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1 Introduction

At the RAN1 #58 meetings, a way forward on the PDCCH design for carrier aggregation (CA) was approved [1], including that one PDCCH can assign data transmission on the same (option 1), or different component carrier (CC) with the carrier indicator (CI) field (option 2), and limiting the number of blind detections (BD) is desirable.
In this paper, further considerations for option 2 are analyzed based on some key issues such as CC set definition, CI field, etc.
2 CC Set definition
According to the conclusions of RAN1 #57bis meeting [2], some CC set definitions were defined as following, and it was agreed to introduce UE DL CC set, but whether to introduce UE PDCCH CC set and UE UL CC set was FFS.

· UE DL CC Set: The set of DL CCs configured by dedicated signalling on which a UE may be scheduled to receive the PDSCH in the DL.

· UE UL CC Set: The set of UL CCs on which a UE may be scheduled to transmit the PUSCH in the UL.
· UE PDCCH CC Set: The set of DL CCs on which a UE monitors PDCCH(s), and it may be a subset of UE DL CC Set.

2.1 UE PDCCH CC set

Option 2 would typically be applied for the scenario of heterogeneous network (HetNet) [3], if inter-cell interference coordination (ICIC) for control channels is needed. For this, a UE PDCCH CC set could be relevant. However, for UEs in rather good conditions, any CC in the cell may be used to transmit PDCCHs without performance loss and the need for a UE PDCCH CC set appears less. For these UEs,  the UE PDCCH CC set could implicitly be obtained as the UE DL CC set , which would facilitate PDCCH load balance among multiple CCs. Alternatively option 1 can be configured. 
Another viewpoint for introducing UE PDCCH CC set is to reduce PDCCH BDs with the assumption that the search space (SS) size per CC keeps the same as Rel-8 [4]. However, the number of PDCCH BDs may be still large with different transmission modes among aggregated CCs, and the worst case is when UE PDCCH CC set is equal to UE DL CC set. Moreover, the PDCCH blocking probability is increased, especially when UE PDCCH CC set has just one CC, which introduces large scheduling restrictions. Hence the issues with PDCCH blocking and blind decoding should be handled if a UE PDCCH CC set should be defined. 
Proposal 1: PDCCH blind decoding and blocking issues should be considered if a UE PDCCH CC set is to be introduced.
2.2 UE UL CC set

One motivation for a UE UL CC set would be to facilitate UE-specific interpretation of the CI field for the PUSCH transmissions where a UE does not need to see all the UL CCs and the system expandability is good, see Sec. 4.2. A UE UL CC set could be signalled explicitly by UE-specific RRC signalling. However, implicit signalling methods as outlined below may also be feasible and should then be of primary focus.
Firstly, eNB has to configure the UE on which set of UL CCs to transmit sounding reference signal (SRS), and then UE can be scheduled within this set, without which, eNB should let UE send SRS at all UL CCs in order to schedule the UE effectively which will waste SRS resource even eNB have no intention to schedule the UE. Therefore, UE UL CC set can be implicitly corresponded to the UE SRS CC set.

Secondly, the UL transmission modes may include UL SU-MIMO and non-contiguous resource allocation, and probably these could be configured independently per CC. In analogy to the PDSCH, it is anticipated that the UE would be configured by higher layer signalling to monitor certain DCI formats and thereby perform PUSCH transmissions according to some transmission modes. Therefore, from an UL_grant BD point of view, UE UL CC set can be implicitly corresponded to the set of CCs where the UL transmission modes are configured by eNB.
Proposal 2: To facilitate UE-specific interpretation of the CI field and the configuration of SRS transmission and UL transmission modes, a UE UL CC set could be considered.
3 Option 1 & 2 configuration

According to the conclusion of the RAN1#58 meeting, option 1 and 2, namely the presence or not of CI field, can be semi-statically enabled. One method is cell-specific configuration through broadcasting message, in which all the LTE-A UEs in the cell would be scheduled by using either option 1 or option 2. Another configuration is UE-specific through RRC dedicated signalling, which can provide much flexibility to the eNB, because different UEs in one cell can be configured different options (1 or 2) based on their respective CC configurations. 
Proposal 3: Option 1 and 2 can be semi-statically enabled through UE-specific RRC dedicated signaling, in order to meet different UEs’ CC configuration.

4 Carrier index field
4.1 Size of CI field

For option 2, it would always require CI bits to map each PDCCH to the PDSCH/PUSCH on the respective CC. There are two methods on adding CI bits depending on whether the length of CI field is variable or constant.
The first one is to have the length of CI field variable, in which the number of added CI bits can depend on the number of semi-static monitored CCs or the number of UL CCs used for the possible PUSCH scheduling for the UE. 

