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1. Introduction
This contribution discusses how to distinguish DCI scheduling eMBB data and DCI scheduling URLLC data, and how to support URLLC services by reusing the current configurations. According to the current specification, RRC parameters cannot be separately configured for eMBB and URLLC. In this case, to support both eMBB and URLLC for a UE, related RRC parameters or configurations needs to be configured to include all the necessary values for eMBB and URLLC simultaneously. Therefore, DCI overhead could be highly increased, and the transmission or reception scheme would not be optimal for either eMBB or URLLC services. Alternatively, it can be considered to support separate RRC parameters or configurations for eMBB and URLLC, but DCI size may need to be the same between eMBB and URLLC due to the DCI size budget, and it is necessary how to distinguish eMBB and URLLC control/data. 

2. DCI contents for URLLC
Identifier for DCI format would be needed to distinguish DL assignment and UL grant since DCI format size between them could be the same depending on the configuration. Furthermore, it would be beneficial in terms of PDCCH BD attempts to align DCI format size for DL assignment with DCI format size for UL grant. 
Next, on carrier indicator, it is necessary to decide whether cross-carrier scheduling is used or not for URLLC. Considering the robustness of PDCCH detection, it would be beneficial to support cross-carrier scheduling for URLLC. 
On Bandwidth part indicator, it would not be needed for URLLC since DCI-based BWP switching will cause latency problem. Instead, bandwidth part to be used for URLLC transmission will be RRC-configured. 
On frequency-domain resource assignment, it is necessary to support non-contiguous resource allocation as well as reasonable bit field size for URLLC services. In this case, it can be considered to use resource allocation type 1 with interleaved VRB-to-PRB mapping or to use resource allocation type 0 with Configuration 2 for RBG size. Considering various packet size or requirements for URLLC, there is no need to restrict the type of resource allocation for URLLC. 
Depending on the URLLC requirements or services, time-domain resource allocation for PDSCH or PUSCH would be different, and the bit width for the time-domain resource assignment would be different as well. According to our companion contribution [1], the required bitwidth for the time-domain resource assignment would be less than 4 bits which is the bitwidth for fallback DCI. 
PRB bundling size indicator could be efficiently used for URLLC PDSCH reception since it can control channel estimation performance/complexity depending on the allocated resources and channel conditions. 
Rate-matching indicator and ZP CSI-RS triggering are used for PDSCH rate-matching. Since URLLC transmission will be prioritize over other transmission, and the on-going DL transmission will be pre-empted by URLLC transmission, these bit field could be skipped for URLLC. 
On HARQ process number, considering latency requirement or low packet arrival rate of URLLC, the maximum number of HARQ process number could be further reduced. Therefore, it would be beneficial to adjust the bitwidth for the HARQ process number for URLLC. 
Downlink assignment index would be useful to reduce HARQ-ACK codebook size depending on the actual scheduled PDSCH. Meanwhile, when URLLC HARQ-ACK feedback timing is not dynamically changed or when the packet arrival rate is extremely low, DAI field would not be needed. In this case, it can be considered that this field does not present based on the configuration. 
Next, since URLLC will support only single TB transmission, parameters for 2nd TB will not be used. 
On PUCCH-related parameters, depending on the design of PUCCH resource and K1, their bitwidth could be further reduced or omitted. In [1], for URLLC, it can be considered that the first symbol of PUCCH resource is given by only K1 which is defined as the number of symbols. 
Depending on the packet size of URLLC, CSI measurement would be important even for the URLLC. In this case, MIMO-related parameters such as antenna ports, TCI, SRS request, precoding information and number of layers, SRS resource indicator, or CSI request would be useful for URLLC transmission. Otherwise, these bitfields could be omitted. 
Since CBG-based HARQ-ACK will cause PUCCH detection performance loss, it is unclear whether CBG-based transmission is useful for URLLC data. Furthermore, since it is not expected that URLLC transmission is pre-empted by another transmission, CBGFI would not be needed. 
Considering MU-MIMO operation, DMRS sequence initialization could be used for URLLC transmission. 
In summary, we see the following DCI fields. 
Table 1: DCI fields list for URLLC.
	
	URLLC DCI DL
	URLLC DCI UL

	Common fields between non-fallback DCIs and URLLC DCI
	carrier indicator [0 or 3]
frequency-domain resource assignment
time-domain resource assignment [0-4]
VRB-to-PRB mapping [0 or 1]
PRB bundling size indicator [0 or 1]
New data indicator [1]
Downlink assignment index [0-4]
TPC command for scheduled PUCCH [2]
PUCCH resource indicator [3]
DMRS sequence initialization [0 or 1]
	carrier indicator [0 or 3]
UL/SUL indicator [0 or 1]
frequency-domain resource assignment
time-domain resource assignment [0-4]
Frequency hopping [0 or 1]
New data indicator [1]
1st Downlink assignment index [1 or 2]
TPC command for scheduled PUSCH [2]
CSI request [0-6]
beta_offset indicator [0 or 2]
DMRS sequence initialization [0 or 1]

