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1 Introduction

In RAN1#53b, it was agreed to consider carrier aggregation (CA) in DL, i.e. several component carriers are used to extend system bandwidth beyond 20MHz [1]. The approach of CA can not only achieve higher peak data rate for LTE-A UEs, but also maintain backwards compatibility for LTE UEs easily [4]. 
This document will discuss some issues introduced by DL/UL asymmetric CA under different scenarios, i.e. cell-specific asymmetric CA and UE-specific asymmetric CA. Here symmetry/asymmetry means same/different number of carriers between DL and UL, in spite of bandwidth allocation for each pair of DL/UL carriers. 
2 Scenarios Discussion
2.1 Cell-specific asymmetric CA

This scenario is defined by that a cell has multiple DL component carriers associated with a single UL component carrier. As illustrated in Figure 1, broad arrow means the relationship of DL/UL carrier of a cell. 
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Figure 1 Structure of cell-specific asymmetric CA

As discussed in [2][4], when the network has larger DL bandwidth than UL, e.g. 40MHz in DL but 20MHz in UL, it can divide them into two 10MHz UL component carriers and two 20MHz DL component carriers, namely symmetric CA, or only one 20MHz UL component carrier and two 20MHz DL component carriers, namely asymmetric CA. Asymmetric CA is proposed for its potential benefits in [2].
It will be desirable that LTE UE can receive the data of each DL component carrier in the scenario of cell-specific asymmetric CA. Thus in this scenario, the single UL component carrier needs to allocate the resources for all facilitate UL control channels associated with multiple DL component carriers, as shown in  Figure 3(a).
2.2 UE-specific asymmetric CA

This scenario is defined by that the cell has the several coupled DL/UL carriers, and a UE can receive multiple DL component carriers simultaneously but only transmit on one specific UL component carrier. The UE is assigned to the DL/UL carriers in a static or semi-static manner, i.e. the UE will not switch its UL carrier frequently. 
Such a structure is illustrated in Figure 2, on basis of the configuration of (a), one UE is configured one UL carrier and two DL carriers.
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Figure 2 Structure of UE-specific asymmetric CA

The most important reason to support this scenario is the UE capability based on its RF/baseband architecture. From the implementation aspects discussed in [3], some UEs may have Tx capability limited to smaller bandwidths and would not be capable of aggregating UL carriers, so they should not switch UL carrier frequently to avoid the impacts on the connection of semi-persistent scheduling due to delay of RF convergence. 
On the other hand, different UEs may have different Rx capabilities due to RF/baseband architecture and different traffic requirements. In this case, different UEs aggregate different DL component carriers, including number and selection of carriers, which results in different UL control channels utilization on each UL carrier.  
This scenario may have no different impact on a UE compared to the scenario of cell-specific asymmetric CA, but from the system view, the resources of UL control channels for multiple DL component carriers on one UL carrier are mostly associated with UEs, so the resources of UL control channels allocation and some rules, e.g. PDCCH to ACK/NAK channel, are different from the scenario of cell-specific asymmetric CA.
3 Issues Discussion 
3.1 Cell-specific asymmetric CA
The backwards compatibility aspects to LTE UE on some physical channels were discussed in [2], where the network has multiple DL component carriers corresponding to one specific UL carrier. However, the cell ID allocation of each DL carrier is not mentioned in [2], and needs concern. In Rel-8 specification, the DL reference signal (RS) sequence, UL RS sequence group (used by RS for PUSCH, PUCCH, RS for PUCCH and SRS) and some other physical channels are all associated with cell ID acquired from SCH [5]. 
The question becomes how to allocate cell ID to each of the DL component carriers.

1. Same cell ID on each DL carrier

The same cell ID will generate the same DL RS sequence and scrambling code on each carrier based on the specification of Rel-8, which may increase PAPR of the DL signal when the eNB has single PA/RF chain. As discussed in [6], the PAPR of DL RS is a critical problem especially when power boosting for DL RS is applied. Furthermore, the scrambling code used to randomize the data bits is disabled when the scrambling codes of the two carriers are the same one. In this case some cross correlation property of the data bits will be remained, which will worsen the PAPR. 

