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1. Introduction
Followings are some agreements achieved in previous RAN1 meetings that relates to NR DCI format design [1-7].
	(RAN1 #87) Agreements:
· Define at least two sets of transmission parameters, where

· Transmission parameter set 1: parameters configured (FFS: L1 or L2 or L3)

· For default transmission scheme, specify default values of parameters in the Transmission parameter set 1

· FFS: Whether default value can be derived implicitly
· Note that depending on parameter settings in transmission parameter set 1, the size of transmission parameter set 2, i.e. DCI size, may vary. 

· Transmission parameter set 2: parameters indicated by physical layer (e.g. NR PDCCH channel)
· FFS whether multiple subsets is supported and how to simplify DCI format
· Note: some transmission parameter may belong to both set-1 and set-2

· Detail parameters and usage condition are TBD
(RAN1 #88) Agreements:

· NR supports the following number of codewords per PDSCH/PUSCH assignment per UE:

· For 1 to 2-layer transmission: 1 codeword

· For 5 to 8-layer transmission: 2 codewords

· FFS for 3 & 4-layer transmissions – revisit today 
(RAN1 #88bis) Agreements:

· Confirm the following working assumption as an agreement:

· For 3 and 4-layer transmission, NR supports 1 codeword (CW) per PDSCH/PUSCH assignment per UE

· FFS: the support of mapping 2-CW to 3 layers and 2-CW to 4 layers
· DMRS port groups belonging to one CW can have different QCL assumptions
· One UL- or DL-related DCI includes one MCS per CW

· One CQI is calculated per CW
(RAN1 #89) Agreements:

· For >4-layer transmission, each of the two CWs is mapped to at most 4 layers.
(RAN1 NR AH#3) Agreement:
· At least two DCI sizes are defined.
· One DCI size, which is at least for the purpose of fallback.

· FFS: for other purposes.

· One DCI size depending on configuration

· FFS: whether both DL and UL have the same size or different.

· FFS: for group-common DCI/PDCCH
· Note: the UE is not necessarily required to monitor two DCI sizes at the same monitoring occasion
(RAN1 NR #90bis) Agreements:

· For multiple DCI formats with the same DCI size of a same RNTI, an explicit identifier is included in the respective DCI format to distinguish them
· Note: the same DCI size may come from a few (but not a large number of) zero-padding bits at least in UE-specific search space
(RAN1 NR #91) Agreements:

· No concensus in RAN1#91 on how to support A-CSI on short PUCCH in Rel-15. 
· Thus, A-CSI on short PUCCH is not part of RAN1 specification for completion by Dec. 2017.
· Two tables agreed in R1-1721642


2. Discussion on General DL/UL DCI size

Currently, two types of DCI format are defined for both DL and UL in NR, namely, DL/UL general and DL/UL fallback. In following tables, we analyse the DCI size difference between DL fallback and UL fallback, and that between DL general and UL general. In the analysis, we assume that the system bandwidth is 100 PRBs, and RBG size is 4 PRBs without losing generality.

For DL and UL fallback DCI, only 1 CW is transmitted and resource allocation type 1 is adopted. Since most of the configurable fields are eliminated to keep a compact DCI size, the size difference between DL and UL fallback is relatively small, i.e. . 
Table 1 DCI size difference between DL and UL fallback

	
	DL fallback
	UL fallback

	
	bit field
	bit size
	bit field
	bit size

	
	Header
	1
	Header
	1

	
	RA in freq-domain
	13
	RA in freq-domain
	13

	
	VRB-to-PRB mapping
	1
	FH flag
	1

	
	RA in time-domain
	4
	RA in time-domain
	4

	
	TPC
	2
	TPC
	2

	
	MCS/RV/NDI of 1st CW
	8
	MCS/RV/NDI of 1st CW
	8

	
	HARQ process ID
	4
	HARQ process ID
	4

	
	DAI
	2
	DAI
	2

	
	ARI
	2
	UL/SUL indicator
	1

	
	HARQ timing
	3
	SRS request
	2

	
	TCI
	3
	
	

	Total (w/o CRC)
	
	43
	
	38


For DL and UL general, various fields are contained in the DCI to ensure scheduling flexibility. The resource allocation type, number of CWs and other related RRC configurations would cause dramatic changes on bit size. Therefore, in following two tables, we present the maximum DCI size of DL general and the minimum DCI size of UL general to check the scope of DCI size difference, and vice versa.

