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Discussion and Decision
1 Introduction
In [1], section 9.1.1, the UE handling of the PDCCH decoding is described with the following 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 updated in order to allow for more valid code rates as seen from an eNB perspective.
2 Discussion
The immediate impact of the statement in 9.1.1 is that any DCI payload that is transmitted on the PDCCH using a code rate larger than ¾ will not be detected/decoded by the addressed UE. To reveal which DCI formats that are impacted by this, we have constructed a table with the different system configuration options. Using the constant CCE size of 9 resource element groups (REG), the CCE will be carried in 36 REs, which corresponds to 72 coded bits on the radio channel. Based on the payload sizes of different DCI formats [2], the coding rates are obtained in Table 1 and Table 2 for FDD and TDD mode respectively.

Table 1 – PDCCH Coding Rates for Different Bandwidths and DCI Formats for FDD mode
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0 37 0.514 38 0.528 41 0.569 43 0.597 43 0.597 44 0.611

1 35 0.486 39 0.542 43 0.597 47 0.653 49 0.681 55 0.764

1A 37 0.514 38 0.528 41 0.569 43 0.597 43 0.597 44 0.611

2 50 0.694 53 0.736 58 0.806 62 0.861 64 0.889 70 0.972

1C 24 0.333 26 0.361 28 0.389 29 0.403 30 0.417 31 0.431

3/3A 37 0.514 38 0.528 41 0.569 43 0.597 43 0.597 44 0.611
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6 RBs 15 RBs 25 RBs


Table 2 – PDCCH Coding Rates for Different Bandwidths and DCI Formats for TDD mode
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0 39 0.542 41 0.569 43 0.597 45 0.625 46 0.639 47 0.653

1 38 0.528 42 0.583 46 0.639 50 0.694 52 0.722 58 0.806

1A 39 0.542 41 0.569 43 0.597 45 0.625 46 0.639 47 0.653

2 53 0.736 57 0.792 61 0.847 65 0.903 67 0.931 73 1.014

1C 24 0.333 26 0.361 28 0.389 29 0.403 30 0.417 31 0.431

3/3A 39 0.542 41 0.569 43 0.597 45 0.625 46 0.639 47 0.653

100 RBs 50 RBs 75 RBs

DCI Format

15 RBs 25 RBs 6 RBs


In  Table 1 and Table 2 we have highlighted the code rates that the UE would not be decoding due to the limitation in [1]. The color notation used in the table is such that green denotes code rates that are larger than ¾ but lower than 0.95, while yellow denotes code rates that are larger than 0.95. From the tables it is seen that when a UE is configured to be decoding DCI format 2, the limitation of ¾ will exclude the option of using aggregation level 1 for scheduling these users (except for low system bandwidths). Further, considering the fact that UEs configured to decode DCI format 2 in the UE specific search space will also operate in very high SINR regions then the availability of high code rate PDCCHs for aggregation level 1 are useful and more efficient for scheduling such UEs.
When considering the total number of decoding attempts needed from the UEs that are not being scheduled, it is seen that the there is a minor difference in terms of the number of decoding attempts when having the decoding limitation compared to not having any limitations. We have summarized the number of PDCCH decoding attempts in Table 3 to illustrate the complexity overhead for the RRC connected state. From Table 3 it is also seen that the blind detection limit of 44 is not exceeded even if we remove or relax the ¾ code rate constraint. In any event since UE’s are required to support up to 44 blind detections then there is little or no UE complexity reduction for cases with less than 44 blind detections.
Table 3 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 with maximum code rate restriction of 0.95

	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 (38 for TDD)


Based on the above discussion, we would therefore like to propose the following:
· Remove the code rate limitation of the PDCCH decoding, and change the wording of the sentence in [1] to reflect this, thereby allowing for using aggregation level 1 when scheduling UEs with good channel conditions using DCI format 2. Obviously, the UE should not decode PDCCH code rates larger than 1.
3 Conclusion
Based on the discussions above, we suggest that RAN1 updates the text for 36.213, section 9.1.1 to reflect a removal of the code rate limitation for the PDCCH decoding.
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