.
For studying potential image problem it would be important to understand power differences between component carriers e.g. how much higher received power level of deactivated Scell can be the received power level of Pcell. For this purpose it would be good to gather statistics of instantaneous received power level differences of PCell and SCell. 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
For the purposes of this work, there was offline discussion including operators on whether scenario 3_1, or scenario 4/5 could be eliminated from the studies, but at least at that time there seemed to be a desire that more challenging scenarios would be included in the scope of the work and accounted in RAN4 studies. Corresponding results for power differences have been made available, for example in [11] for scenario 3_1.

In [1], views are provided by one company on what they consider to be likely scenarios for intra-band and inter-band CA. 

The most likely carrier-aggregation scenarios of those listed in 36.300 are

1. intra-band, F1 and f2 in same operating band (Case #1)

2. inter band, F1 and f2 different operating bands (Case #2)

3. inter band, F1 and f2 different operating bands (Case #3)

4. inter band, F1 and f2 different operating bands (Case #4)

5. inter band, F1 and f2 different operating bands (Case #5)

Considering that the scenarios considered as “most likely” in [1] are not completely aligned with the previous simulation campaign performed in RAN4, it would seem beneficial to discuss again the applicability of scenarios 3-5 to intra-band CA. Depending on the outcome of this discussion, RAN4 can conclude whether the previous system simulation results on power differences eg for scenarios 3_1 and 4 may need to be accounted in release 10 demodulation requirements. Reference [1] does acknowledge that there may be exceptions to this list of likely scenarios.
For now, we take the working assumption that there is still operator interest in scenarios 3-5 as was expressed previously. In this case it is likely that efficient RRM strategies such as those indicated by RAN2 in [13] need to be used to manage the power imbalance at the UE. Our view here is that UE demodulation minimum performance requirements and RRM strategies are closely related. If no minimum performance requirement exists then there is the possibility that different UE implementations have very different performance in this aspect – for example it can be envisaged that certain UE may use multiple receiver chains and not be much affected by imbalance, whereas others might have a very limited ability to cope with different CC powers even if it meets the 25 dB IRR RF core requirement. Our view is that it would be highly beneficial to understand minimum UE performance in this aspect so that there is a basis for the RRM strategies that RAN2 proposes. For example, if too weak or too strong Scells are going to be released (as indicated as an option in [13]) then what difference in power is feasible before the SCells need to be released? Some consistency in UE minimum performance seems to be necessary to answer this question.
In [1] the proposal is that if scenario 3_1 and 4 need to be accounted, a study is performed with larger dynamic range, larger power differences and different channel profiles. For this, we note that support for a larger dynamic range has significant implications for UE complexity, cost and power consumption. Already a CA capable UE must support increased bandwidth, and similarly to release 8 devices the receiver must have sufficient dynamic range to account for rel 8 RE boosting/deboosting and fast fading. Support for additional dynamic range is a rather fundamental aspect on which to be commencing a new study, especially as the release 10 CA core work item has been closed for some meetings. Therefore we think it is appropriate to consider instead following the previous agreements which were made in this area [14], [15] and have already been informed to RAN2 by LS. Considering scenario 4 especially, it would seem that depending on the location of the remote radio head very large power differences can exist between the component carriers, and no low cost direct conversion single branch receiver can reasonably support aggregation of a weak macro cell and a strong RRH. Thus, regardless of the outcome of the proposed study, RRM strategies would additionally be needed to facilitate the cases where the power difference is excessive. 
It is also argued in [1] that the SDR test provides verification of a 25dB IRR. Based on the results provided in [1] this is theoretically true; as noted in the contribution with a 25 dBc image rejection ratio, the input SNR needs to be at least 22.5dB to meet the rel9 SDR requirements and with a worse IRR it is likely that the UE will fail the test considering other RF impairments. On the other hand, we think that in practice image rejection ratio is not the only RF impairment which specifically becomes more critical in the CA imbalance case, and the RAN4 requirement would in the end verify the entire receiver implementation in RF and BB. As with other requirements, image rejection ratio has been explicitly modelled in the simulations because there are RAN4 agreements and specifications for RF image; on the other hand when companies provide their realistic results with implementation margin in RAN4, other impairments will clearly be considered. For this reason we think there is some merit in verifying UE performance with a power imbalance.
3. Conclusions

The purpose of this contribution is to provide some insight into the background for developing a CA demodulation test with power imbalance. While we fully agree that additional requirements should not be defined by RAN4 where the requirement is implicitly tested already, we think that given the very extensive discussion that has taken place over the last 16 months or so, it would be preferable to define some UE FDD and TDD requirements with a power imbalance unless it can be agreed that deployments such as scenario 3_1 or 4 will not be used with intra-band CA.
If this cannot be agreed, then we do not think it would be beneficial to embark on further studies with larger dynamic range, larger power differences and different channel profiles at this stage in the release 10 CA work. Image rejection ratio and dynamic range are fundamental aspects of the CA core work which should already be complete. In addition, RRM strategies as indicated by RAN2 in [3] are very likely to be needed for supporting demanding scenarios with any practical low cost direct conversion receiver and it would be better to ensure that minimum performance is tested based on the previously agreed way forward in [14], unless the scenarios can be agreed not to be important for rel10 intra-band CA.
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