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1 Introduction
For cross carrier scheduling, the following was agreed in RAN1#59b. 

· CIF mapping to CCs:

· The mapping from CI values to CCs for each CC enabling CIF is UE specific

· CI to CC mapping is configured by RRC

· At least one carrier should operate during reconfiguration of the CI-to-CC mapping
In RAN1#61, the linkage between PDSCH/PUSCH CC and PDCCH CC was agreed as follows. 
· 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 where the UE monitors PDCCH with CIF, 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 contribution discusses the remaining details of CI-to-CC mapping based on above agreement as listed below. 
· Relation between DL and UL CI-to-CC mapping

· CI-to-CC mapping for each PDCCH CC

· CI-to-CC mapping reconfiguration method
2 Relation between DL and UL CI-to-CC mapping
For the DL and UL CI-to-CC mapping, we considered following two options illustrated in Figure 1. Note that in Figure 1 CIF may not be used for scheduling DL CC#a and UL CC#a depending on the discussion on CIF reconfiguration issue [1]. 
Option 1: UL CI-to-CC mapping is same as the mapping for the linked DL CC
Option 2: UL CI-to-CC mapping is independent from DL CI-to-CC mapping 

Within the same DL CC and the linked UL CC, DCI format 0/1A and the TX mode dependent DCI format X are distinguished by their sizes since padding of DCI format X is carried out when the size is same as DCI format 0/1A as in Rel.8 specification. Among different DL CCs and UL CCs, DCI formats can be distinguished by CI value in the CIF. 
In case of option 1, DCI format 0 for a UL CC (UL CC#b) and DCI format X for a DL CC (DL CC#c) which is not linked to the UL CC is also distinguished by the CI since it is guaranteed that the UL CC(UL CC#b) and the DL CC(DL CC#c)  have different CI values. 
In case of option 2, DCI format 0 for a UL CC(UL CC#b) and DCI format X for a DL CC (DL CC#c) which is not linked to the UL CC can not be distinguished by the CI since the same CI may be used for UL CC(UL CC#b) and DL CC(DL CC#c) which is not linked to the UL CC. Therefore, when the DCI size for the UL CC and the DL CC is same (e.g. DCI format 0 for 5MHz and DCI format 1B for 3MHz is the same size), UE can not distinguish the DCI formats. This issue is illustrated in Figure 2. This is also pointed out in [2]

 REF _Ref264892629 \n \h 
[3]. The problematic DCI formats are shown in the Annex. Therefore, additional mechanism to distinguish these DCI formats is necessary in case of option 2. 
From above option 1 would be suitable. However, this topic should be further discussed after RAN2 has more progress on RRC signalling structure for carrier aggregation since this topic would be highly related with RRC signalling structure for DL/UL CC configuration [6]. 
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Figure 1 Uplink CC-to-CI mapping
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Figure 2 Issue of option 2

3 CI-to-CC mapping for each PDCCH CC
In RAN1, it was agreed that the mapping from CI value to CCs for each CC enabling CIF is UE specific. This section discusses whether the UE-specific CI-to-CC mapping is common for all PDCCH CCs or independent. 
Alt 1: common CI-to-CC mapping for all PDCCH CCs  

In this alternative, CI values on each PDCCH CC are exclusively configured, i.e. different CI values are used for scheduling different PDSCH/PUSCH CCs regardless of PDCCH CC linkage. The CC index which is currently discussed in RAN2 may be reused for CIF depending on RAN2 discussion. 
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Figure 3 Common CI-to-CC mapping for each PDCCH CC

Alt 2: independent CI-to-CC mapping for each PDCCH CC 

In this alternative, CI-to-CC mapping is configured per PDCCH CC as shown in Figure 4. Since UE knows the linkage between PDSCH/PUSCH CC and PDCCH CC, the same CI value may be used for indicating different PDSCH/PUSCH CCs which are scheduled from different PDCCH CCs. This alternative allows scheduling up to 8 PDSCH/PUSCH CCs from each PDCCH CC. This may be beneficial for a future extensibility since more than 8 CCs can be supported by the fixed 3-bit CIF. On the other hand, it would be possible to introduce this feature in future release when needed since CI-to-CC mapping is configured in a UE-specific manner.  
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Figure 4 Independent CI-to-CC mapping for each PDCCH CC

Since this discussion is also highly related with RRC signalling structure for carrier aggregation, this issue should be further discussed in RAN1 after RAN2 decides the related signalling structure. 

4 CI-to-CC mapping reconfiguration method
There would be two methods for reconfiguration of CI-to-CC mapping: 

· Method 1: Reconfiguration of whole CI-to-CC mapping 

· Method 2: Incremental change of CI-to-CC mapping

In method 1, RRC message, e.g. RRC connection reconfiguration message, indicates the reconfiguration of whole CI-to-CC mapping when CC is added or removed. In method 2, CI value for the CC is configured when CC is added and the CI value is kept until removed as shown in Figure 5 . Since CI-to-CC mapping for other CCs does not need to be changed, incremental change would be sufficient. Furthermore, there is no ambiguity of CI values for the existing CCs during the reconfiguration [1] in method 2 although a short interruption due to RF configuration change may occur depending on UE implementation [5].  
Also this issue is related with RRC signaling structure for carrier aggregation. It should be discussed after RAN2 decide RRC signaling structure. 
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Figure 5 Incremental change of CI-to-CC mapping 

5 Conclusion

This contribution discusses the following three issues related to CI-to-CC mapping for cross carrier scheduling.
· Relation between DL and UL CI-to-CC mapping

· CI-to-CC mapping for each PDCCH CC

· CI-to-CC mapping reconfiguration method
Since these aspects are highly related with RRC signalling structure for carrier aggregation which has been discussed in RAN2, it is proposed to discuss this further in RAN1 after RAN2 decided the related RRC signalling structure. 
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Annex: 

Table 1 DCI format size including 3-bits CIF 
	
	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	0/1A
	23
	25
	27
	29
	30
	31

	1
	22
	27
	30
	34
	36
	42

	1B
	25
	28
	29
	31
	33
	33

	1C
	8
	10
	12
	13
	14
	15

	1D
	25
	28
	29
	31
	33
	33

	2
	34
	37
	42
	46
	48
	54

	2A
	31
	34
	39
	43
	45
	51

	2B
	28
	31
	36
	41
	42
	48
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