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1 Introduction
In RAN1 #60 meeting, the followings were agreed about the linkage between PDSCH/PUSCH CC and PDCCH CC [1];

· 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. 

In case of no cross-carrier scheduling, the linkage between PDSCH/PUSCH CC and PDCCH CC is obvious. However, for the cross-carrier scheduling, linkage between PDSCH/PUSCH CC and PDCCH CC should be further clarified as noted in [1]. In this contribution, we analyze the benefits, costs, and applicable scenarios of the linkage options, and suggest that the option 1 should be supported as a baseline.
2 Comparison of Option 1 and Option 2
Regarding the linkage between PDCCH CCs and PDSCH/PUSCH CCs, option 1 and option 2 described in Figure 1 can be considered. 
Option 1: 

· Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, i.e. the 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 

Option 2: 

· Support scheduling a PDSCH/PUSCH CC from more than one DL CC 

· For a given UE, each PDSCH/PUSCH CC can be scheduled only from a single DL CC in a given subframe in carrier aggregation scenario 

· 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 

· This shall not increase the number of PDCCH blind decodes and or the PDCCH CRC false detection rate compared to a system not having CIF
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Figure 1, Example of option 1 and option 2
Regarding the blind decoding (BD) complexity, if we assume that the maximum BD attempts is 60 per CC for no cross-carrier scheduling (12 for common search space, 48 for UE-specific search space considering new DCI for UL transmission), the maximum number of BDs in cross-carrier scheduling scenarios can be calculated as 
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, where M denotes the number of DL CCs in PDCCH monitoring set and each DL CCs are numbered from i=0, …, (M-1), and 
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 is the number of DL CCs which can be scheduled from a DL CC i. For example, there are two PDCCH monitoring CCs and four PDSCH/PUSCH scheduling CCs as illustrated in Figure 1. In this example, we assume that the search space size for each PDSCH/PUSCH CC on PDCCH monitoring CC is same as the case of no cross-carrier scheduling. As shown in Figure 1(a), with option 1, the maximum number of BDs can be calculated as 2 x 2 x 60 = 240. However, with option 2, as shown in Figure 1(b), UE should perform BDs for all PDCCHs for all scheduling CCs on both PDCCH monitoring CCs. Thus, total number of BDs option 2 can be calculated as 2 x 4 x 60 = 480, which is far larger than that in option 1. As shown in this example, BD complexity of option 2 can be excessively increased while at least the same BD complexity for no cross-carrier scheduling case is maintained with option 1.
Though option 2 can provide additional scheduling flexibility gain, option 1 already has enough scheduling flexibility as same as supported in Rel-8. Furthermore, supporting option 2 may increase the false detection error probability on PDCCH and also can cause ambiguity in the HARQ processing due to the fact that one PDSCH/PUSCH can be scheduled from multiple PDCCH CCs. 
Thus, we think that option 1 should be supported as a baseline, and within the maximum number of BDs of option 1, additional BD reduction schemes can be applied according to UE capabilities, e.g., DCI size adaptation, explicit/implicit signaling, search space reduction, and etc. The details are described in [2].
Proposal: Option 1 should be supported as a baseline.
3 Views on the Modified Option 1
Besides option 1 and option 2, modified option 1 is suggested in [3].
Modified option 1: 

· For each PDSCH/PUSCH CC, eNB configures a single CC to primarily carry the corresponding PDCCH.

· 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.

· For each PDSCH/PUSCH CC, PDCCH on the DL carrier with CIF where the UE monitors PDCCH (other than the configured single CC) shall be able to schedule the PDSCH/PUSCH only if the same DCI payload size is applied. 
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Figure 2, Example of modified option 1
Option 2 is obviously differentiated with option 1 from the primary linkage point of view. Primary linkage means the primarily assigned CC linkage by eNB for PDCCH and PDSCH/PUSCH transmission. This is represented as red and blue line in Figure 1. As seen in Figure 1, only one-to-one primary linkage is defined for option 1 while one-to-multiple primary linkage is always defined for option 2. 
Even in the modified option 1, one-to-one primary linkage like option 1 should be assigned by eNB in order to configure search spaces, and only in case of the same DCI payload size is applied, additional scheduling flexibility is provided through shared search spaces. For example, in modified option 1, one-to-one linkage between two PDCCH CCs and four PDSCH/PUSCH CCs primarily defined, and this primary linkage is represented in blue, yellow, red, and green line. PDCCH search space of each PDSCH/PUSCH CC is assigned according to this primary linkage as seen in left side of Figure 2. If the DCIs for CC #2 and CC #3 are the same size, their search spaces on two PDCCH CCs are shared for those DCIs, and PDCCH for PDSCH/PUSCH CC #2, #3 can be scheduled from both PDCCH CC as shown in right side of Figure 2. Even in this case, the primary linkage is not changed (solid yellow and red lines) while PDCCH can be scheduled over the primary linkage by search space sharing (dotted yellow and red lines). 
When we consider this modified option 1 from UE PDCCH reception behaviour, there is no difference between option 1 and modified option 1 due to the fact that the UE should always monitor PDCCHs on both PDCCH CC regardless of the DCI payload size of PDCCHs.
Thus, we think that there is no difference between option 1 and modified option 1 in principle from the primary CC linkage point of view, and whether to support modified option 1 or not is eNB scheduling issue, and modified option 1 doesn’t make any difference in UE’s BD attempts compared to option 1
4 Summary
In this contribution, we discuss the linkage between PDCCH CC and PDSCH/PUSCH CC. We suggest that option 1 should be supported as a baseline due to UE BD complexity. Regarding modified option 1, the primary CC linkage which constructs search spaces is the same as option 1. There is no difference between option 1 and modified option 1 in terms of UE operation, and it’s eNB scheduling issue whether a PDCCH which has the same DCI size with another PDCCH in shared search space is transmitted in primary linkage or not. 
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