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1 Introduction

In RAN1 email reflector after RAN1 #76, DCI format designs for TDD-FDD CA were discussed and a conclusion was made as follows [1]:
· 1 bit SRS request field in DCI format 2B/2C/2D (if aperiodic SRS is configured) exists only when TDD SCell is a scheduled cell regardless whether the scheduling cell is TDD or FDD.
· If both PCell and the scheduled SCell use FDD:
· DL DCI and UL DCI formats: no UL index, no UL DAI, no DL DAI
· DL DCI formats include 3-bit HARQ process number field
· If TDD PCell is supported, when PCell uses TDD and the scheduled SCell uses FDD:
· DL DCI formats include 2-bit DL DAI and 4-bit HARQ process number field
· UL DCI formats include 2-bit UL DAI 
· No UL index field exists in UL DCI formats
· For other cases,
· Option B as working assumption for FDD PCell case
· Option B as working assumption for TDD PCell case, if TDD PCell self-scheduling is supported
Regarding DCI format designs for TDD-FDD CA, one of main issues was whether unused DCI fields are included (Option A) or not (Option B) in DCI formats. This contribution discusses Option A and Option B for unused DCI fields in DCI format designs for TDD-FDD CA.
2 Discussions
Whether DAI, UL index, SRS request and HARQ process field are used or not can be decided according to DL/UL HARQ timings for TDD-FDD CA. The following DL/UL HARQ timings for self-scheduling and cross-carrier scheduling were agreed for TDD-FDD CA, respectively:
Table 1: DL/UL HARQ timings for TDD-FDD CA

	PCell
	Scheduling
	Scheduling cell
	Scheduled cell
	DL HARQ timing
	UL HARQ timing

	FDD
	Self-scheduling
	-
	TDD
	PCell timing
	Scheduled cell timing

	TDD
	
	-
	FDD
	Option 1 or 2-c
	Scheduled cell timing

	FDD
	Cross-carrier scheduling
	FDD
	TDD
	PCell timing
	Scheduled cell timing

	FDD
	
	TDD
	FDD
	PCell timing
	10ms RTT timing

	TDD
	
	FDD
	TDD
	PCell timing
	Scheduled cell timing

	TDD
	
	TDD
	FDD
	PCell timing
	10ms RTT timing


Depending on DL/UL HARQ timing in Table 1, the following two alternatives for DCI format designs were proposed on the table:
Option A

[image: image1]
Option B

[image: image2]
The main differences between Option A and Option B can be summarized as follows:
· Option A: In case of FDD PCell and TDD SCell, DL/UL DCI formats for the TDD SCell are as in Rel-11
· Unused TDD DCI fields are set to a predefined value (e.g. 0) or are reserved
· Option B: In case of FDD PCell and TDD SCell, DL/UL DCI formats for the TDD SCell are modified to include used DCI fields only
Option A and Option B are subsequently discussed in terms of specification impact and performance.
Specification impact
In case of FDD PCell and TDD SCell, Option A keeps all TDD DCI fields (UL index, UL DAI, DL DAI, SRS request, HARQ process number) in DL/UL DCI formats as in Rel-11 for the TDD SCell. In UL DCI formats of legacy, UL index present only in TDD UL-DL configuration 0 while DAI is present in TDD UL-DL configurations 1~6. Accordingly, Option A is aligned with legacy operation. 
In Option B, UL DCI format sizes vary depending on the TDD UL-DL configuration because the UL index field is present in TDD UL-DL configuration 0 while the DAI field is excluded from UL DCI formats in TDD UL-DL configuration 1~6. This operation in Option B is not aligned with legacy operation. Also, in case of eIMTA, additional specifications/complexity are likely to be needed in case TDD UL-DL configuration 0 is configured in the TDD SCell as in order to avoid DCI format size misunderstanding between the eNB and the UE due to a missed DCI format 1C with eIMTA-RNTI, UL DCI formats will always need to include DAI/UL index and this will then require additional padding to DCI Format 1A and yet another modified DL DCI formats where only the HARQ process number field is reduced by 1 bit.
The default practice in RAN1 whenever existing fields were not needed has been to set them to the zero value. For an example, similar to the present case of SCell operation, the ARO field is not needed when an EPDCCH schedules PDSCH on the SCell. However, the ARO bits are not removed, rather, they are set to zero. For the other example, due to DL HARQ-ACK timing in case of a FDD SCell with self-scheduling, the DAI bits are not needed in UL DCI formats scheduling PUSCHs in UL subframes (e.g. UL SF#0 in FDD SCell) where the UE does not transmit HARQ-ACKs. However, the implicit RAN1 assumption is that these DAI bits are not removed but are present with a value that is either undefined or set to zero. Several other such examples exist.
Modifications to DCI formats have only been made when an important functionality needs to be introduced and have never been made because some existing bits are not needed. There is a good reason for this. The number of modified DCI formats which an eNB or a UE need to support increases exponentially with each modification, i.e., for a total of N modifications, it is 2N. For an example, considering the configuration of the CIF and of the SRS request field, there are 4 different DCI format sizes corresponding to the 4 different configuration combinations. 
Observation 1: Option B is against past and current RAN1 practices, introduces significant specification and implementation complexity. Option A is consistent with past and current RAN1 practices and has either none or trivial specification complexity.
Performance

From Option B, unused fields in UL/DL DCI formats are excluded and then the 2 DAI bits can be saved from DL/UL DCI formats (It is noted that for Option A, the UE can always assume that the MSB of the DL HARQ process number field is zero). If the value of the DAI field bits for Option A is unspecified, Option B can provide some BLER gains due to the smaller payload size (by 2 bits). Table 2 indicates the BLER gains. It is readily observed that these gains are trivial (~0.15 dB) and are unlikely to offer any throughput gains as they are unlikely to change a required (E)CCE aggregation level or, even more unlikely, change a total (E)PDCCH size (in number of OFDM symbols or number of PRB pairs in a set). Moreover, any gain will practically disappear if the UE can assume, as in past designs, a known value for unused bits.
 Table 2: BLER (AWGN, Aggregation Level 2)
	Payload [bits]
	30
	32
	47
	49

	SNR at BLER 10-2 [dB]
	0.33
	0.48
	2.01
	2.17


Observation 2: Option B either offers negligible BLER gain (if value of unused DAI bits is unspecified) or no BLER gain (if value of unused DAI bits is set to zero) compared to Option A. 

Based on Observation 1 and Observation 2, the following is proposed.
Proposal: The working assumption for Option B is not agreed. For FDD PCell and TDD SCell, either no additional specifications are introduced for DL/UL DCI formats or it is specified that a UE can assume a zero value for the unused DAI bits.
3 Conclusions 
This contribution considered DCI format design aspects in TDD-FDD CA for a TDD SCell with a FDD PCell and proposes the following:
Proposal: The working assumption for Option B is not agreed. For FDD PCell and TDD SCell, either no additional specifications are introduced for DL/UL DCI formats or it is specified that a UE can assume a zero value for the unused DAI bits.
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