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1. Introduction

In LTE-A, carrier aggregation, where two or more component carriers are aggregated, is considered in order to support wider transmission bandwidth [1]. In RAN1 #57, separate coding of PDCCH is agreed as a baseline and the carrier indicator is introduced as quoted below:
· 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

Considering the carrier aggregation and separate coding features, the inevitable increase of blind decoding attempts induces the problem of the UE decoding complexity and power consumption. Some possible approaches have been proposed in [2]~[4], and in this contribution, we discuss them and share our view on this topic.
2. Discussion 

In Rel. 8, there are at most 44 blind decoding attempts per subframe for PDCCH monitoring. The 44 attempts are attributed to 22 PDCCH candidates and two possible sizes per PDCCH candidate. And the search spaces for PDCCH monitoring are separate into UE-specific (16 PDCCH candidates) and common search space (6 PDCCH candidates). For the UE-specific search space, UE shall monitor each of aggregation levels 1, 2, 4, 8.

In LTE-A, carrier aggregation and separate coding features increase the blind decoding attempts linearly depending on the number of DL component carriers required for PDCCH monitoring. On the other hand, LTE-A would require new DCI formats to support new UL transmission schemes since SU/MU-MIMO and non-contiguous resource assignment features are supported for UL. That means there might be three possible sizes per PDCCH candidate: one is for configured DL transmission scheme, another is for current DCI format 0/1A, and the other is for configured one of the new designed UL transmission schemes. Based on the two reasons, some approaches in three aspects could be considered for reducing convolutional decoding load of PDCCH monitoring:
I. Common search space constraint: Constrain that UE monitors common search space only on one specific component carrier (anchor carrier) [2] and it could reduce the blind decoding load on common search space 
Considering PDCCH for paging and RAR, the constraint seems to have no apparent side-effect. For system information of the specific component carrier, it shall include some necessary system information of other component carriers since UE could only receive SIBs of the specific component carrier. The determination of these necessary system information shall be discussed FFS. Moreover, the definition of DCI format 3/3A shall be redefined since the TPC commands could be used for power adjustment of more component carriers [5].
II. UE-specific search space reduction: Based on some information, reduce UE-specific search space on the component carriers of PDCCH monitoring, such as constraining aggregation levels and the number of PDCCH candidates for each aggregation level. 
Following three approaches are different designs for the information:
II-1. Based on the detected information on the specific component carrier (anchor carrier), UE reduce UE-specific search space on other component carriers [3]. The detected information could be a new defined DCI format and shall be designed to avoid the increase of blind decoding attempts. Moreover, UE may know whether DL assignments and uplink grants are assigned in the component carriers of PDCCH monitoring or not, based on the detected information. 
· Additional control overhead.
· Since UE has to detect the information first, it may induce parallel PDCCH decoding complexity and delay.
· If the information on the specific component carrier is not received successfully, UE would loss the DL assignment/UL grant assigned in the indicated non-monitoring part of UE-specific search space.
II-2. Through MAC control element or RRC signalling, narrow down the UE-specific search space of each component carrier [4]. 

· Additional control overhead.
· If the channel quality varies quickly, the signalling requires transmitting frequently.
II-3. Based on the latest DL channel state information report transmitted, narrow down the UE-specific search space of each component carrier. That is to say, if the component carrier has better DL channel quality, the aggregation levels of UE-specific search space on this component carrier could be constrained to 1, 2. 
· Since the constraint of the UE-specific search space is not decided by eNB, the DL channel state information report shall be explicit and objective. The constraint region and timing of UE-specific search space shall be discussed FFS
Considering the three approaches contained in II, each approach could reduce the blind decoding load in UE-specific search space, but has different constraint and design requirement. In approaches II-1 and II-2, since eNB has to transmit relative information to UE, new DCI format or MAC control element or RRC signalling is required, thus there are additional control overhead and corresponding decoding complexity. From these points of view, approach II-3 seems better. However, since approach II-3 losses the eNB control of narrowing UE-specific search space, the constraint region shall not be too narrow and have to be designed carefully. The comparison is summarized in following table.
	
	Design requirement
	Additional control overhead
	Additional decoding complexity
	Narrowing control by eNB

	Approach II-1
	DCI format
	High
	Yes
	Yes

	Approach II-2
	MAC CE or        RRC signalling
	Medium
	Yes
	Yes

	Approach II-3
	Explicit CSI report
	None
	No
	No


III. Payload size alignment: Payload size alignment of configured DL and UL DCI format performs depending on their original payload size difference. 
To not increase blind decoding attempts, for the configured one of the new designed UL transmission schemes, the payload size of its DCI format could be modified to be the same as that of configured DL transmission scheme. That’s to say, considering that DL and UL channels may have different channel state and traffic load, the DL and UL transmission scheme shall be configured separately. If the payload sizes of configured DL and UL DCI formats are different, append padding bits to align the payload size and use some methods to distinguish them, such as flag field, CRC mask. However, since padding bits appended for payload size alignment could have performance impact on PDCCH, it seems better to decide whether payload sizes align or not, depending on their original payload size difference. The disadvantage is that Non-increase of blind decoding load could not be always achieved.
In the foregoing approaches, I, II, III focus on different aspects for reducing blind decoding load: approach I focuses on the common search space, approach II-1~3 is for reducing UE-specific search space, and approach III focuses on the payload size alignment for the new UL transmission schemes. Since each approach has different benefit and design requirement to reduce the blind decoding attempts, the trade-off can be studied for further consideration.
3. Conclusion

This contribution focuses on the problem of excessive blind decoding load and presents some approaches to reduce it. Following are our proposals:

· UE monitors common search space only on one specific component carrier.
· UE narrows the UE-specific search space of each component carrier based on DL channel state information report transmitted if CSI report is designed to be explicit and objective.
· Payload size alignment of configured DL and UL DCI format performs depending on their original payload size difference. 
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