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Introduction
In RAN1 #92 bis, it was concluded to not introduce a new DCI format with small size than DCI 0-0 and 1-0 for URLLC:
Conclusion:
· There is no consensus in Rel-15 to support:
· Defining a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data, and/or 

DCI formats 0-1 and 1-1 offer the features required for efficient operation of URLLC. However, their larger size could lead to performance degradation in certain scenarios compared to small DCI payloads. Fallback DCI (0-0 and 1-0) have sufficiently small size to maintain good performance in all cases, but do not provide all the fields and flexibility needed for efficient operation of the URLLC system. Therefore, it is necessary to introduce a new DCI format to be used for URLLC. This format must have the same payload size (including padding if needed) as DCI formats 0-0 and 1-0 (i.e., the fallback DCI), which also maintains the blind decoding budget. Furthermore, this new DCI will contain some additional fields compared to the format 0-0 and 1-0, in order to provide sufficient flexibilities for URLLC communication.
In this contribution, we share our design on the contents of the new DCI format. 
 Discussions on new DCI format 
In this section, we provide our view on the possible contents of the new DCI format. We focus the discussion on scheduling DCI (i.e., uplink scheduling DCI and downlink scheduling DCI).  

Considerations for the new DCI format for URLLC  
To design the new DCI format, it is reasonable to take the fallback DCI (i.e., DCI format 0-0 and DCI format 1-0) as a starting point, reducing the size of the fallback DCI fields where possible, and add new fields that are necessary for efficient URLLC operation. 
During RAN-1 92bis, most companies proposed to reduce the size of the following fields compared fallback DCI [2]:
· Frequency domain PDSCH/PUSCH resource allocation
· Time domain PDSCH/PUSCH resource allocation
· HARQ process number
· PDSCH-to-HARQ feedback timing indicator

In addition, the following fields in DCI may also be reduced in size
· DAI
· PUCCH resource indicator

On the other hand, the fallback DCI is designed specifically for “fallback” purposes. As such, it only supports very basic functionalities. To meet the stringent latency and reliability requirements of URLLC, more advanced transmission/scheduling schemes are needed, which require some additional signaling fields besides the signaling fields that are present in the fallback DCI. Such fields will provide flexibility for URLLC scheduling and enhance the overall system performance for URLLC and eMBB. At the same time, since the size of the new DCI format is smaller than DCI 0-1 and 1-1, it offers better PDCCH communication reliability. 
In our view, the following fields should be included in the new DCI format. 
· Carrier indicator
To optimize the URLLC system capacity, it is of great importance to make sure URLLC UL and DL can be transmitted at any time. However, for TDD, this may be fundamentally infeasible due to the half-duplex nature. In order to allow scheduling data at any time without delay, cross-carrier scheduling support for URLLC is of critical importance. Especially for control channel, it is highly desirable to be able to schedule data on TDD/FDD band from FDD based control channels, such that URLLC transmission may be dynamically FDM’ed to reduce latency. Cross-carrier scheduling is an efficient mechanism for load balancing and for scheduling across different component carriers. To enable cross-carrier scheduling, it is necessary to add the carrier indicator field (CIF) to the new DCI. 

For DCI format 0_1 and 1_1, the bit-width for CIF is 3 bits. However, 3 bits may be too large an overhead for the new DCI. To strike a good tradeoff between control scheduling granularity and control overhead, it is preferable to reduce the bit-width of CIF in the new DCI to 1 or 2 bits.  

· Rate-matching indicator 
To meet the 1ms latency, URLLC is likely to operate over mini-slots of smaller duration, e.g., 2 or 4 OFDM symbols. In this case, it is beneficial to let the PDSCH utilize all available resources in the mini-slot that are not occupied by PDCCH or other channels. To achieve this goal, we propose to include the rate-matching indicator field in the URLLC downlink new DCI.

· Waveform indicator
For uplink URLLC transmission, it is beneficial to allow the UE dynamically switch the waveform between CP-OFDM and DFT-s-OFDM. Semi-static waveform configuration maybe too slow for URLLC. Therefore, we propose to include the waveform indicator field in the URLLC uplink new DCI. 
 
· Antenna port indicator 
To increase the overall system efficiency, it is desirable to allow the URLLC UEs to do multi-layer transmission and reception and to allow the base station to schedule MU-MIMO communication. To enable this feature, the URLLC DCI needs to contain an antenna port field, which indicates the DMRS ports as well as the number of layers for transmission. It is reasonable to restrict the number of MIMO layers to 2 in compared to 4 in the general eMBB case, and to restrict the transmission to SU-MIMO for URLLC using the new DCI format. To this end, 1 bit should be sufficient to indicate the number of layers of transmissions, and the corresponding antenna ports. For simplicity, the network may select two rows from the eMBB antenna port table to form the antenna port table for URLLC. We further notice that, this field may only be needed in the downlink DCI. In the uplink, the number of layers (i.e., the rank) maybe inferred from the SRI and TPMI fields.

· SRS request 
A SRS request field can be added to the new DCI format to allow the gNB schedule aperiodic SRS, which may in turn improve the performance of subsequent communications between gNB and the UE. To limit the size of the new DCI format, the SRS request bit in the new DCI format may be only 1 bit.