	Modified fields in size from non-fallback DCI 
	Modulation and coding scheme [4 or 5]
Redundancy version [0-2]
HARQ process number [0-4]
Antenna port(s) [0-6]
SRS request [0-2]
Transmission configuration indication [0-3]
PDSCH-to-HARQ_feedback timing indicator [0-1]
	Modulation and coding scheme [4 or 5]
Redundancy version [0-2]
HARQ process number [0-4]
SRS request [0-2]
SRS resource indicator [0-]
Precoding information and number of layers [0-5]
Antenna ports [0-4]

	New fields
	Scaling factor [2]
	Scaling factor [2]

	Removed fields from the existing DCIs
	Bandwidth part indicator
Rate matching indicator
ZP CSI-RS trigger
2nd MCS, NDI, RV
CBG transmission information
CBG flushing out information (CBGFI)
	Bandwidth part indicator
2nd Downlink assignment index
CBG transmission information
PTRS-DMRS association



In addition, it is necessary to investigate whether or not to support scaling factor to be used for TBS determination as in P-RNTI or RA-RNTI. It would be useful to support wideband transmission to achieve frequency diversity and/or power boosting for URLLC transmission. However, considering small size of packet size for URLLC, when TB size to be transmitted is extremely small, there is no way to transmit more than one PRB since the TBS will be increasing as the number of allocated PRB increases. 

In the perspective of the necessary DCI contents for URLLC, it would be efficient that the non-fallback DCI is considered as starting point to design DCI format for URLLC. However, considering the PDCCH detection performance and DCI overhead, it would be necessary to modify the possible range of the bitfield size of non-fallback DCI. 
Proposal 1: DCI format for DL assignment for URLLC is designed considering on DCI format 1_1 as starting point. 
Proposal 2: DCI format for UL grant for URLLC is designed considering on DCI format 0_1 as starting point. 
Proposal 3: Support scaling factor for TBS determination of URLLC data for wideband transmission. 

3. DCI size budget handling considering URLLC control/data
When DCI format for URLLC is designed based on non-fallback DCI, and if either eMBB or URLLC is supported for a UE, the current mechanism would be sufficient to handle or manage DCI size budget. For instance, for a given C-RNTI, UE will monitor 3 different DCI sizes; one is for DCI format 0_0/1_0, another is for DCI format 0_1, and the other is for DCI format 1_1. However, if both eMBB and URLLC data need to be supported for a UE, DCI format for URLLC needs to be aligned in size with another DCI format to keep the DCI budget and to save the number of PDCCH BD attempts. In this case, DCI size for URLLC needs to be small as much as possible for the robust PDCCH detection performance at UE side. If it is supported that separate parameters or configuration for eMBB and URLLC, it would be possible that DCI format 1_1 or 0_1 for URLLC have smaller payload size compared to DCI format 1_1 or 0_1 for eMBB. To fulfil the DCI size budget, zeros could be appended to DCI format 1_1 or DCI format 0_1 for URLLC until the payload size is the same as the minimum value among the size of DCI format 1_0/0_1 and the size of DCI format 1_1 for eMBB and the size of DCI format 0_1 for eMBB. In this case, to distinguish eMBB and URLLC DCI, it can be considered to use different RNTI or additional identifier of DCI format or additional CRC masking for PDCCH. To be specific, according to the current specification, the length of CRC is 24 bits for PDCCH while the number of bits for RNTI is 16 bits. In this case, remaining 8 bits could be used to indicate service type, latency/ultra-reliability requirements. 
Proposal 4: If both eMBB and URLLC are supported for a UE, DCI format size for URLLC is aligned with another DCI format for eMBB such as DCI format 0_0/1_0, DCI format 0_1, or DCI format 1_1 depending on the payload size of DCI format for URLLC.
Proposal 5: To distinguish DCI format for URLLC and DCI format for eMBB, it is supported to use different PDCCH CRC masking sequence for PDCCH transmission. 

4. Conclusion
We discussed DCI contents and format for URLLC, and proposed the followings. 
Proposal 1: DCI format for DL assignment for URLLC is designed considering on DCI format 1_1 as starting point. 
Proposal 2: DCI format for UL grant for URLLC is designed considering on DCI format 0_1 as starting point. 
Proposal 3: Support scaling factor for TBS determination of URLLC data for wideband transmission. 
Proposal 4: If both eMBB and URLLC are supported for a UE, DCI format size for URLLC is aligned with another DCI format for eMBB such as DCI format 0_0/1_0, DCI format 0_1, or DCI format 1_1 depending on the payload size of DCI format for URLLC.
Proposal 5: To distinguish DCI format for URLLC and DCI format for eMBB, it is supported to use different PDCCH CRC masking sequence for PDCCH transmission. 
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