Table 2 DCI size difference between DL general (max) and UL general (min)
	
	DL general (max)
	UL general (min)

	
	bit field
	bit size
	bit field
	bit size

	
	Header
	2
	Header
	2

	
	Carrier indicator
	3
	Carrier indicator
	3

	
	BWP indicator
	2
	BWP indicator
	2

	
	RA in freq-domain
	25
	RA in freq-domain
	13

	
	VRB-to-PRB mapping
	1
	FH flag
	1

	
	RA in time-domain
	4
	RA in time-domain
	4

	
	PRB bundling size indicator
	1
	SRI
	2

	
	Rate matching indicator
	2
	TRI/TPMI
	4

	
	TPC
	2
	TPC
	2

	
	MCS/RV/NDI of 1st CW
	8
	MCS/RV/NDI of 1st CW
	8

	
	MCS/RV/NDI of 2nd CW
	8
	MCS/RV/NDI of 2nd CW
	0

	
	HARQ process ID
	4
	HARQ process ID
	4

	
	ARI
	2
	UL/SUL indicator
	1

	
	Antenna port
	[6]
	Antenna port
	[5]

	
	HARQ timing
	3
	DAI
	2

	
	DAI
	4
	SRS request
	2

	
	TCI
	3
	CSI request
	6

	
	CBGTI
	8
	CBGTI
	[8]

	
	CBGFI
	1
	DMRS-PTRS association
	2

	Total
	
	89
	
	71


Table 3 DCI size difference between DL general (min) and UL general (max)
	
	DL general (min)
	UL general (max)

	
	bit field
	bit size
	bit field
	bit size

	
	Header
	2
	Header
	2

	
	Carrier indicator
	3
	Carrier indicator
	3

	
	BWP indicator
	2
	BWP indicator
	2

	
	RA in freq-domain
	13
	RA in freq-domain
	25

	
	VRB-to-PRB mapping
	1
	VRB-to-PRB mapping
	1

	
	RA in time-domain
	4
	RA in time-domain
	4

	
	PRB bundling size indicator
	1
	SRI
	2

	
	Rate matching indicator
	2
	TRI/TPMI
	6

	
	TPC
	2
	TPC
	2

	
	MCS/RV/NDI of 1st CW
	8
	MCS/RV/NDI of 1st CW
	8

	
	MCS/RV/NDI of 2nd CW
	0
	MCS/RV/NDI of 2nd CW
	0

	
	HARQ process ID
	4
	HARQ process ID
	4

	
	ARI
	2
	UL/SUL indicator
	1

	
	Antenna port
	[6]
	Antenna port
	[5]

	
	HARQ timing
	3
	DAI
	2

	
	DAI
	4
	SRS request
	2

	
	TCI
	3
	CSI request
	6

	
	CBGTI
	8
	CBGTI
	[8]

	
	CBGFI
	1
	DMRS-PTRS association
	2

	Total
	
	69
	
	85


From the tables above, the DCI size can have nearly 20 bits difference between DL general /UL general max and UL general/DL general min. The size difference mainly comes from resource allocation type and number of transmitted CWs. Note that in the table, we assume the CBG-based transmission is configured. Once the CBG-based transmission is disabled, the CBGFI and CBGTI field should be eliminated, and correspondingly, the DCI size of DL general should reduce by 9 bits and that of UL general should reduce by 8 bits.
3. General DCI format design