· SRS resource indicator (SRI) and TPMI
For uplink transmission, in order to support MIMO communication, it is necessary to let the UE know the precoding matrix for transmission. To this end, the SRI and TPMI fields need to be included in the new DCI format for the uplink. Depending on the PUSCH transmission scheme (i.e., codebook vs noncodebook) and the UE Tx antenna phase coherency, the bit width of these two fields may be different.  

The detailed design of the new DCI for the downlink scheduling is provided in Table 1.
Table 1 New DCI format consideration for downlink scheduling
	DCI 
	Bits
	Description/Comments

	Header/Identifier for DCI format
	1
	DL/UL

	Carrier indicator 
	2
	To enable cross-carrier scheduling for URLLC; reduced bit-width compared with DCI 0_1 and 1_1

	Frequency-domain PDSCH resources
	9
	For 50 RB bandwidth (use coarser granularity for type 1 RA, i.e., use 2 RB bundling)

	Time-domain PDSCH resources
	2
	Reduced from 4 to 2

	VRB-to-PRB mapping
	1
	

	MCS 
	5
	

	New data indicator
	1
	

	Redundancy version
	2
	

	HARQ process number 
	2
	Reduced from 4 to 2 since URLLC has shorter HARQ processing timeline 

	Downlink Assignment Index 
	0
	

	TPC command for PUCCH 
	2
	 Needed to guarantee high reliability 

	Antenna port indicator
	1
	Pick 2 rows from the eMBB antenna port table to support 2 layer MIMO

	ARI (A/N resource index)
	2
	Since the size of the downlink DCI is relatively larger than that of the uplink DCI, it is beneficial to reduce the ARI field size. Implicit methods may be used to derive the A/N resource when more than 4 PUCCH resources are configured within one resource set. 

	HARQ timing indicator
	2
	[bookmark: _GoBack]Reduced in size due to tighter URLLC timeline; or could remove for FDD case (UL PUCCH always available)

	Rate-matching indicator
	1
	To allow PDSCH rate match around the decoded PDCCH

	SRS-request 
	1
	Reduced bitwidth compared with eMBB non-fallback DCI

	Total
	34
	



The DCI content listed in Table 1 contains 34 control information bits that are considered to be essential for URLLC. It might be OK to further add more fields to the table in case the size of the new DCI format is smaller than the size of the fallback DCI. Further zero bits are padded to the new DCI format to make it of the same size as the fallback DCI. 
Proposal 1: Downlink DCI format for NR URLLC should at least contain the fields listed in Table 1.

The design of the new DCI for the uplink scheduling is provided in Table 2. 

Table 2 New DCI format consideration for uplink scheduling
	DCI 
	Bits
	Description/Comments

	Header/Identifier for DCI format
	1
	DL/UL

	Carrier indicator 
	2
	To enable cross-carrier scheduling for URLLC; reduced bit-width compared with DCI 0_1 and 1_1

	Waveform indicator
	1
	CP-OFDM vs DFT-s-OFDM

	Frequency-domain PUSCH resources
	9
	For 50 RB bandwidth (reduced from 11 bits in fallback DCI)

	Time-domain PUSCH resources
	3
	Reduced from 4 to 3; for URLLC, uplink scheduling may need a larger bit-width for time-domain resource indicator than the downlink scheduling

	Frequency hopping indicator
	1
	

	MCS 
	5
	

	New data indicator
	1
	

	Redundancy version
	2
	

	HARQ process number 
	2
	Reduced from 4 to 2 since URLLC has shorter HARQ processing timeline 

	TPC command for PUSCH 
	2
	 Needed to guarantee high reliability 

	SRI 
	1, 2
	Assuming 2 SRS resources are configured, then 
· 1 bit for codebook based PUSCH;
· 2 bit for non-codebook based PUSCH;

	TPMI
	0, 1, 2
	· 2 for codebook based PUSCH with full Tx antenna coherence
· 1 for codebook based PUSCH with non-coherent Tx antenna
· 0 for non-codebook based PUSCH

	Total
	32~33
	



Proposal 2: Uplink DCI format for NR URLLC should at least contain the fields listed in Table 2.

We conclude this section by remarking that, in addition to the new DCI format that we introduced, the URLLC service may also use the DCI formats 0-0, 1-0, 0-1, 1-1. For example, when the channel condition between the UE and the gNB is sufficiently good, the gNB may use the DCI format 0-1 and 1-1 to schedule more features for URLLC (e.g., higher-layer MIMO communication). In this case, the payload size of the DCI is affordable for PDCCH. As another example, URLLC may reuse the DCI format 0-0 and 1-0 for the necessary “fallback” operations.  
Proposal 3: DCI formats 0-0, 0-1, 1-0, and 1-1 can be used to schedule URLLC transmissions.
Conclusion
In this contribution, we share our view on the design of the new DCI format. We have made the following proposals. 
Proposal 1: Downlink DCI format for NR URLLC should at least contain the fields listed in Table 1.
Proposal 2: Uplink DCI format for NR URLLC should at least contain the fields listed in Table 2.
Proposal 3: DCI formats 0-0, 0-1, 1-0, and 1-1 can be used to schedule URLLC transmissions.
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