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1 Introduction
The following agreements were made in NR AdHoc #3 [1] and RAN1 90bis [2] regarding the DCI contents and formats:

	Agreements:
· 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

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


In the RAN1 #91, two working assumptions were made on the content of DCI formats used for DL assignment and UL grant [3]. Accordingly, eight DCI formats are defined in [4] for different purposes. 
 In this contribution, we dicuss the details of the NR DCI formats contents. 
2. Discussion
A set of DCI format defined in TS 38.212 are summarized in Table 1 below. 

Table 1: DCI formats of NR


[image: image1]
In the following section, we discussed the remaining issues for existing DCI formats and compact DCI format for paging, SIB, RAR message delivery. 
2.1. Fallback DCI and general DCI formats
NR supports interleaved or distributed VRB-to-PRB mapping as well as intra- and inter-slot FH for PUSCH resource allocation when RA type1 is configured. For VRB-to-PRB mapping of PUSCH, the block interleaver is applied across the entire active UL BWP. This implies that when the PUSCH RA is less than the span of the UL BWP, the allocated PRB-groups with VRB-to-PRB enabling will be discontinuous in frequency. However, in Rel-15 for both CP-OFDM and OFDM with transform precoding, the UE is not expected to support discontinuous allocations in frequency domain. Thus, interleaved VRB-to-PRB mapping may only be used when the PUSCH resource allocation in frequency domain spans the entire UL BWP. On the other hand, FH is a feature used to realize frequency diversity gains when the PUSCH allocation spans a relatively small allocation in frequency domain and is not necessary, when the PUSCH spans the entire UL BWP BW. 
Considering the above complementary relationship between the two features, we propose to define one common field, which is dynamically interpret as “VRB-to-PRB mapping” IE and “Frequency hopping flag” IE based on the allocated bandwidth for PUSCH transmission so as to further reduce the size of DCI 0_1 and 0_0. 
Proposal 1: 

· Introduce a common field in both DCI 0_0 and DCI 0_1 that is dynamically interpreted as “VRB-to-PRB mapping” IE and “Frequency hopping flag” IE based on the allocated bandwidth for PUSCH transmission. 
2.3. Compact DCI format  
Another open issue is the DCI format for RAR, Paging and system information blocks, where a relatively small L2/L3 message (e.g. RAR or paging) for multiple UEs are grouped into a same PDSCH transmission. As these signal should reach the cell edge, efficient coding is required. 

Common to these channels are that several HARQ relevant fields in fallback DCI format do not apply to this compact DCI format resulting in a small DCI format size. It is also assumed that modulation is always QPSK and nor pre-coding information is required. Consequently, at least 17 bits can be removed from fallback DCI format as detailed in Table 2. Similar as in LTE, a dedicated RNTI can be used to associate a respective message, e.g. P-RNTI, RA-RNTI or SI-RNTI and hence the 1-bit ID is not required. Moreover, the UE ID or preamble ID can be given as part of the PDSCH message for that UE in the PDSCH transmission. 
Table 3: Comparison between fallback DCI format 1_0 and compact DCI format 1_2
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As the PDSCH still needs to support a dynamic payload, it should be possible to signal the resource allocation and MCS as DCI format 1C in LTE. More knowledge of the range of information payload that needs to be supported is needed to decide on the exact bitwidth of resource allocation of the PDSCH.
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Figure 1: BLER for DCI formats with different payload sizes in TDL-A channels 

(DS:30ns on the top, DS:300ns on the bottom)


We present the link-level simulation performance for DCI format with a range of payload size based on the simulation assumption in Appendix 1. Figure 1 shows BLER for different payloads and aggregation level of 8 and 16. The result for TDL-A channel with DS 1000ns is provided in Appendix 2. As can be observed, DCI format 1_2 with the saving of 18 bits has a lower code rate and BLER, which leads to ~1dB performance improvement.   

Proposal 2: 

· Introduce a DCI format 1-2 for compact scheduling of one PDSCH codeword for RAR, Paging and system information blocks, which includes the RA field and MCS field.    
The following was agreed in the RAN1 #91regarding DCI foramts for Paging scheduling [4]: 
	Agreements:

· UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages.

· UE is not required to soft combine multiple Paging DCIs within one PO.

Agreements:

· NR supports sending of short paging messages e.g. systemInfoModification, cmas-Indication, and etws-Indication if supported in NR, in the Paging DCI.


