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Discussion and Decision
1 Introduction
In [1] a CR is presented, which proposes to introduce a code rate limitation for the UE specific search space. In the CR, there is a statement: “The UE is not required to decode control information on a PDCCH if the channel-code rate is larger than 3/4, where channel-code rate is defined as number of downlink control information bits (including RNTI) divided by the number of physical channel bits on the PDCCH.” In this contribution we would like to challenge the need for this limitation, and propose that this code rate limitation is removed, such that larger consistency is achieved.

2 Discussion
When considering the immediate consequences of this statement, this leaves room for interpretation/implementation in the UE, since it may ignore the control information for some aggregation level 1 PDCCH candidates. This means that effectively, the eNode-B will not be sure that the UE will actually be receiving the scheduling information when being operating using DCI format 2 in for instance 10 MHz system BW configuration. Therefore, an eNode-B is effectively forced to use aggregation level 2 when scheduling UEs that are configured to be decoding DCI format 2.
Another aspect that we would like to raise is the fact that UEs that are being configured to be decoding for DCI format 2 in the UE specific search space will typically be operating in a very high SINR region, which in turn indicates that the UE will be able to decode the PDCCH at aggregation level 1, even for cases where the code rate is high.Our simulations have shown that even with code rates of 0.9, the UE will be able to have sufficient decoding performance in terms of PDCCH error probability. 
By combining results from [1] and [2], it is found that maintaining the maximum code rate restriction of rate ¾ will only provide a limited reduction of the amount of PDCCH decoding attempts, which totals a maximum reduction of 14% with respect to the UE decoding complexity of the PDCCH search algorithm. This is essentially only seen whenever the UE is configured to decode DCI format 2. We have summarized the total amount of decoding attempts in Table 1 to illustrate the complexity overhead for the RRC connected state. From Table 1 it is also seen that the blind detection limit of 44 is not exceeded even if we remove the ¾ code rate constraint.
Table 1 Total number of blind PDCCH decoding attempts for different bandwidth options and DCI formats configured for reception.

	UE configured to decode
	Number of blind decodings with maximum code rate restriction of 3/4
	Number of blind decodings without maximum code rate restriction of 3/4

	Format 1, 10 MHz
	44
	44

	Format 2, 10 MHz
	38
	44

	Format 1, 15 MHz
	44
	44

	Format 2, 15 MHz
	38
	44

	Format 1, 20 MHz
	38
	44

	Format 2, 20 MHz
	38
	44


From our analysis, we would therefore like to propose two possible solutions for addressing the implicit uncertainty of the PDCCH blind decoding:
· Remove the code rate constraint completely, meaning that there will be no restrictions on where the eNode-B might place a PDCCH for a UE.
· Change the wording of the sentence of code rate, such that may is substituted by should, and the code rate target should be increased to 0.95 to allow for using aggregation level 1 when scheduling UEs with good channel conditions using DCI format 2.
3 Conclusion
Based on the discussions above, we suggets that RAN1 updates the text for 36.213 to reflect one of the two options outlined above. Our preference is to use option 1, since this will remove any ambiguity, and the Node B can freely choose which aggregation level it will use for scheduling good condition UEs.
Option 1: Complete remoal of the text: “The UE is not required to decode control information on a PDCCH if the channel-code rate is larger than 3/4, where channel-code rate is defined as number of downlink control information bits (including RNTI) divided by the number of physical channel bits on the PDCCH.” from 36.213
Option 2: Modification of the text: “The UE is not required to decode control information on a PDCCH if the channel-code rate is larger than 3/4 0.95, where channel-code rate is defined as number of downlink control information bits (including RNTI) divided by the number of physical channel bits on the PDCCH.” in 36.213
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5 Appendix
This appendix contains a list of tables containing the code rates for the PDCCH at different system bandwidths (10, 15, and 20 MHz) and aggregation levels. The results are generated rom [2], but updated with values from [3]. The results here have been generated using the assumption of 2 transmit antennas, but the results are quite similar for 4 tx antennas.
Table 2 Illustration of the code rates available for PDCCH signalling for different PDCCH DCI formats for a 10 MHz configuration. Results obtained from [2] combined with [3], and the field marked with orange is the one that may not be decoded by the UE.

	Parameter
	Value
	
	
	
	
	

	N^DL_RB
	50
	
	
	
	
	

	N^UL_RB
	50
	
	
	
	
	

	Duplex
	FDD
	
	
	
	
	

	Number of antenna ports
	2
	
	
	
	
	

	CCE size (in RE)
	36
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	Code rate
	
	
	

	PDCCH size
	Bits
	
	1-CCE
	2-CCE
	4-CCE
	8-CCE

	Format 0
	42
	
	0.58
	0.29
	0.15
	0.07

	Format 1
	47
	
	0.65
	0.33
	0.16
	0.08

	Format 1A
	

42
	
	0.58
	0.29
	0.15
	0.07

	Format 2
	56
	
	0.78
	0.39
	0.19
	0.10

	Format 3, 3A
	42
	
	0.55
	0.29
	0.15
	0.07


Table 3 Illustration of the code rates available for PDCCH signalling for different PDCCH DCI formats for a 15 MHz configuration. Results obtained from [2] combined with [3], and the field marked with orange is the one that may not be decoded by the UE.

	Parameter
	Value
	
	
	
	
	

	N^DL_RB
	75
	
	
	
	
	

	N^UL_RB
	75
	
	
	
	
	

	Duplex
	FDD
	
	
	
	
	

	Number of antenna ports
	2
	
	
	
	
	

	CCE size (in RE)
	36
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	Code rate
	
	
	

	PDCCH size
	Bits
	
	1-CCE
	2-CCE
	4-CCE
	8-CCE

	Format 0
	43
	
	0.60
	0.30
	0.15
	0.07

	Format 1
	49
	
	0.68
	0.34
	0.17
	0.09

	Format 1A
	43
	
	0.60
	0.30
	0.15
	0.07

	Format 2
	58
	
	0.81
	0.40
	0.20
	0.10

	Format 3, 3A
	43
	
	0.60
	0.30
	0.15
	0.07


Table 4 Illustration of the code rates available for PDCCH signalling for different PDCCH DCI formats for a 20 MHz configuration. Results obtained from [2] combined with [3], and fields marked with orange are the ones that may not be decoded by the UE.
	Parameter
	Value
	
	
	
	
	

	N^DL_RB
	100
	
	
	
	
	

	N^UL_RB
	100
	
	
	
	
	

	Duplex
	FDD
	
	
	
	
	

	Number of antenna ports
	2
	
	
	
	
	

	CCE size (in RE)
	36
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	Code rate
	
	
	

	PDCCH size
	Bits
	
	1-CCE
	2-CCE
	4-CCE
	8-CCE

	Format 0
	44
	
	0.61
	0.31
	0.15
	0.08

	Format 1
	55
	
	0.76
	0.38
	0.19
	0.10

	Format 1A
	44
	
	0.61
	0.31
	0.15
	0.08

	Format 2
	64
	
	0.89
	0.44
	0.22
	0.11

	Format 3, 3A
	44
	
	0.61
	0.31
	0.15
	0.08


