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1. Introduction
During RAN4#56 and RAN4 2010AH#4 there has been considerable discussion on whether or not to allow RF retuning for deactivated intraband SCells. A related discussion is the RF image rejection performance of the UE when performing intraband carrier aggregation. There has also been an exchange of LS between RAN4 and RAN2 on the subject. The purpose of this contribution is to try to find a way forward with the issue, so that it does not continue to be a blocking factor for progress on carrier aggregation RRM and RF requirements in RAN4, and especially considering that RAN2 is urgently awaiting further information from RAN4 on this topic.
2. Discussion

From a UE perspective, two main benefits of allowing RF retuning when SCell is deactivated have been proposed

· UE power consumption can be reduced, especially in the analogue to digital conversion stages which can operate at lower sample rate and also potentially lower resolution when the signal bandwidth is lowered. There is not yet agreement in RAN4 on the extent of the gains, and as it relates closely to UE implementation aspects, it may be rather difficult to find a way in which differences of opinion can be resolved.

· Avoidance of RF images when Scell is deactivated and measurements are performed without gaps. This has been extensively discussed e.g. in [1] and is a topic not just related to measurements, but general receiver performance when a single receiver is used to demodulate an upper and lower carrier as indicated in figure 1.
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Figure 1: Direct conversion receiver architecture
IQ imbalance considerations mean that in general Pcell subcarriers will be impacted by an image from the Scell and vice versa as indicated in figure 2. 
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Figure 2 : IRR for adjacent carrier CA

RAN2 has also sent an LS on the topic to RAN4 in [2], which confirms their view that efficient RRM strategies can be used to address situations where there is a large power imbalance between carriers.

RAN2 would like to thank RAN4 for its LS where RAN4 indicated its intention to continue studies related to RF retuning at Scell activation/deactivation. RAN2 discussed possible power imbalance problems in relation to activation/deactivation and possible retuning and would like to inform RAN4 of the following.

RAN2 assumes that in all CA deployment scenarios the network is supposed to keep sufficiently low power imbalance between adjacent component carriers by utilizing efficient RRM strategies, for instance by keeping the PCell as the strongest cell and/or releasing any too weak or strong SCells (causing too big power imbalance). Thus power imbalance problem should not be related to activation/deactivation of Scells.
Actions:

RAN2 requests RAN4 to take this into account when doing the further studies on RF retuning which RAN2 is urgently awaiting.

3. Link level studies with power imbalance
In this section we evaluate the impact on throughput for different IQ amplitude imbalance, under the assumption that the wanted carrier needs to be received in the presence of a 10dB stronger unwanted carrier which falls within the DCR receiver bandwidth. Both ideal and realistic channel estimation was used and rate 5/6 channel coding with 64QAM was considered. Results are shown in figure 3.
The results indicate that in this case, with IQ amplitude mismatch ratio of 1.10 (corresponding to a fundamental IRR of approximately 26.5dBc); there is significant impact to throughput. On the other hand, an amplitude mismatch of 1.05 (corresponding to a fundamental IRR of approximately 32.25dB) gives a significantly better throughput, and approximately 2dB higher SNR is needed to achieve peak throughput compared with the reference case for perfect IQ amplitude balance.
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Figure 3: Link level results with 10dB greater power unwanted adjacent carrier

From these results we can conclude that even for moderate power imbalance, there could be a large difference between different UE implementations. In [3] it was proposed that 25dBc would be sufficient to deal with a moderate (e.g. 10dB) difference in carrier power, but the results in figure 3 indicate that  at least considering peak data rates with 64QAM and rate 5/6 coding a somewhat better SNR is needed. Naturally for lower modulation and coding the situation is less severe but nevertheless the results suggest two observations
Observation 1

· It would be valuable to have a requirement (e.g. in CA UE demodulation test cases) which verifies for intraband CA that the image rejection performance of UE at a particular CC power difference is acceptable. 

Observation 2

· It seems necessary to have some kind of understanding on the limitations in terms of power offset of intraband CA in order to perform the proper system design. For example, it is rather clear that even 10dB power offset is somewhat technically challenging, assuming image rejection ratio of 25dBc as proposed in [3]. As well as needed IQ balance, other aspects of UE implementation such as analogue to digital conversion, and digital baseband filtering become more challenging as carrier power difference increases.
While we agree with RAN2 understanding that efficient RRM strategies can mitigate the effects of carrier imbalance, there is certainly a point at which it becomes no longer feasible to perform carrier aggregation using a single LO DCR receiver architecture, and also considering baseband impacts. It would seem important that this minimum performance limit is openly discussed in RAN4 so that there are not differences in UE implementations which very significantly complicate the development of such RRM strategies for different deployment scenarios. In the next section, we examine power differences which may exist in CA scenario 4.
4. Power imbalance studies for scenario 4

