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1 Introduction

In RAN1 #55bis meeting, it was agreed that:

· There is one transport block (in absence of spatial multiplexing) and one HARQ entity per scheduled component carrier (from the UE perspective)
· A UE may receive multiple component carriers simultaneously
Also, it is proposed that [1]:

· It shall be possible to configure all component carriers LTE Release 8 compatible, at least when the aggregated numbers of component carriers in the UL and the DL are same. Consideration of non-backward-compatible configurations of LTE-A component carriers is not precluded
In this contribution, we provide views on some issues about bandwidth extension for LTE-A.

2 non-backward compatible consideration

Backward compatibility is one of the major issues of carrier aggregation. According to the Prioritized Deployment Scenarios for LTE-Advanced proposed in [2], it is possible that asymmetric DL/UL configurations would be needed for the frequency bands currently supported by Release 8 UEs. As mentioned in[3]
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[4], in asymmetric aggregation scenarios (particularly in scenarios with multiple DL carriers linked to a UL carrier), some DL component carriers may be non Rel-8 compatible due to the only default Tx-Rx separation tested by the current RAN4 conformance specifications.

There are two options for the design of non Rel-8 compatible component carrier:

· Option1:stand-alone
It means that on this kind of carrier, all the functions (e.g. initial access, hand over, camping on, etc) defined for a Rel-8 compatible carrier can be performed by a LTE-A UE. For carrier aggregation, the network can treat this kind of carrier just like Rel-8 compatible component carrier.
A straightforward solution for the design of this kind of carrier is reusing the channel’s structure of Rel-8 compatible component carrier, i.e. including PCFICH,PDCCH,PHICH,PBCH,SCH etc.However, it seems necessary to avoid Release 8 UEs accessing non-compatible CCs to comply with the Tx-Rx separation and accelerate the access procedure. There are several ways to approach this; for example, introducing some changes to the synchronization and/or reference signal sequences on non-compatible CCs. However, any change in physical signal structure will increase the complexity of LTE-A UE. Another way is using the existing Release 8 System Information like spare bits in MIB to inform the UE about the component carrier type. But this method may require modifications in Rel-8 standards. Further investigation should be needed to provide an efficient way to distinguish different component carrier types. 
On the other hand, if some skillful new designs with relative low complexity can improve system efficiency greatly, optimization for stand-alone carrier is still preferable. 

· Option2:non stand-alone 
This kind of carrier has simplified channel structures and can’t stand alone. It means that on this kind of carrier, not all the functions (e.g. initial access, hand over, camping on, etc) defined for a Rel-8 compatible carrier can be performed by a LTE-A UE, some assistant signaling from other component carriers is needed. An example of this kind of carrier is the “PDCCH-less” carrier proposed in [5]. It is claimed that some cell throughput gain can be achieved by applying this kind of carrier [6]. However, spectrum efficiency loss may be caused by some factors e.g. increasing PDCCH blocking probability due to the increasing amount of scheduling requirement on the carrier which conveys the scheduling information of the “PDCCH-less” carrier, unbalanced load between component carriers, etc. So further investigation is needed to evaluate this kind of carrier.
According to the discussion above, option 1 seems to be preferable to option 2. So we propose that non Rel-8 compatible component carrier should be “stand-alone” and the channel structure of this kind of carrier is FFS.

3 carrier aggregation for LTE-A UE
RAN4 has done study on 11 scenarios of carrier aggregations of highest priority [4]. These scenarios can be classified into two categories: symmetric and asymmetric UL/DL spectrum allocation, examples are shown in Figure 1and Figure 2
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Figure 1. Symmetric UL/DL spectrum allocation
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                  Figure 2. Asymmetric UL/DL spectrum allocation 
A LTE-Advanced UE may be scheduled on multiple DL and UL component carriers and the pairing between the DL and UL component carriers can be cell-specific or UE-specific (signaled by higher layers).
· cell-specific DL / UL pairing:

For symmetric UL/DL spectrum allocation, each DL component carrier has a cell-specific paired UL component carrier. For asymmetric UL/DL spectrum allocation as shown in Figure 2, each DL component carrier can also has a cell-specific paired UL component carrier as proposed in [7]. Carrier aggregation of a LTE-Advanced UE should be based on cell-specific DL/UL pairing i.e. a LTE-Advanced UE should be assigned multiple cell-specific DL/UL pairing carriers. In the situation where the UE has asymmetric UL/DL capability e.g. wider DL bandwidth, some mechanism should be introduced to select some of the assigned UL carriers or dynamically switch between the assigned UL carriers.