This is motivated by the use case that paging information is short and can fit in the paging DCI transmissione.g. emergency messages or SI updated indication. In this case, additional PDSCH transmission is not required so as to save DL transmission resources and possibly reduce time for paging receiption.
Similarly like LTE eMTC design, we propose to exploit the DCI format 1_2 to convey the short paing messages in the DCI format payload. Assuming P-RNTI is also used to scramble CRC of DCI format 1_2, a 1-bit flag IE can be included in the payload to distingurish the DCI format used for conveny small paging in DCI itself or that used for schedule PDSCH transmission for paging delivery.    
Proposal 3: 

· DCI format 1_2 with CRC scrambled by P-RNTI is used for sending of short paing messages in the DCI payload without PDSCH. 
· A 1-bit flag is included in DCI format 1_2 to distingurish the DCI format used for paging direct indication from the DCI format used for scheduling PDSCH for paging delivery.    
2.4 Text proposals on DCI format for SUL-based operation   
The following was agreed for UL/SUL indicator presence in general DCI format 0_1: 
	Agreement: 

If only the PUCCH carrier in a cell with SUL is configured for potential PUSCH transmission, the bit field for non-SUL/SUL indication is not present in the non-fallback DCI.


Text proposal on TS 38.212 [4] to reflect these agreements is provided as follows: 

	7.3.1.1.2
Format 0_1

DCI format 0_1 is used for the scheduling of PUSCH in one cell. 

The following information is transmitted by means of the DCI format 0_1:

- 
Carrier indicator – 0 or 3 bits, as defined in section x.x of [5, TS38.213].

………..

-
UL/SUL indicator – 0 bit for UEs not configured with SUL in the cell or UEs configured with SUL in the cell but only PUCCH carrier in the cell is configured for PUSCH transmission; 1 bit for UEs configured with SUL in the cell as defined in Table 7.3.1.1.1-1..


In addition, we observed that the term 
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is also used for DCI foramts for scheduling of PDSCH in TS 38.212 section 7.3.1. It should be corrected to 
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since different bandwidth can be configured for DL and UL bandwidth part in NR. 
Proposal 4: 

· Endorse the text proposal of UL/SUL indicator field description. 
· Change the term 
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used in DCI formats for scheduling of PDSCH to 
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in TS 38.212 [4].  
3. Conclusions

In this contribution, we discussed the FFS aspects to complete NR DCI format designs and have following proposals:   
Proposal 1: 

· Introduce a common field in both DCI 0_0 and DCI 0_1 that is dynamically interpreted as “VRB-to-PRB mapping” IE and “Frequency hopping flag” IE based on the allocated bandwidth for PUSCH transmission. 
Proposal 2: 

· Introduce a DCI format 1_2 for compact scheduling of one PDSCH codeword for RAR, Paging and system information blocks, which includes the RA field and MCS field.    
Proposal 3: 

· DCI format 1_2 with CRC scrambled by P-RNTI is used for sending of short paing messages in the DCI payload without PDSCH. 
· A 1-bit flag is included in DCI format 1_2 to distingurish the DCI format used for paging direct indication from the DCI format used for scheduling PDSCH for paging delivery. 

 Proposal 4: 

· Endorse the text proposal of UL/SUL indicator field description. 
· Change the term 
[image: image9.wmf]BWP

UL

RB

N

,

used in DCI formats for scheduling of PDSCH to 
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in TS 38.212 [4].  
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Appendix 1 Simulation assumptions
Table A-1. Link level simulation parameters for PDCCH coverage performance

	Parameters
	Value

	Carrier frequency [GHz]
	4

	Channel model
	TDL-A, Delay scaling: 30ns, 300ns, 1000ns

	Channel coding
	Polar codes with 24bits CRC

	Number of gNB transmit antennas
	2

	Number of UE receive antennas
	2

	UE speed [km/h]
	3

	Numerology [KHz]
	15

	System bandwidth [MHz]
	20

	DCI payload size [Bits]
	[16, 20, 24, 28, 32, 36, 40]

	RB allocations for control resource set
	[1:48]

	Number of control symbols
	2

	Number of REGs/CCE
	6

	Number of REGs per REG bundle
	6

	CCE-to-REG mapping
	Frequency first interleaved.

	Aggregation levels
	8, 16

	Transmission scheme
	Random per-REGB precoder cycling

	DMRS
	DMRS 1/4 density. 

	Channel estimation
	MMSE, averaging within REGB

	UE receiver
	MMSE


Appendix 2
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