Pros:

· Better link performance when the CC set is small compared to always have 3 bits in CI field. 

Cons:

· Leading to multiple payload sizes for one specified DCI format which may complicate the DCI design and eNB/UE implementation. 
· Furthermore, multiple introduced DCI payload sizes would also bring some negative impacts to DCI format ambiguous sizes handling, because repetition of rate matched bits and search space overlapping among different aggregation levels can induce the unnecessary UL ACK/NACK interference [5]. 
The second one is to keep the length of CI field constant e.g. 3 bits despite of the actual CC set UE has.

Pros:

· Simplify the PDCCH DCI design and eNB/UE implementation as eNB only have two sets of DCI formats. 
Cons:

· Performance loss compared to variable CI field when the CC set is small. However, as we know in R8 we do padding to align the length of payload size or to avoid the certain size of payload one or two bits difference will not make much difference on link performance. Furthermore, the performance loss with 3-bit CI field is marginal in the range of 0.2-0.5dB using DCI format 1A and 2 [6].
Based on the analysis above we prefer to have a constant length of CI field to simplify the DCI design and eNB/UE implementation with a marginal performance loss of 0.2-0.5dB.
Proposal 4: A constant length of CI field, e.g. 3 bits, is added for cross-carrier PDCCH scheduling.
4.2 Interpretation of CI field

For the interpretation of CI field, there are the following two methods:
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Fig. 2. CI interpretation

The first one is cell-specific CI interpretation as illustrated in Fig. 2(a), in which CI value is interpreted uniquely based on the CC configuration of the cell.

Pros:

· Simplified implementation for eNB. 

Cons:
· UE needs to know all the CC configuration of the cell.

· Extensibility is not good, e.g., not applicable if the cell have 10 CCs.

The second one is UE-specific CI interpretation as illustrated in Fig. 2(b), in which CI value is interpreted based on the CC configuration of a specific UE.
Pros:

· High efficiency for CI utilization can be achieved, because UE can interpret the CI field by the UE DL CC set, without knowing the whole CC configuration of the cell. 

· Expandability is good, because it is always applicable and transparent to UE as long as the number of aggregated CCs for one UE does not exceed 8, no matter how many CCs the cell has. 
Cons:

· Implementation complexity for eNB is increased a little bit. 

We prefer UE-specific CI interpretation scheme by its high efficiency and good extensibility.
Proposal 5: CI field interpretation should be UE-specific by its high efficiency, good extensibility and transparence.
5 Conclusion 

In this contribution, the scheme of cross-CC PDCCH scheduling is analyzed from different points of view, and accordingly our proposals are concluded as:
Proposal 1: PDCCH blind decoding and blocking issues should be considered if a UE PDCCH CC set is to be introduced.
Proposal 2: To facilitate UE-specific interpretation of the CI field and the configuration of SRS transmission and UL transmission modes, a UE UL CC set could be considered. 
Proposal 3: Option 1 and 2 can be semi-statically enabled through UE-specific RRC dedicated signaling, in order to meet different UEs’ CC configuration.

Proposal 4: A constant length of CI field, e.g. 3 bits, is added for cross-carrier PDCCH scheduling.

Proposal 5: CI field interpretation should be UE-specific by its high efficiency, good extensibility and transparence.
References

[1] CATT, etc., “Way Forward on PDCCH for Bandwidth Extension in LTE-A”, R1-093699, Shenzhen, China, Aug. 24-28, 2009.
[2] Final_ReportWG1 #57b_v100.
[3] Qualcomm Europe, “DL Carrier Aggregation Performance in Heterogeneous Networks”, R1-093145, Shenzhen, China, Aug. 24-28, 2009.

[4] CATT, “Analysis of PDCCH Monitoring Component Carrier Set on LTE-A”, R1-094128, Miyazaki, Japan, Oct. 12-16, 2009.
[5] Qualcomm Europe, “Additional details on confusing multiple PDCCH aggregation levels”, R1-083169, Jeju, Korea, Aug. 18-22, 2008.

[6] InterDigital Communications, LLC, “Simulation Results for Implicit and Explicit Carrier Indication”, R1-093069, Shenzhen, China, Aug. 24-28, 2009.











































































_1317812577.vsd
�

�

CC0


CC1


CC2


CC3


CC4


CC0


CC1


CC2


CC3


CC4


000


001


010


100


101


000


001


010


000


001


010


UE0


UE1


UE0


UE1


(a) Cell-specific CI Interpretation 


(b) UE-specific CI Interpretation 



