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1
Introduction
In RAN1#59bis some details on CIF design for we re agreed and some aspects were considered for further study as shown below[1].
The following is agreed (the FFS items are for email discussion until RAN1#60):

· 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

· The following two behaviours are FFS (try to resolve to next meeting): 

· 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

· 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 

· Note that other  behaviours are not precluded from the discussion. 

· Inclusion of CIF in DCI formats:

· DCI formats do not have CIF when CRC is scrambled by P-RNTI, RA-RNTI or TC-RNTI 

· SI-RNTI is FFS

· DCI formats 0, 1, 1A, 1B, 1D, 2, 2A, 2B in UE-specific search space may contain CIF (still to be decided) when CRC is scrambled by C-RNTI/SPS C-RNTI

· Inclusion of CIF in DCI formats 0, 1A in common search space when CRC is scrambled by C-RNTI is FFS

· Format 3/3A: FFS

In this document, we propose further design details for cross-carrier operation using CIF.
2
Discussion
2.1 Scheduling with CIF
Figure 1 shows an example where CC1 is configured with CIF. While the CIF field in CC1 can support scheduling PDSCH for CC2 and CC3 (and two more other CCs), we think it is beneficial to restrict cross-scheduling to only those CCs that requires cross-carrier operation, i.e. 

a) CCs not configured to receive PDCCH (e.g. eNB chooses to not signal PDCCH in the control region of a particular CC to avoid interference to other cells – Hetnet operation) or, 
b) CCs where PDCCH reception is not reliable (e.g. due to interference from other eNBs – Hetnet operation, de-sense). 
In the example, it is assumed that CC2 requires cross-carrier scheduling while CC3 does not require cross-carrier scheduling. Accordingly, the UE is configured to receive PDSCH assignments for CC1 and CC2 from control region in CC1 and PDSCH assignments for CC3 from control region in CC3. 

[image: image1.emf]CC1

CC2

CC3


Figure 1 – Scheduling using CIF 
Proposal 1a: 
· Within a UE’s configured CC set, a subset CCs whose control region supports PDCCH signaling with CIF can be semi-statically configured (Cross-scheduling CCs).

· Within a UE’s configured CC set, a subset of CCs whose PDSCH/PUSCH is scheduled from other CCs can be semi-statically configured (Cross-scheduled CCs).
Further, given the use cases identified above, we do not see a need for the UE to monitor the control region of cross-scheduled CCs. 
Proposal 1b: 
· UE does not monitor the control region of CCs whose PDSCH is scheduled from other CCs. 

This proposal also appears to be consistent with PCFICH discussions where concerns were identified with unreliable signaling in the control region of cross-scheduled CCs and there was broad agreement among several companies to support a standardized mechanism for cross-carrier PCFICH signaling [2].

2.2 Inclusion of CIF in DCI Formats

SI-RNTI

It has already been agreed in RAN1#59bis that CIF is not included in P-RNTI, RA-RNTI and TC-RNTI. Inclusion of CIF for SI-RNTI is FFS. The CIF inclusion in SI-RNTI appears to be motivated by the need for cross-carrier system information signaling. For example, in Figure 1, if the control region of CC2 is unreliable, then SI corresponding to CC2 can be signaled from CC1. However, along the lines of previous RAN2 decisions (RAN2 #68 [3]) 

“When configuring a new CC, dedicated RRC signalling is used for sending CCs’ “urgent system information” which is necessary for CC transmission/reception”, 

dedicated RRC signalling can be used for cross-carrier system information configuration.
Proposal 2a: 
· DCI formats 1A/1C do not have CIF when CRC is scrambled by SI-RNTI. 

C-RNTI
When DCI CRC is scrambled by C-RNTI, CIF should be included in all the relevant DCI formats (i.e., 0, 1, 1A, 1B, 1D, 2, 2A, 2B and any new Rel-10 specific formats) when the corresponding PDCCH is signaled in UE specific search space. It has been proposed in [4] that DCI corresponding PDCCHs scheduling same CC grants/assignments should not include CIF. However, such a design creates 16 extra blind decodes and is therefore undesirable. 
Proposal 2b: 
· When a CC is configured with CIF, all DCI formats (0, 1, 1A, 1B, 1D, 2, 2A, 2B and any new Rel-10 specific formats) in the UE specific search space contain CIF. 
If CIF is included in DCI 0/1A with CRC scrambled by C-RNTI in common search space (CSS), UE has to perform 6 extra blind decodes in CSS. Further, UE only looks for PDCCH messages with C-RNTI that contain the CIF field and have a specific CC to CIF mapping. This can lead to miscommunication between UE and eNB during CIF configuration/re-configuration signaling as explained in [4,5]. If CIF is not included in common search space, then UE does not have to perform the 6 extra blind decodes and eNB always has the ability to communicate with UE using a PDCCH without CIF irrespective of UE’s CIF configuration. Given this, CIF should not be included in DCI format 0/1A with CRC scrambled by C-RNTI. 

Proposal 2c: 
· DCI format 0/1A with CRC scrambled by C-RNTI, when signaled in common search space, does not contain CIF. 
3
Conclusions

We propose the following for scheduling using CIF
Proposals 1a,1b: 
· Within a UE’s configured CC set, a subset CCs whose control region supports PDCCH signaling with CIF can be semi-statically configured (Cross-scheduling CCs).

· Within a UE’s configured CC set, a subset of CCs whose PDSCH/PUSCH is scheduled from other CCs can be semi-statically configured (Cross-scheduled CCs).
· UE does not monitor the control region of CCs whose PDSCH is scheduled from other CCs. 

We propose the following with regards to inclusion of CIF in DCI formats

Proposals 2a,2b,2c: 
· DCI formats 1A/1C do not have CIF when CRC is scrambled by SI-RNTI. 

· When a CC is configured with CIF, all DCI formats (0, 1, 1A, 1B, 1D, 2, 2A, 2B and any new Rel-10 specific formats) in the UE specific search space contain CIF. 
· DCI format 0/1A with CRC scrambled by C-RNTI, when signaled in common search space, does not contain CIF. 
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