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1.  Introduction
For LTE Release 10, RAN1 has agreed that in the case of carrier aggregation a CIF field should always be added to DCI formats on carriers configured for cross carrier scheduling. In particular this would apply to DCI formats with CRC scrambled by the C-RNTI and sent in the UE specific PDCCH search space.

However, it is not clear in detail how this decision should be applied to DCI formats scrambled with C-RNTI in the common search space, and in the cases where this overlaps with the UE specific search space.

This document discusses this, and related issues.

2.  Discussion
The Release 10 specification will support cross carrier scheduling, and it is likely that this will be configured, on a per CC basis, for a particular set of configured CCs. Then a 3 bit CIF field will be added to any DCI formats required to schedule resources for that UE on the same carrier or the other CCs configured for scheduling via PDCCH on that carrier. The UE should then search the UE-specific search space for all the configured DCI formats, with CIF appended, and with CRC scrambled by C-RNTI. In Release 8 and 9 the UE searches both the common and UE-specific PDCCH search spaces for DCI formats 0 and 1A with CRC scrambled by C-RNTI. In Release 10, in the case of cross carrier scheduling, it is clear that the UE should also search at least the UE-specific search spaces for DCI formats 0 and 1A, with CIF and with CRC scrambled by C-RNTI.
However, if the PDCCH search is to be in line with Release 8/9 specifications, for scheduling on the same carrier, the UE should also receive DCI format 0/1A in the common search space, with CRC scrambled by C-RNTI. However, it is not clear whether CIF should be appended in the case or not. In resolving this question it is necessary to consider that the common and UE specific search spaces can overlap frequently, particularly for small system bandwidths and that is overlap region can be of considerable size. The following lists the main specification options for addressing this situation:-

1. DCI format 0/1A is sent in the common search space with CIF: This would increase the number of blind decodes (by 6) since the common search space would need to be searched for both format 0/1A with CIF, with CRC scrambled by C-RNTI and format 0/1A without CIF, with CRC scrambled by other RNTIs.   

2. DCI format 0/1A is sent in the common search space without CIF: In this case there is potential confusion in any overlap region between common and UE-specific search spaces.  The confusion would arise if any configured DCI formats with CIF have the same size as Format 0/1A without CIF. As an example, some relevant cases are listed for FDD in Table A2 in the Annex. A DCI format confusion may result in the UE incorrectly processing a PDSCH (e.g. leading to soft buffer corruption) or a spurious UL transmission (leading to unwanted UL interference). Therefore, if this option is adopted some measures for resolving the potential confusions should be considered. 
3. DCI format 0/1A is not sent in the common search space with CRC scrambled by C-RNTI (where cross carrier scheduling is configured): This solves the problems identified in options 1 and 2 above, but at the cost of severe restriction on scheduling. 
4. DCI format 0/1A is sent in the common search space without CIF, and not sent with CIF in the overlap region between search spaces: This would impose a restriction on scheduling, not as severe as for option 3, but probably not acceptable, particularly for small system bandwidths. 
5. DCI format 0/1A is sent in the common search space without CIF, but is not sent without CIF in the overlap region between search spaces: This would impose a restriction on scheduling, perhaps not as severe as for option 4, but probably still not acceptable, particularly for small system bandwidths. 
Since option 2 seems to be the one with least impact (at least on scheduling flexibility or UE complexity), this is considered further in the next section.
3.  Possible measures for reducing confusion
There are some features available in the specifications for mitigating potential confusions that would arise in the overlap region between UE-specific and common search spaces if any configured DCI formats with CIF have the same size as Format 0/1A without CIF (see option 2 above). These include:-
· Use of different PDCCH aggregation level where the UE-specific search space does not overlap with the common search space. This may not be effective with small system bandwidths.
· Cross carrier scheduling is avoided in any problematic cases. This could be a severe limitation in some deployment scenarios.
· Existing error recovery mechanisms (HARQ/ARQ) are used to handle erroneous UE receiver processing or UL transmissions. In configurations where confusions can occur, they could be quite frequent. Therefore this approach may give poor system performance.  
The available mitigation measures appear insufficient. However, a simple addition to the specification would be to add padding bits in those cases where confusion could occur. The main drawbacks of this approach would be some additional specification complexity and the small increase in signalling overhead.
4.  Additional issues

This section highlights some further points related to DCI formats which should be considered.

