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1
Introduction
In this document, we discuss further details on PDCCH search space design with CIF and options for handling PDCCH DCI size ambiguity during CIF configuration/re-configuration based on previous RAN1 agreements and working assumptions listed below. 

Agreements from RAN1 #60

· Remaining details on inclusion of CIF:

· CIF is not included in DCI format when CRC scrambled by SI-RNTI unless RAN2 requires the use of CIF for SI acquisition purposes.

· CIF is not included in DCI format 0, 1A in common search space when CRC is scrambled by C-RNTI/SPS C-RNTI.

· Cross carrier scheduling for DCI format 0, 1, 1A, 1B, 1D, 2, 2A, 2B in UE specific search space should be supported by explicit CIF always

· Further discussion on:

· reconfiguration issue raised by Panasonic / NTT DoCoMo

· handling of overlap between common and UE-specific search spaces


Agreements and Working assumptions from RAN1 #61

· For a given UE, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC

· A UE’s search spaces on a PDCCH CC are shared in case of same DCI size


· Number of blind decodes for single carrier operation

· Single carrier operation without MIMO or non-contiguous resource allocation: X = 44

· Non-contiguous resource allocation: X = 44

· UL MIMO: FFS

· FFS: need for further reducing the number of blind decodes.

· Relation between actual number of blind decodes to the number of active/configured/supported CCs:

· actual number of blind decodes depends on the number of active CCs 


· Actual number of blind decodes (on the assumption that N_DLCC >= number of active UL CCs (to be checked!)):

· 44 x N_DLCC for UE which is not configured with UL MIMO 

· where N_DLCC is the number of active DL CCs

· 44 x N_DLCC + Y x N_ULCC_M for UE which is configured UL MIMO 

· where N_ULCC_M is the number of active CCs which are configured for UL MIMO.

· Y is one of 0 and 16 (FFS which one)

2
Discussion
2.1 PDCCH Search Space for Cross-carrier scheduling

When a UE is configured to receive PDCCH with CIF on a particular CC (cross-scheduling CC), new CCE candidate locations should be added for each aggregation level to accommodate additional PDCCHs that schedule resource assignments/grants for other linked CCs (cross-scheduled CCs). As shown in Figure 1, these additional CCE candidate locations (i.e., additional UESSs) can be appended to Rel8 UESS for each of the aggregation levels 1,2,4,8. The starting CCE locations of UESSs corresponding to different cross-scheduled CCs can be determined by adding an offset to the Rel8 starting CCE locations for each aggregation level. 
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Figure 1 – Increasing Search Space beyond Rel8 
When a UE is monitoring the control region of a CC configured with CIF, the CCEs corresponding to PDCCH candidate m for CC 
[image: image2.wmf]j

 for aggregation level 
[image: image3.wmf]L

, in subframe
[image: image4.wmf]k

can be determined by the equation shown below


[image: image5.wmf](

)

{

}

()

CCE,

*mod/

L

kk

LYmjMNLi

êú

×+++

ëû


The number of PDCCH candidates to monitor (
[image: image6.wmf])

(

L

M

) is kept same as Rel8 (i.e., 6, 6, 2, 2) for all CCs (Given decisions in RAN1 #61 on provisioning of blind decodes).
CC index (
[image: image7.wmf]j

) can be determined either based on the number of activated CCs in a given subframe (e.g. j=0 for activated CC with smallest CIF, j=1 for activated CC with next smallest CIF…) or, based on a predefined one to one mapping between 
[image: image8.wmf]j

 and CIF value (e.g. j=0 for CIF=000, j=1 for CIF=001 …j=7 for CIF=111). 
Determining CC index based on number of activated CCs is preferable as a fixed mapping between 
[image: image9.wmf]j

 and CIF can lead to self blocking (i.e., overlap between PDCCH candidates of different CCs for the same UE) even for scenarios where only two CCs are activated. 
When compared to the approach described above, other approaches [1] [2] such as; using offsets that lead to non-contiguous spacing between UESSs of different CCs;  using a CC specific hashing function for each UESS, result in higher self blocking. Given blocking from PDCCHs of other UEs (referred to as mutual blocking in [2]) cannot be mitigated anyway for higher PDCCH loading, minimising self blocking (i.e., overlap between PDCCH candidates of different CCs for the same UE) should be the key criterion for determining the design for search space extension. 
Considering this, we propose the following.

Proposal 1: 
· For a CC configured with CIF, additional UESS starting positions corresponding to each cross scheduled CC are determined by adding an offset to Rel8 UESS starting position for different aggregation levels.
2.2 DCI handling during CIF Configuration/Reconfiguration

In this section we discuss the issue of DCI size ambiguity for UESS during CIF configuration/reconfiguration that was raised in [3]. As shown in Figure 2, DCI ambiguity mainly impacts PDCCH messages in UESS that grant UL resources to the UE for transmitting (both initial and retransmissions) the RRC_reconfiguration_complete message. 

During this ambiguity period, eNB has the option of utilizing the Common Search Space (CSS) for transmitting PDCCH messages as CIF is not used in CSS. Alternately, as suggested in [4], the eNB also has the option of utilising UESS resources by transmitting two PDCCHs – one with CIF and one without CIF. 
If CIF configuration/reconfiguration does not occur frequently, these eNB implementation based alternatives should be sufficient for handling the DCI size ambiguity issue.
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Figure 2 – DCI Size ambiguity during CIF configuration
Current RAN2 agreements provide a less frequent CC configuration/reconfiguration step and a more frequent CC activation/deactivation step. Given these agreements, CIF configuration/reconfiguration and CC configuration/reconfiguration are typically expected to occur less frequently (e.g. during UE transition from RRC_IDLE to RRC_CONNECTED). It was pointed out in [5] that frequent handovers can lead to frequent CIF configuration/re-configuration. However, it is unlikely that networks will configure high mobility UEs with CCs that require frequent configuration/reconfiguration. 
Given the above considerations we propose the following 
Proposal 2:  
· When a UE is configured to receive PDCCH with CIF on a particular CC, CIF is included in the DCI of all PDCCH messages received in UESS(s) of that CC.
3
Conclusions
We propose the following
Proposal 1: 
· For a CC configured with CIF, additional UESS starting positions corresponding to each cross scheduled CC are determined by adding an offset to Rel8 UESS starting position for different aggregation levels.

Proposal 2:  
· When a UE is configured to receive PDCCH with CIF on a particular CC, CIF is included in the DCI of all PDCCH messages received in UESS(s) of that CC.
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� Similar formulations were also provided in [1] (Option 3 in Section 3) and [2] (Consecutive assignment case in Section 2.1)
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