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1. Introduction 

During Ljubljana meeting, one TB and one HARQ entity per component carrier is agreed. It also further agreed a UE may receive multiple component carriers simultaneously. It is also understood that UE can access different maximum numbers of component carriers for UL and DL. How to access those asymmetric multiple bands should be further investigated to archive good performance while have better compatibility with Rel-8.
2. Analysis for asymmetric cases
It is basically believed asymmetric UL/DL component carriers can be cased for two reasons: UE transmission ability or asymmetric spectrum allocation.
2.1 UE transmission ability
Generally speaking, the UL is facing more complexity increasing for expanding bandwidth. It is discussed in [1] that UE can achieve the LTE-A UL target rate by 40 to 60MHz. In DL, UE have to receive more than 40 MHz to archive the DL target. In low geometry area, the UE is not able to transmit multiple component carriers for its limited transmission power. In this case, multiple carriers UL will reduce power density and further raise the CM. However it is still well possible for UE to receive multiple DL carriers in this area. DL coverage is not limited by power as UL. Further, with CoMP, multiple carrier downlink receiving can achieve good performance even in cell edge. In the mean time, UL feedback should reach the comparable coverage and should be robustly designed.
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Figure 1. Asymmetric UL/DL due to UE transmission ability
Thus, UE should be able to operate in asymmetric way even with symmetric system bandwidth. In natural, this does not result any compatibility issue. 
2.2 Asymmetric spectrum allocation
RAN4 has done study on 11 scenarios of carrier aggregations with highest priority. In some scenarios, DL is allocated with more carriers than UL. In those asymmetric scenarios, UE can transmit less number of carriers than what it can receive. So, special design must be taken care for the 1UL to multiple DL mapping. Rel-8 compatibility has to be loosen in certain cases.
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Figure 2. Asymmetric UL/DL due to spectrum allocation
It should be noted, the asymmetric UL/DL spectrum can be allocated in the way of asymmetric size of UL/DL instead of asymmetric number of carrier. This can solve the pairing problem. However, this may cause unnecessary splitting of spectrum. Smaller carrier will result in less frequency scheduling gain and may cause more overhead for guard band. The following content basically is related with asymmetric spectrum allocation.
3. Default frequency separation
[3] has specified that the default UE TX-RX frequency separation should be fixed. However, the specification does not preclude using other separations. It should be clarified if the default separation table is the only possible frequency separation used by Rel-8 UEs. If yes, some of the carriers can not be accessed by Rel-8 UE due to asymmetric spectrum allocation as [2] stated. Thus, those carriers can be designed differently from Rel-8 compatible carrier. Different signal design should be allowed in those non-compatible carriers.
Although RAN1 is not the group to decide the default separation, it should be noted the LTE-A UE have to use various frequency separations. This is because of different numbers of DL or UL carriers can be simultaneously received or transmitted by a LTE-A UE as shown by Figure1. In Figure 1, the frequency separation will change if UE transmit in UL carrier 2, instead of carrier 1. In Figure 2, when there is asymmetric system spectrum allocation, SIB2 gives possibility to configure more than one DL for a UL carrier. This can be used for LTE-A system to configure 2 DL carriers for 1 UL carrier.
4. DL/UL carrier pairing 
To simplify the DL/UL resource reservation for channels like PUCCH and PHICH, a predefined pairing between DL and UL should be applied. This mapping should achieve good compatibility with Rel-8. We suggest using following pairing rules to implement predefined relation between UL and DL carriers.
4.1 Primary carrrier pair
Each band can be paired together with 1 to 1 mapping between DL and UL carriers. Those DL/UL pair can be fully accessed by Rel-8 UEs. In Figure 2, the DL CC#2 and UL CC#1 compose a primary pair. The DL CC#3 and UL CC#2 compose another primary pair. 
4.2 Secondary carrier pair
.Secondary pairing contains those component carriers not accessible by Rel-8 UE. In Figure 2, the DL CC#1 and CC#4 are secondarily paired with UL carrier CC#1 and CC#2, respectively.
4.3 Anchor carrier pair
LTE-A UE should stay in one pair of DL/UL carriers if it does not demand high data rate.. Power saving can be achieved by only monitoring one DL carrier and transmit in one UL carrier. This pair is noted as anchor carrier pair. LTE-A UE should be able to be scheduled by NodeB to anchor in a Primary Pair or a Secondary Pair. When demanding high data rate, LTE-A UE may need to activate more pairs in addition to Anchor Carrier.
For Asymmetric spectrum allocation, 2 active pairs may share one carrier. However, the resource reservation such as PUCCH can be separated within this shared carrier. For PHICH, every downlink carrier needs to reserve the resource. However, by proper load management across the LTE-A carriers, this will not lead to resource waste.
5.  Conclusions

In this contribution we give an analysis for asymmetric carrier aggregation. A simple solution is given to uniformly deal with asymmetric allocation. As conclusion, we propose:
1. UL/DL carriers should be paired 1 to 1 as specified in Rel-8 and the primary pair should be fully compatible to Rel-8. 
2. Secondary pairing can be created to include component carriers not accessible by Rel-8 UE in asymmetric carrier aggregation. .

3. A LTE-A UE can anchor in either primary or secondary pair.

4. We need clarification from RAN4 on Rel-8 UE frequency separation. If no possible for Rel-8 to access alternative separation, we should introduce extra design for not compatible carriers and distinguish it with full compatible carriers.
5. Unnecessary duplication of UL/DL feedback can be reduced if we apply these predefined pairing rules.
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