3.1 Solution 1- zero padding depending on DCI size difference
A typical solution of DCI format design is to append padding bits to align the DCI sizes of particular DCI formats. This could limit the blind detection complexity but would cause performance degradation on DCI format. In the following, we evaluate the impact of DCI size difference on BLER performance. According to the analysis in Table 2 and 3, we set the DCI size range to [60, 85] bits with a step size of 5 bits. Three aggregation levels are evaluated, i.e., AL=2/4/8. AWGN channel is adopted in the evaluation. The results are shown in Fig 1. Note that, under AL=8, the DCI size of 60 bits is below the lowest allowable code rate, thus 60 bits are not evaluated in this case. From the evaluation we see that, the performance loss is relatively uniform between each two DCI sizes and a 5-bit size difference could induce about 0.25dB performance loss at 1%BLER. If the DCI size difference increases to 20 bits, the performance loss is about 1dB. Consequently, append padding bits to align the DCI size is not a good solution at least for the case when the DCI size difference of two formats are relatively large. We think a more reasonable solution is to predefine or configure a threshold [5 bits] and append padding bits only if the DCI size difference is smaller than the threshold. This allows for a trade-off in blind detection complexity and BLER performance. Additionally, a header field should be inserted into the DCI formats with aligned DCI size. The bit width of header field could also be predefined or RRC configured. 

Observation: Additional 5-bit DCI size could induce about 0.25dB performance loss at 1%BLER.
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Figure 1 Impact of DCI size difference on BLER performance
3.2 Solution 2-without zero padding bits
In this section, we present alternative method without padding bits. It is known that Polar code is used as the coding scheme for control channel. And all the existing decoders of Polar code are based on successive cancellation (SC) decoder [8-9]. Be different from the traditional channel coding (TBCC) in LTE, SC decoder enables the info bits to be decoded successively. That is, the info bits could be decoded one by one bit. Taking advantage of this property, a K-bit header related to a specific DCI size could be decoded first, and then the decoded bits can be checked if it is matched with the corresponding DCI size. If yes, it continues the remaining decoding process; if no, then this decoding processing is stopped directly and the UE tries to decode other DCI candidates. Note that the method does increase the number of blind decoding but does NOT increase the complexity as only a few bits of the header needs to be decoded.
Specifically, in terms of the header design, as least one bit of the DL/UL indicator is included. Further, as dynamic resource allocation type is supported, one bit indication for the RA type is suggested to be included in the header. For example, all the DCI fields (including RA type) for both DL and UL are configured by RRC signalling. In this case, UE knows the specific DCI sizes for both DL general DCI format [size as A] and UL general DCI format [size as B], as illustrated as Fig 1. Then, the UE tries to decode the DCI blindly. First, the UE tries to decode the DL general DCI format with size A. The header is decoded first and then is checked if the decoded header value is matched with the DCI size A. If yes, the remaining decoding process continues; If no, the UE stop the remaining decoding process and try to decode the UL general DCI format with size B similarly. 
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Figure 1 Illustrative of general DCI format with semi-static configured RA fields.
Next, let’s understand another example with dynamic RA type indication. As UE could not get the RA type from the higher signalling, 4 general DCI candidates needs to be decoded blindly, i.e., DL with RA type 0 [size as A0], DL with RA type 1 [size as A1], UL with RA type 0 [size as B0], and UL with RA type 1 [size as B1], as shown in Fig 2. Each DCI candidate corresponds to a specific DCI size. Similarly, the header is decoded first and the remaining decoding processing continues or not depending on whether the decoded bits are matched with the DCI size. We see that this method, in terms of the spec impacts, only introduce a header filed for DCI format without zero padding alignment. 
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Figure 2 Illustrative of general DCI format with dynamic indication of RA type
It is our understanding that the header should include the fields related to the DCI size. Specifically, for semi-static RA type, RA type indication may be NOT needed in the header. But for an unified DCI format design, we proposed that one bit RA type indication is always included in the header of DCI format. Further, to increase the decoding reliability of the header part, a self-check bit for the header, e.g., a parity check bit, may be considered for the header design. And additional bits can also be reserved in the header for scalability design.
4. Conclusions 
In this contribution, we discuss the DCI format design with following observation and proposals:
Observation: Additional 5-bit DCI size could induce about 0.25dB performance loss at 1%BLER.
Proposal 1: Support append padding bits to align the DCI size of DL fallback and UL fallback.

Proposal 2: For DL and UL general DCI, the following two solutions could be considered

1) support append padding bits depending on the DCI size difference;

2) or a header always exists in the DCI. The header includes at least a DL/UL indicator, and a RA type indicator. A self-check bit, e.g., a parity check bit, may be considered in the header. Additional reservation bits can be considered for scalability. 
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