This kind of UE’s carrier aggregation may simplify the design of control channels. For example, In asymmetric aggregation scenarios with multiple DL carriers linked to a UL carrier, there should be only one DL PHICH for a PUSCH transmission and some rules is needed to identify the DL component carrier where the PHICH is located in. A cell-specific PUSCH to PHICH linkage can efficiently avoid possible PHICH collision shown in [6] and simplify the planning of PHICH resource reservation. 

· UE-specific DL / UL pairing:

A LTE-Advanced UE may be scheduled on multiple DL and UL component carriers and the pairing between the DL and UL component carriers is UE-specific and signaled by higher layers. Thus different LTE-Advanced UEs in a cell can have different UL/DL component carrier configurations. There can be both symmetric and asymmetric pairings between DL and UL component carriers meaning that a DL component carrier can be associated with several UL component carriers and vice versa[8].
This kind of UE’s carrier aggregation may have more scheduling flexibility. However, some factors may degrade the potential gain in flexibility, such as complicated DL/UL resource reservation for channels like PUCCH and PHICH, possible extra signaling overhead for system information, scheduling limit due to potential collision in PUCCH and PHICH, etc.
According to the discussion above, for carrier aggregation of LTE-A UE, cell-specific DL / UL pairing seems preferable to UE-specific DL / UL pairing from the viewpoint of standard efforts. However, further investigation should be needed to thoroughly evaluate these two options. 

4 PDCCH
In RAN1 #57 meeting, it was agreed that:

· Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits

· In case of 0 bits, no carrier indicator
Adding an additional carrier indicator means that one PDCCH can indicate an allocation on the same or a different CC. The carrier indicator seems necessary in some scenarios as listed below:
1． LTE-A UE is assigned more UL component carriers than DL component carriers; 
2． Some aggregated component carriers are not configured with PDCCH field [5][10]. 
Furthermore, this additional carrier indicator field may enable the possibility of frequency scheduling of the PDCCH. Selecting carriers with good channel condition (higher SNR or less interference) may help to improve PDCCH blocking probability and efficiency of resource usage. Also, it is important in a heterogeneous network deployments (e.g. with macro and femto/relay) with range expansion [9].

However, this kind of PDCCH may have some disadvantages:

· The impact of erroneous PCFICH detection is more severe;
· Without any restriction, each PDCCH can transmit on any assigned DL component carriers. It is quite possible that the assigned component carriers may have different DCI format sizes due to different transmission modes and/or different carrier bandwidths. So the UE may have to check all the possible DCI formats on each assigned DL component carrier and the number of blind decoding attempt will increase dramatically. 
· If introducing some kind of restriction e.g. PDCCH only transmitted on some particular DL component carriers (anchor carriers), the number of blind decoding attempt can be reduced, but due to the limitation on the size of UE specific search space, PDCCH blocking probability will increase and degrade the flexibility of frequency scheduling. The PDCCH load balancing among multiple CCs needs to be considered.
Based on the discussion above, it can be seen that the necessity of additional carrier indicator depends on the scenarios of carrier aggregations and the design of non Rel-8 compatible component carrier. Also, to fully exploit the scheduling flexibility brought by the PDCCH with carrier indicator, some transmission mechanisms of PDCCH and methods of reducing blind decoding complexity should be needed.   
5 Conclusion

In this contribution, we provide views on some issues about bandwidth extension for LTE-A as following:

· Non Rel-8 compatible component carrier should be “stand-alone” and the channel structure of this kind of carrier is FFS.
· For carrier aggregation of LTE-A UE, cell-specific DL / UL pairing may simplify the design of control channels.The benefits of UE-specific DL / UL pairing should be further studied.
· The necessity of DCI format with an additional carrier indicator depends on the scenarios of carrier aggregations and the design of non Rel-8 compatible component carrier. Some transmission mechanisms of PDCCH and methods of reducing blind decoding complexity should be needed.
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