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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 some views on DL control signaling Design for LTE- Advanced.

2 Non-backward Compatible Consideration
According to the Prioritized Deployment Scenarios for LTE-Advanced proposed in [4], it is possible that asymmetric DL/UL configurations would be needed for the frequency bands currently supported by Release 8 UEs. As mentioned in [2] [3], in asymmetric aggregation scenarios (particular in scenarios with multiple DL carrier 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. 
However，It was noted that the use of other TX channel to RX channel carrier centre frequency separation is not precluded and is intended to form part of a later release in [5]. also, in current Rel-8 specifications, it‘s defined that eNB can transmit an “ul-EARFCN” value in SIB2 to inform the UE to transmit in a corresponding UL carrier. So the component carriers non-compatible to Rel-8 should be kept as similar to Rel- 8 component carriers as possible for less Standardization effort, and the chance of being compatible to a later release of LTE. 
It seems necessary to avoid Release 8 UEs accessing non-compatible CCs to comply the Tx-Rx separation. There are several ways to approach this .for example, introducing some changes to the synchronization and/or reference signal sequences on non-compatible CCs. In our opinion, any change in physical signal structure will cause LTE-A UE to double the corresponding procedure and is not preferable. A better way is using the existing Release 8 System Information like spare bits in MIB to inform the UE about the component carrier type. 
3 SCH and P-BCH 
Load balance between component carriers is crucial to achieve high spectrum efficiency and a fundamental need is that each component carrier is accessible for LTE-A UE. Also, the overhead of P/S-SCH and P-BCH is rather small, especially for large component carrier bandwidth. The transmission of SCH and P-BCH should be needed for all carriers no matter Rel-8 compatible or not. 
4 PCFICH

No additions to existing P-CFICH structure are envisioned. It is quite possible that the traffic load among component carriers is different. If control region sizes (PCFICH value) across all component carriers were same, it will cause scheduling restrictions or inefficient resource utilization due to excessively large control region on some component carriers. So it is preferable to set PCFICH value of each component carrier individually. However, for jointly coded PDCCH, the impact of erroneous PCFICH detection is more severe than separate PDCCH. To alleviate this problem, the resource allocation for each component carrier may include information on the starting symbols of each TB, as mentioned in [3].
5 PHICH 

Most of the main aspects for the PHICH transmission in LTE-A should reuse the ones in LTE, such as the number of repetitions for each PHICH, the modulation scheme, the use of orthogonal spreading for each PHICH group, the time and frequency resource mapping etc.
A straightforward solution is that PHICH resource is reserved in each DL component carrier. DL PHICH for a PUSCH transmission can be transmitted on the DL component carrier linked with the corresponding UL component carrier. In asymmetric aggregation scenarios with multiple DL carriers linked to a UL carrier, when a UE is assigned multiple DL carriers and the corresponding UL carrier, some rules is needed to identify the DL component carrier where the PHICH is located in. In asymmetric aggregation scenarios with multiple UL carriers linked to a DL carrier, it is more complicated. Whether this kind of scenarios is necessary need further consideration.
6 PDCCH

6.1  Some Issues about PDCCH Structure

As summed up in [6], there are several PDCCH Transmission/Coding Schemes for LTE-Advanced. Each alternative has its own pros and cons. To evaluate all these alternatives properly, some issues may need further consideration:
a) Blind detection complexity

Blind detection complexity is a major restriction for PDCCH design. The question is: what is the limit of the BD attempts? In [7], it was argued that the UE PDCCH decoding capabilities would improve in the same way as the PDSCH decoding capabilities need to improve for extended bandwidth, and increasing the number of BD attempts is not expected to be a major problem. If the BD complexity and corresponding power consumption of separate coded PDCCH scheme, which may scale linearly with the number of component carriers without any further restrictions, is acceptable, a reasonable upper limit of the BD attempts can be derived from that of the separate coded PDCCH scheme. It is noted that the larger number of BD attempts can bring more freedom for the eNB scheduler, also for joint PDCCH scheme. For example, with larger BD attempts, more DCI format sizes can be monitored and some kind of joint PDCCH scheme with dynamical DCI format size can be realized. Also, larger BD attempts may affect the function and definition of “anchor carrier” proposed by many companies, cause compared to the scheme of PDCCH on specific component carriers, PDCCH on any one of the assigned component carriers can be more flexible and achieve better scheduling gain.
So, a common understanding of Blind detection complexity is needed and will accelerate the PDCCH design. 

