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1. Introduction

    In RAN1#60 meeting, there were some discussions about the linkage between PDSCH/PUSCH and PDCCH, as quoted below: 
Conclusions

· Linkage between PDSCH/PUSCH and PDCCH 

· Further discussion required on whether at least the following is supported:

· A UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC 

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier

· Further discussion required until RAN1#60bis on whether this can be extended to support modified Option 1 from R1-101661.

· Include in email discussion whether or not Option 2 is excluded. 

· Consider:

· benefits/costs of extending option 1 – primarily scheduling flexibility / blocking versus complexity

· scenarios applicable for schemes beyond option 1. 

    Currently, option 1, modified option 1, and option 2 [1] are under considerations. In this document, we analyze the options and some preliminary assumptions. Several proposals are provided to see if we can go further on this issue.
2. Discussion 

Search spaces design

Before we go into the details of the linkage, some assumptions about search spaces should be made in order to compare the options since the intension of specifying the linkage is to keep the number of blind decoding attempts under certain level, which is strongly related to search spaces structure. 
If cross-carrier scheduling is not configured, it is nature that each CC where UE monitoring PDCCH has its own set of search spaces, which means parallel search space structures in Rel-8 can be reused, at least for UE-specific search spaces. If cross-carrier scheduling is configured, we can consider the following simple case: two DL CC is configured and UE only monitors PDCCH on one of them. The question would be whether PDCCH for the two DL CCs shares one set of search spaces as that in LTE or PDCCH for each DL CC is associated to one set of search spaces. If PDCCH for the two DL CCs shares a single set of search spaces, the PDCCH blocking rate is expected to be severer than that in Rel-8 since the allowable number of PDCCH within the same resource is doubled, and even worse if the number of CCs whose PDCCH is mapped to a CC increase. Therefore it seems not difficult to conclude that each CC should be associated to one set of search spaces whose size should be comparable to that in Rel-8. This seems to be inline with current proposal on search space design. [2]-[4] Further reduction as what discussed in [5] can be considered at later phase when deciding the exact size of search spaces among CCs.
Proposal 1: Every DL (UL) CC which is able to be scheduled is associated with a specific set of UE-specific search spaces that does not overlap with other DL (UL) CC.
Whether extra mechanism for size alignment for cross carrier scheduling exists
We consider modified option 1 as a special case of option 2, where resizing PDCCH format in cross carrier scheduling is prohibited. There were several proposals regarding the size alignment, ex. padding or redefining the resource allocation. Either way results in huge specification effort and from the assumption of proposal 1, such alignment would not bring any benefit in reduction of blind decoding attempts, especially when linear scale increase of maximum blind decoding number with scheduled CC number is acceptable. 
Proposal 2: No extra mechanism is utilized to handle PDCCH size alignment between CCs.

Needs for extention to option 1 
The method extending option 1 provides more schedule flexibility for PDCCH signalling, such flexibility may be beneficial in two aspects:
· Service continuity when channel quality on a DL CC goes down

In case of coverage difference or interference condition change, ex. interference level goes high on one frequency in Het-Net, it is possible that control signalling originally came from one CC is not reliable anymore. If scheduling on other CCs is possible, smoother transition without traffic interruption can be achieved before eNB adjust the linkage. This depends on whether eNB can detect the problem earlier enough before the receiving quality really goes down. If so, the extension for service continuity may not be needed 
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· Dynamic balancing of PDCCH loading between carriers
If PDCCH for one carrier can be transmitted on more than one carrier, eNB is able to determine which CC is used for carrying PDCCH based on the activity within the CC. For example, when the loading of PDCCH on a DL CC is heavy or a UE’s search space is severely blocked, eNB can schedule the PDCCH on another carrier. Since the linkage is expected to be semi-static if option 1 is adopted, whether such semi-static configuration can serve the balancing purpose needs further study.
Whether to share search space in case DCI payload sizes are the same
In case the DCI payload sizes of CCs are different, all the three options result in the same behaviour since there is blind decoding attempt restriction in option 2. Moreover, if proposal 1 is agreeable, all the three proposals have the same number of blind decoding attempts. The CRC false alarm rate of option 1 would be a little bit lower since CI can serve as virtual CRC, while the difference is not expected to be large, so the cost should be evaluated based on complexity. The complexity of sharing search space can be observed from two aspects:
· Detect more than one PDCCH scheduling transmission on a DL/UL CC

· PDCCH decoding capability per set of search spaces
In Rel-8, there is a mandatory combination supported by the UE in the same TTI [6], and of course it applies on a single set of search space. If we allow multiple CC sharing the same set of space, it will change the mandatory combination supported, and the average PDCCH blind decoding attempts will be increased.
We don’t think the two aspects will cause much complexity in implementation. If substantial needs are confirmed about the needs for extension as discussed earlier, search spaces can be shared between scheduled CCs and modified option1/option 2 can be supported.
Proposal 3: Further study to check whether flexibility about sharing search spaces between CCs are supported or not.
3. Conclusion

    In this contribution we discuss the issue regarding PDCCH linkage and propose:

Proposal 1: Every DL (UL) CC which is able to be scheduled is associated with a specific set of UE-specific search    spaces that does not overlap with other DL (UL) CC.

Proposal 2: No extra mechanism is utilized to handle PDCCH size alignment between CCs.
Proposal 3: Further study to check whether flexibility about sharing search spaces between CCs are supported or not.
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