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1 Introduction

In RAN1#60 meeting, three important design decisions were made, namely [8], 
1) CIF is not included in DCI format 0, 1A in common search space when CRC is scrambled by C-RNTI/SPS C-RNTI.
2) 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.
3) The transmission mode is not constrained to be the same on all CCs scheduled for a UE.
As a consequence of the above decisions, there exists a possible case of confusion between DCI format without CIF in common search space (CSS) and DCI format with CIF in UE-specific search space (UESS). For example, as shown in Table 1 below, DCI format 0/1A without CIF at 10 MHz has the same size as DCI format 0/1A with CIF at 5 MHz. When either of these DCI formats is transmitted in the overlap region of the CSS and UESS, it cannot be distinguished from the other. Instead of component carrier (CC) based scrambling [5], most companies in RAN1 currently prefer restricted scheduling so that the UE can assume that one of the DCI formats is not transmitted in the overlap region [9]. In addition, with respect to search space design, the following were proposed for considerations in RAN1#60bis meeting [9]: 
· Total search space size is extended beyond Rel-8 size

· 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 

· The search spaces on the PDCCH CC could be overlapped, consecutive or separate 

Table 1: Size of DCI formats, excluding the 16-bit CRC, at various LTE supported carrier bandwidths with and without the CIF [1].
	 
	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	
	No CIF
	w/ CIF
	No CIF
	w/ CIF
	No CIF
	w/ CIF
	No CIF
	w/ CIF
	No CIF
	w/ CIF
	No CIF
	w/ CIF

	Format 0/1A 
	21
	23
	22
	25
	25
	27
	27
	29
	27
	30
	28
	31

	Format 1 
	19
	22
	23
	27
	27
	30
	31
	34
	33
	36
	39
	42

	Format 1B 
	22
	25
	25
	28
	27
	29
	28
	31
	29
	33
	30
	33

	Format 1C 
	8
	8
	10
	10
	12
	12
	13
	13
	14
	14
	15
	15

	Format 1D 
	22
	25
	25
	28
	27
	29
	28
	31
	29
	33
	30
	33

	Format 2 
	31
	34
	34
	37
	39
	42
	43
	46
	45
	48
	51
	54

	Format 2A 
	28
	31
	31
	34
	36
	39
	41
	43
	42
	45
	48
	51

	Format 2B 
	25
	28
	28
	31
	33
	36
	38
	41
	39
	42
	45
	48

	Format 3/3A 
	21
	21
	22
	22
	25
	25
	27
	27
	27
	27
	28
	28


Given the above considerations, if different PDSCH/PUSCH CCs are cross-carrier scheduled from a PDCCH CC, three of the most likely search space design options are:

a) Each PDSCH/PUSCH CC is assigned an independent search space on the linked PDCCH CC; search spaces for different PDSCH/PUSCH CCs can overlap with each other.

b) A single search space on the PDCCH CC is used for all PDSCH/PUSCH CCs linked to the PDCCH CC.

c) Each PDSCH/PUSCH CC is assigned an independent search space on the linked PDCCH CC; search spaces for different PDSCH/PUSCH CCs are disjoint.

Option b) is not desirable because it increases the number of blind decodes, while c) may lead to inefficient use of resource and result in increased blocking probability. This leaves a) as the most desirable choice. However, even a) is not without potential problems.
This contribution examines issues related to DCI format confusion under search space design options a) and b) above. 
2 Confusion between DCI Formats for Different CCs, Tx Modes and Bandwidths 

Figure 1 illustrates a scenario where DCI format 1D (scheduling the 5 MHz DL CC1) and DCI format 0 (scheduling a 10 MHz UL CC) have the same size and are not distinguishable. Note that by placing the CIF at a fixed location for all DCI formats, DCI formats  1A, 1B and 1D are distinguishable by the CIF value and the configured TMs of the corresponding DL CCs that the CIF points to. However, since DL CC1 and the UL CC have the same CIF value, DCI formats 1D and 0 are confused. 
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Figure 1: A cross-carrier scheduling scenario where DCI formats 0 and 1D are indistinguishable. 
To resolve such DCI format ambiguity, several approaches below can be considered: 
1. Approach 1: In case there is overlap between one CC’s UESS for 0/1A and the other CC’s UESS for 1B or 1D (Figure 2b), UE assumes only one of these two possible DCI formats, e.g., 0/1A.
2. Approach 2: Restrict CIF assignment by assigning unique CIF values to CCs that are subject to confusion. This complicates system operation as it may require transmission mode restriction or frequent CIF re-configuration. 

3. Approach 3: Scramble the CRC bits of DCI format 0/1A with a pre-defined pseudo-random sequence.
4. Approach 4: Scramble the FEC encoded bits of DCI format 0/1A of the confusing CCs with a pre-defined pseudo-random sequence. 
Approach 4 adds a step of scrambling and descrambling to Rel-8 operation. Approach 3 increases the UE’s overall false CRC pass probability but, the UE’s false CRC pass probability per CC remains the same as in Rel-8. Approach 2 is possible only if all potentially confused CCs are assigned distinct CIF values. This may not be possible without restricting certain transmission modes on certain CCs when the total number of UL and DL CCs is larger than 8, while Rel-10 shall support up to 10 CCs (5 DL and 5 UL). CIF assignment restriction may complicate system operation, because changing a CC’s transmission mode may require reconfiguring the CIF assignment. Approach 1 requires restricted scheduling and generally works well when the overlap region between UE-specific search spaces is small. When the overlap region is large, the blocking probability may increase.  
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Figure 2: Independent UE-specific search spaces without overlap (a) and with overlap (b).  
3 Conclusion 

In case of cross-carrier scheduling, confusion can occur between DCI formats. In particular, DCI format 0/1A at a larger bandwidth can be confused with DCI formats 1B/1D at a smaller bandwidth. The following approaches should be considered for resolving such DCI format ambiguity:

5. Approach 1: In case there is overlap between one CC’s UESS for 0/1A and the other CC’s UESS for 1B or 1D (Figure 2b), UE assumes only one of these two possible DCI formats, e.g., 0/1A.
6. Approach 2: Restrict CIF assignment by assigning unique CIF values to CCs that are subject to confusion. This complicates system operation as it may require transmission mode restriction or frequent CIF re-configuration. 

7. Approach 3: Scramble the CRC bits of DCI format 0/1A with a pre-defined pseudo-random sequence.

8. Approach 4: Scramble the FEC encoded bits of DCI format 0/1A of the confusing CCs with a pre-defined pseudo-random sequence. 


As all the approaches have advantages and disadvantages, further study may be necessary. 
References
[1] R1-101139, Samsung Electronics, “Configuration Aspects for Carrier Indicator Field,” 3GPP TSG RAN WG1 meeting #60, San Francisco, USA, February 22 – 26, 2010.   

[2]  “RAN1 Chairman’s Notes,” 3GPP TSG RAN WG1 Meeting #59bis, Valencia, Spain, 18-22 January 2010.
[3] “RAN1 Chairman’s Notes,” 3GPP TSG RAN WG1 Meeting #60, San Francisco, CA, USA, 22-26 February 2010.

[4] “RAN1 Chairman’s Notes,” 3GPP TSG RAN WG1 Meeting #60bis, Beijing, China, 12-16 April 2010. 

[5] R1-102018, Panasonic, “Handling of overlapping common search space and UE-specific search space for cross carrier scheduling,” 3GPP TSG RAN WG1 Meeting #60bis, Beijing, China, 12– 16 April, 2010.











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PAGE  
3