Low PAPR is essential for LTE-A, because the larger bandwidth needs more challenging on hardware power backoff. Higher PAPR of DL signal should be avoided.
2. Distinct cell ID on each DL carrier

If the distinct cell ID is assigned to each carrier, the problem becomes in UL, e.g. UL RS. The UEs of one cell will use different UL RS sequence groups based on different DL cell IDs, and different RS sequence groups especially impact the orthogonality of PUCCH and its RS, as different sequences are not orthogonal between their cyclic shifts. 

In this way, different cell IDs for different carriers do not spend more cell IDs, on the contrary, for each frequency band there are still 504 cell IDs can be used.
3. Possible solutions
To solve these problems, the possible solutions could include alternative signaling or channel multiplexing.
· Use distinct DL cell ID for each DL component carrier, in order not to increase PAPR of DL signal, and combine the UL RS group ID of PUSCH and the DL cell ID to determine the value of “cell ID” used in all UL channels (including RS sequence group for PUCCH&SRS), since there is another 5bits signaling for allocating PUSCH RS group ID in Rel-8 [5]. 
· Use distinct DL cell ID for each DL component carrier, in order not to increase PAPR of DL signal, and in UL, PUCCHs corresponding to different DL component carriers will be limited to multiplexing only by TDM/FDM, not CDM.

3.2 UE-specific asymmetric CA

In both cases of cell-specific and UE-specific asymmetric CA, one UE may have several DL HARQ processes per TTI and it must feedback multiple ACK/NAK on one UL carrier, assuming each DL carrier contains PDCCH. The issue of multiple ACK/NAK feedback in one subframe was discussed in Rel-8 TDD, where some schemes can be reused and some schemes are different in LTE-Adv.
For cell-specific asymmetric CA, all the resources of UL control channels corresponding to each DL carrier will be allocated as shown in Figure 3(a). The more details were discussed in [2], it seems no obvious problem.  

But for UE-specific asymmetric CA, there will be different DL carrier configurations for different UEs as mentioned in Section 2.2 and allocating maximum resources of UL control channels to satisfy all kinds of UE capabilities will be inefficient from a overhead saving viewpoint. Figure 3(b) gives an example.
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Figure 3 Resources of UL control channels for different scenarios
In this scenario, the most important things are to make the PUCCH resource utilization more efficient, avoid more PUCCH overhead, and avoid the ACK/NAK channel mapping collision as there are multiple PDCCHs from different carriers relate with the same ACK/NAK channel probably. 
The possible solution can be to specify a pair of “anchor” DL/UL carriers and additional DL carriers to a UE, on this basis, 
· The scheme different from TDD may be used. It is possible that different DL carriers share the resource of UL control channels on UL carrier, e.g. multiple PDCCHs from different DL carriers will use the ACK/NAK channels jointly. In this way, it is likely to modify the mapping rule of PDCCH to ACK/NAK channel specified in Rel-8, and impose some limitations on scheduling to avoid ACK/NAK channel mapping collision.
4 Conclusion
This document discusses the scenarios of cell-specific asymmetric CA and UE-specific asymmetric CA and the related issues in LTE-A:
· Cell ID problem in case of cell-specific asymmetric CA;

· The resource of UL control channels and the mapping rule of ACK/NAK channel to PDCCH corresponding to multiple DL carriers, in case of UE-specific asymmetric CA. 

Our proposal is:
-----------------------------Text Proposal-----------------------------------------

The scenarios of cell-specific asymmetric CA and UE-specific asymmetric CA should be supported in LTE-A.
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� It is also possible to restrict the DL cell IDs so that the UEs can use the same sequence group, as there are 504 cell IDs and only 30 UL RS sequence groups. However, it is valid only for the case of UL RS sequence group planning not for the case of group hopping, as 504 hopping patterns are needed in latter case [5].