b) Overhead
According to [8], The LTE-A system should be able to support more active users than LTE system in a same bandwidth. Overhead reduction seems to be a possible way to achieve this. Total overhead of joint PDCCH is smaller than that of separate PDCCH when the UE is scheduled from all the assigned component carriers. However, on the other hand, if the joint PDCCH uses a fixed DCI format combination, the overhead could be excessive whenever the UE is scheduled only on some of the component carriers. A better solution is Dynamic size joint PDCCH. Since multiple PDCCHs with different DCI formats combined would result in a large number of possible sizes, the blind decoding complexity becomes a bottleneck .Some mechanisms should be introduced to inform the UE about the actual DCI formats of the joint PDCCH. Some methods had been proposed in [9] [10].
c) Performance
Compared to separate PDCCH, joint PDCCH has disadvantages such as higher PDCCH blocking probability, more severe Impact of erroneous PCFICH detection, as mentioned in [7].however, in most of deployment scenarios, schedulers for different component carriers can operate in a co-ordinated manner and the scheduler has the flexibility of assigning resources for multiple component carriers from the best carrier (e.g., the one with strongest CQI); this flexibility helps to improve control signalling efficiency and robustness of system operations. When evaluating the options of separate and joint PDCCHs, Comparison based on a component carrier of LTE-A system with corresponding LTE system is not good enough. In our opinion, without considering other factors, the effect on throughput is not expected to be significant between the separate and joint PDCCH approaches. The performance difference of having separate/joint PDCCH should be further studied considering the overall system operation regarding e.g. the scheduling strategy.
6.2  Dynamic Size Joint PDCCH Structure

Based on the issues discussed above, dynamic size joint PDCCH has the smallest overhead at the cost of larger blind decoding attempts. Some general options are listed for dynamic size joint PDCCH design illustrated in Figure 1.
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Figure 1: dynamic size joint PDCCH for LTE-A
· Option 1:
If large number of blind decoding attempts (e.g. scale linearly with the number of component carriers) is allowed, more DCI format sizes can be monitored and some kind of dynamic size joint PDCCH can be realized. For example, each component carrier is assigned a subset of the possible DCI format combination via higher layer signalling and performs blind decoding for the assigned DCI format. The subset of each component carrier depends on the sizes of the DCI formats, the allowed number of blind decoding attempts. In Figure 1, DCI format assigning resources for one component carrier is assigned to component carrier#1; DCI format assigning resources for two component carriers is assigned to component carrier#2, and so on.
The advantages of this option are: higher flexibility in different component carriers, less overhead. Also, it will help to alleviate the PDCCH blocking probability.
· Option 2:

The primary PDCCH is composed of the DCI of the prime carrier and an index which is used to inform LTE-A UEs to find the carrier where the secondary PDCCH is located in and the corresponding DCI format. The secondary PDCCH is composed of multiple carrier DL and/or UL assignments. It is noted that primary and secondary PDCCH is transmitted simultaneously.
Since 2 bits per component carrier will be enough to inform the LTE-A UE about the DCI format of the relative component carrier, it will not cause a significant overhead increase and deteriorated performance, assumed the same CCE aggregation level is used as the DCI format without the index in most cases. The advantages of this option are simple specification process; higher flexibility in different component carriers; less number of blind decoding and less overhead. Also, it will suffer a little higher miss probability.

On the other hand, this option has an additional dependency in the decoding chain, as mentioned in[7].however, the impact on coverage/performance needs further investigation from a overall system operation view.
· Option 3:

The primary PDCCH is composed of an index which is used to inform LTE-A UEs to find the carriers where the secondary PDCCH is located in and the corresponding DCI format. The secondary PDCCH is composed of multiple carrier DL and/or UL assignments and transported on multiple assigned component carriers. It is noted that primary and secondary PDCCH is transmitted simultaneously.
To avoid increasing the number of blind decoding attempts significantly, some information about the used CCE of each assigned component carrier can be included in the primary PDCCH. 4-5 bits per component carrier will be enough to inform the LTE-A UE about the CCE start position (relative offset to the position decided by the UE ID) and the CCE aggregation level on each assigned component carrier.
The advantages of this option are simple specification process; higher flexibility in different component carriers; less number of blind decoding and less overhead. Also, it will help to alleviate the PDCCH blocking probability.
This option also has a decoding chain problem. The impact on coverage/performance needs further investigation from an overall system operation view.

7 Conclusion
In this contribution, we provide our view on DL control signaling Design for LTE- Advanced. We also discuss some issues about PDCCH structure and proposed some dynamic size joint PDCCH structure for LTE-A.
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