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1. Introduction

In RAN1 57-bis meeting, a way forward was proposed in [1] to support cross carrier scheduling in LTE-A. In this contribution, we discuss several aspects on cross carrier scheduling and show our views.
2. Discussion 
2.1. PDCCH blind decoding
With cross carrier scheduling, PDCCH in one component carrier (CC) can indicate scheduling information for multiple CCs in the UE DL/UL component carrier set. Due to possible different bandwidths of component carriers in the UE DL/UL component carrier set, UE may need to detect multiple DCI formats with different sizes. Comparing PDCCH blind decoding complexity with and without cross carrier scheduling, we have the following observations:

· Without cross carrier scheduling, the number of blind decoding attempts is always 44 x N, where N denotes the number of CCs in the UE DL/UL component carrier set.
· With cross carrier scheduling, the number of blind decoding attempts depends on number of DCI sizes a UE shall monitor in the UE DL/UL component carrier set. In the worst case, i.e. different CCs have different bandwidths, the number of blind decoding attempts with cross carrier scheduling is no larger than without cross carrier scheduling. In addition, with cross carrier scheduling, it is possible to reduce the number of blind decoding attempts, without restrictions on the UE DL/UL component carrier set. For example, a PDCCH active set can be defined, where a UE only monitors its PDCCH on the CCs in the PDCCH active set.
Proposal: The number of blind decoding attempts with cross carrier scheduling is no larger than without cross carrier scheduling. Methods to reduce PDCCH blind decodings need further study. 
2.2. Ambiguous DCI format sizes
Different DCI formats for different bandwidths may have the same size. Hence, with cross carrier scheduling, ambiguous DCI formats may occur for a UE. Table 1 lists the DCI sizes for different bandwidths in frame structure type 2. It can be observed from Table 1 that some ambiguous DCI sizes exist, e.g. DCI format 1B for 10 MHz and DCI format 1A for 20MHz are of the same size of 31 bits.
Table 1: DCI format size for different bandwidths (Frame structure type 2)
	 
	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	format 0
	23
	25
	27
	29
	30
	31

	format 1
	22
	26
	30
	34
	36
	42

	format 1A
	23
	25
	27
	29
	30
	31

	format 1B
	   25/27
	   27/29
	   29/31
	   31/33
	   33/34
	   33/35

	format 1C
	8
	10
	12
	15
	13
	15

	format 1D
	   25/27
	   27/29
	   29/31
	   31/33
	   33/34
	   33/35

	format 2
	   34/37
	   37/41
	   42/45
	   46/49
	   48/51
	   54/57

	format 2A
	   31/33
	   34/36
	   39/41
	   43/45
	   45/47
	   51/53

	format 3
	23
	25
	27
	29
	30
	31

	format 3A
	23
	25
	27
	29
	30
	31


Note: “A/B” means that A is the DCI bits in 2 antenna ports and B is the DCI bits in 4 antenna ports

Assuming the CC bandwidth and the CC index are known by a UE, in order to resolve the DCI format ambiguity on multiple CCs, the UE shall determine which CC the detected PDCCH is applied to. In other words, if the UE can get the carrier indicator right after PDCCH blind decoding, the correct DCI format can then be determined according to the bandwidth and the transmission mode of the scheduled CC. With explicit carrier indicator (CI) bits in the DCI format, the CI bits can be located at the beginning of the DCI format.
Proposal: 

· No DCI size ambiguity with cross carrier scheduling
· Explicit CI bits located in the beginning of the DCI formats
2.3. PCFICH false detection
With cross carrier scheduling, UE needs to decode the PCFICH on both the PDCCH carrier and the PDSCH carrier. If PCFICH is decoded incorrectly on the PDSCH carrier, a UE demodulates PDSCH from a wrong OFDM symbol, which causes PDSCH detection errors [2]. Comparing the impact of PCFICH false detection on PDSCH error probability with and without cross carrier scheduling, we have the following observations:
· Without cross carrier scheduling, PDSCH error comes from:
· Event 1: PCFICH error, e.g. with probability 1e-3

· Event 2: PCFICH correct, PDCCH error, e.g. with probability 1e-2

· Event 3: PCFICH correct, PDCCH correct, PDSCH error, e.g. with probability 1e-1

· Overall PDSCH error probability within the range of 10% -- 11.1% 

· With cross carrier scheduling, PDSCH error comes from:
· Event 1: PCFICH error on the PDCCH carrier, e.g. with probability 1e-3

· Event 2: PCFICH error on the PDSCH carrier, e.g. with probability 1e-3

· Event 3: PCFICH correct on the PDCCH carrier, PDCCH error, e.g. with probability 1e-2

· Event 4: PCFICH correct on the PDCCH carrier, PDCCH correct, PCFICH correct on the PDSCH carrier, PDSCH error, e.g. with probability 1e-1

· Overall PDSCH error probability within the range of 10% -- 11.2%
Proposal: No special treatment is needed to resolve the additional PCFICH false detection with cross carrier scheduling, since it has negelibigle impact on PDSCH detection performance. 
3. Carrier indicator

Currently, three options for carrier indicator exist to enable cross carrier scheduling, i.e.:

· Option 1: 0~3 CI bits in DCI [3][4]
· Option 2: CRC mask per CC [5][6]
· Option 3: PDCCH resource [7]
· Option 3a: Configuration of different CCE resources for different CCs
· Option 3b: Configuration of different CCE shifts for different CCs
Comparing the above three options, we have the following observations:
· PDCCH blocking probability
· Same for Option 1 and Option 2
· Option 3 leads to higher PDCCH blocking probability due to limitations on PDCCH space. 
· CRC false detection [8][9]
· Same for Option 1 and Option 3.

· Option 2 leads to higher CRC false detection since a UE is assigned with multiple C-RNTIs.

Table 2:  Comparison for the three carrier indicator options
	
	Option 1
	Option 2
	Option 3

	PDCCH blocking probability
	✓
	✓
	✕

	CRC false detection
	✓
	✕
	✓


Table 2 summarizes the comparison among the three options. Our preference is Option 1 of explicit CI bits in the DCI format. In addition, a fixed 3-bit CI bits can be used for all Rel-10 DCI formats to reduce the overall complexity of DCI format design.
Proposal: Explicit CI bits in DCI formats to support cross carrier scheduling

4. Conclusions
In this contribution, we discuss several aspects on cross carrier scheduling. Methods to reduce PDCCH blind decodings, e.g. by defining a PDCCH active set, shall be further studied. It is also preferred to have the explicit CI bits at the beginning of the DCI format, which resolves possible DCI size ambiguity. Further, it is shown that the additional PCFICH false detection with cross carrier scheduling has limited impact on PDSCH performance.
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