In this section we present RSRP maps for scenario 4, which is based on remote radio heads and shown in figure 4

[image: image4.emf]
Figure 4: Scenario 4 with remote radio head (RRH)
 So far RRH has not been studied in detail for release 10 carrier aggregation work, and it is not our intention to start a major simulation campaign at this point of the work. Since there are not common simulation assumptions for any evaluation with RRH, we used the following approach. Remote radio heads with omni-directional antenna operating on CC1 were placed randomly throughout the coverage area. The RRH had a 20dBm maximum transmit power, compared with the 43dBm transmit power of the sectored antennas on CC0.
Figures 5 and 6 present the spatial RSRP map on CC0 and CC1 respectively, without shadow fading.
[image: image5.png]CC-0 Propagation

-70

-100

110

-120

900 1000 1100 1200 1300 1400 1500 1600




Figure 5: RSRP coverage map on CC0
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Figure 6: RSRP coverage map on CC1

Due to the lower transmit power of sites on CC1, the RSRP coverage of the RRH layer drops off much more rapidly than the RSRP coverage of the frequency layer.
In figure 7, we show the RSRP difference map
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Figure 7: RSRP difference (CC0-CC1)
As expected from the deployment scenario, rather large RSRP differences can occur especially due to the hotspot nature of the RRH deployment on CC1 and this is a challenging scenario for intraband carrier aggregation. Within short distances (e.g. around 50 meters) it is possible to go from the situation where CC0 is far stronger (e.g. 30-40dB) to the reverse situation where CC1 is far stronger.

While it would not be appropriate for 3GPP specifications to explicitly exclude attempting to use some features of carrier aggregation the geographical locations where true CA can be performed look to be somewhat limited. In order to perform system design and understand what would be possible, it is necessary for RAN4 to discuss the minimum performance requirements for UE as far as power differences are concerned.
5. Proposal for way forward
The results in section 3 and 4 suggest that it would be unwise for RAN4 to ignore power differences in different CA scenarios. Hence we suggest the following step-wise approach

1. RAN4 agrees typical power differences for which intraband carrier aggregation can be considered feasible for all UEs. This is an important attribute which in our view is necessary in order to have a common understanding about what kind of deployment scenarios and RRM strategies can be used. There is a strong risk that if this is not specified by RAN4 different implementations could have rather different performance assumptions and it would be hard to design network implementation and planning for carrier aggregation without a consistent minimum UE performance
2. Initial studies indicate that for 25dBc image rejection ratio the carrier imbalance which can be tolerated is less than 10dB. Pimbalance,max = 6dB seems feasible assuming 25dBc image rejection performance, but other company views would be necessary to conclude on this aspect, and it would also be important to consider other aspects than IQ balance.
3. Minimum performance requirements can be developed which verify the UE demodulation performance with a power difference between component carriers of Pimbalance,max ensuring that there is a limited impact to throughput on the weaker component carrier in this case.
4. Such a specification would ensure a consistent UE population which provides a basis for the proper design of deployments and RRM strategy, and can be expected to significantly ease the discussions on retuning and glitches. For example
a. It can be assumed that efficient network RRM strategies should limit the imbalance to Pimbalance,max in typical cases, so the need to retune to mitigate RF image on deactivated SCell affecting the PCell throughput is largely removed.
b. As discussed previously in RAN4, our view is that allowing or disallowing retuning is an implementation matter and should not be directly covered in specifications. However test cases could be developed which ensure that the impact of retuning is understood and predictable.
5. This would leave UE power consumption as an outstanding issue. As mentioned previously we think it may be rather hard for RAN4 to reach a definitive conclusion on whether there are significant benefits in retuning in case of deactivated SCells, since it is a commercially sensitive aspect of UE implementation. However, it would seem that SCells which spend a lot of time with downlink in deactivated state should anyway be deconfigured since from a system perspective it saves resources as well as improving UE battery life. So, to progress with the issue UE vendors could consider whether deactivated SCell power savings can be considered of secondary importance. In this case, the test case mentioned in section 4b could be developed on the basis that there should not be externally noticeable throughput impact caused by retuning.
6. Conclusions

This contribution has discussed further the need for RF retuning, especially related to image rejection performance of the receiver. We have proposed a way forward with this issue and primarily it seems necessary for RAN4 to specify minimum requirements for power imbalance situations in which intraband carrier aggregation can be performed. Assuming that this can be commonly agreed and facilitates efficient UE receiver architectures for carrier aggregation, it is hoped that this would offer a way to make progress on this issue.

7. References

[1] R4-103677, “Image Rejection in intraband carrier aggregation”, Nokia, Nokia Siemens Networks.
[2] R2-104958, “LS on power imbalance between adjacent component carriers”, RAN WG2

[3] R4-103776, “Carrier Imbalance and Carrier Activation/Deactivation”, Qualcomm Incorporated.