· New DCI formats: Since new formats will be defined for support of UL MIMO and DL MIMO with up to 8 antenna ports, there could be additional risk of confusion if these have the same size as existing formats.  

· The confusions problem should also be analysed for TDD. 

· We assume have assumed the following, but these aspects may need to be confirmed by agreement in RAN1:

· If Format 0/1A is sent in the common search space on a given carrier, this would not be for cross carrier scheduling (except possibly for option 1 above).
· CIF would be attached to DCI Format 0, even if cross carrier scheduling is only configured for the DL. Similarly, even if cross carrier scheduling is only configured for the UL, CIF would need to be attached to Format 1A. For consistency, in such a case CIF should also be attached to any other configured DL DCI formats.    
5.  Conclusions
From the above discussion on cross carrier scheduling we conclude that RAN1 should select one of the options considered for transmission of DCI formats 0/1A with CRC scrambled by C-RNTI in the common search on carriers configured for cross carrier scheduling. We recommend the following approach (based on option 2):  
· DCI format 0/1A and CRC scrambled by C-RNTI is sent in the common search space without CIF

· The potential confusion with other DCI formats of the same size in any overlap region between common and UE-specific search spaces is resolved by adding padding bits.

Annex: DCI format sizes

Table A1: Illustration of the Rel 9 DCI format sizes for different FDD system bandwidth configurations (Adapted from R1-094644, Nokia/NSN).

	Bandwidth
	6
	15
	25
	50
	75
	100

	Format 0
	37
	38
	41
	43
	43
	44

	Format 1A
	37
	38
	41
	43
	43
	44

	Format 3/3A
	37
	38
	41
	43
	43
	44

	Format 1C
	24
	26
	28
	29
	30
	31

	Format 1
	35
	39
	43
	47
	49
	55

	Format 1B (2 tx ant)
	38
	41
	43
	44
	45
	46

	Format 1D (2 tx ant)
	38
	41
	43
	44
	45
	46

	Format 2 (2 tx ant)
	47
	50
	55
	59
	61
	67

	Format 2A (2 tx ant)
	44
	47
	52
	57
	58
	64

	Format 1B (4 tx ant)
	41
	43
	44
	46
	47
	49

	Format 1D (4 tx ant)
	41
	43
	44
	46
	47
	49

	Format 2 (4 tx ant)
	50
	53
	58
	62
	64
	70

	Format 2A (4 tx ant)
	46
	49
	54
	58
	61
	66

	Format 2B
	44
	47
	52
	57
	58
	64


Table A2: Illustration of the DCI format sizes for CA in FDD, highlighting potential confusions between format 0/1A without CIF and DCI formats with CIF  
	
	Bandwidth
	6
	15
	25
	50
	75
	100

	No CIF
	Format 0/1A 
	37
	38
	41
	43
	43
	44

	With CIF
	Format 0/1A 
	39
	41
	43
	45
	46
	47

	
	Format 1
	38
	42
	46
	50
	42
	58

	
	Format 1B/1D (2 tx ant)
	41
	43
	45
	47
	49
	49

	
	Format 2 (2 tx ant)
	50
	53
	58
	62
	64
	70

	
	Format 2A (2 tx ant) /2B
	47
	50
	55
	59
	61
	67

	
	Format 1B/1D (4 tx ant)
	43
	45
	47
	49
	50
	51

	
	Format 2 (4 tx ant)
	53
	57
	61
	65
	67
	73

	
	Format 2A (4 tx ant)
	49
	52
	57
	61
	63
	69


