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Introduction
The ITU target for URLLC reliability in IMT 2020 has been set to 10-5 error within 1ms for a 32B packet [1]. To achieve the URLLC reliability requirement the need for URLLC-specific transmission parameters such as CQI tables, different rules for TBS determination, DCI contents is discussed in RAN1. 
In 3GPP RAN1 #92bis the following agreements and conclusion was reached:
Agreements:
· The two BLER targets that are configurable for URLLC for CSI reporting are:
· Option B. (10-1, 10-5)
· Note: The definition of the test case for the BLER target of 10-5 should take into account channel and interference variations and estimation errors.

Agreements:
· Highest spectral efficiency for CQI based on 10-5 BLER target for URLLC is no more than 772/1024*6
· Highest spectral efficiency for CQI based on 10-1 BLER target for URLLC is no more than 873/1024*6
· It doesn’t necessarily mean that the CQI table introduced for eMBB can not be directly reused for URLLC – it’s still a separate discussion
· Note that 
· Whether or not to have two tables or a single table covering both BLER targets is a separate issue

Agreements:
· In total, there are two CQI tables for URLLC CQI reporting
· The first table for URLLC CQI reporting is the same as the existing 64QAM CQI table without any change, which is for BLER target 10-1 for URLLC
· Note: this means the agreement on “Highest spectral efficiency for CQI based on 10-1 BLER target for URLLC is no more than 873/1024*6” is overturned
· The new table will have entries corresponding to BLER target 10-5
· For CSI reporting, the CQI field is 4-bit.
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 
· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space
A new DCI format for URLLC with a size aligned with existing DCI size is hence not precluded.     
[bookmark: _Ref178064866]Discussion
When a UE simultaneously runs multiple services, there is a need to inform the UE which transmission parameters it shall assume. For example, when an assignment or grant is received the UE needs to know how to determine the MCS entry and when a CSI request is received the UE needs to know which target BLER it shall assume.
 
Observation 1 For a UE simultaneously running multiple services e.g. URLLC and eMBB, mechanisms are needed for informing the UE what transmission parameters (e.g., CSI BLER target, MCS table) it shall assume. 
  
One possible way to indicate the target BLER the UE shall assume for CSI reporting is to let target BLER be a part of the CSI reporting configuration. When CSI for eMBB and URLLC is needed/desired the gNB may configure the UE with two CSI processes, each associated with a different target BLER. For a-periodic CSI reporting the CSI request field may indicate which CSI process (or processes) the UE should report CSI for. 

Observation 2 Indication of target BLER can be part of CSI reporting configuration. Different CSI processes can be configured with different target BLER and for a-periodic CSI reporting the CSI request field can indicate which CSI process (or processes) to report CSI for.   

If a new DCI format for URLLC with same size as existing DCI format is introduced, the URLLC-specific transmission parameters can be associated the new format. But since the DCI size of new format is the same as existing format there needs to be mechanisms for UE to distinguish existing DCI formats from new DCI format.    

Observation 3 If UE is expected to receive different DCI formats having the same size, there need to be mechanisms for UE to identify what format is used.  

The mechanism to identify the DCI format may be based on the RNTI or search space for which the DCI was received. When using search space to identify the DCI format, one or combinations of three configurations can be used: controlResourceSetId (i.e., CORESET), monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot. For example, a UE running URLLC and eMBB may be configured with an URLLC RNTI and an eMBB RNTI, each associated with a different DCI format. Another alternative could be that the PDCCH CORESET or search space is associated with a certain DCI format. NR already supports that a search space is configured with a list of DCI formats the UE shall monitor. Hence, the gNB may configure the UE with two search spaces where the first search space informs UE to monitor the existing DCI format and the second search space informs UE to monitor the new DCI format. In our companion paper [2] DCI format and contents for URLLC is discussed. The existing fallback DCI formats 0-0 and 1-0 enable simplified transmission schemes which is not suitable for URLLC purpose, while the normal sized DCI formats 0-1 and 1-1 enable sophisticated transmission schemes that may not be needed for URLLC purposes. Hence, for URLLC purpose some fields from normal-sizes DCI may be desired for new “URLLC” DCI. If the new DCI should have same size as the fallback DCI, then bit-sizes of some fields need to shrink to achieve size-alignment to fallback DCI. 

Let the new DCI be denoted 0-x and 1-x for UL and DL, respectively. 
With implicit indication of the new and fallback DCI formats using search space method the RRC specification [7] need slight changes in red:
-- ASN1START
-- TAG-SEARCHSPACE-START

SearchSpace ::= 						SEQUENCE { 
	searchSpaceId							SearchSpaceId,
[bookmark: _Hlk508859624]	controlResourceSetId					ControlResourceSetId	OPTIONAL, 	-- Cond SetupOnly
	monitoringSlotPeriodicityAndOffset		CHOICE {
		sl1										NULL, 
		sl2										INTEGER (0..1), 
		sl4										INTEGER (0..3), 
		sl5 									INTEGER (0..4),
		sl8										INTEGER (0..7), 
		sl10 									INTEGER (0..9),
		sl16 									INTEGER (0..15),
		sl20 									INTEGER (0..19)
	}																													OPTIONAL,	-- Cond Setup
	monitoringSymbolsWithinSlot					BIT STRING (SIZE (14))	OPTIONAL, 	-- Cond Setup
	nrofCandidates							SEQUENCE {
		aggregationLevel1						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
		aggregationLevel2						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
		aggregationLevel4						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
		aggregationLevel8						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
[bookmark: _Hlk508861657]		aggregationLevel16						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}
	}				OPTIONAL,	-- Cond Setup
	searchSpaceType							CHOICE {
		common									SEQUENCE {
			dci-Format0-0-AndFormat1-0					SEQUENCE {
				...
			}		OPTIONAL,	-- Need R
			dci-Format0-X-AndFormat1-X					SEQUENCE {
				...
			}		OPTIONAL,	-- Need R 
			dci-Format2-0		SEQUENCE {
				nrofCandidates-SFI		SEQUENCE {
					aggregationLevel1		ENUMERATED {n1, n2}			OPTIONAL,	-- Need R
					aggregationLevel2		ENUMERATED {n1, n2}			OPTIONAL,	-- Need R
					aggregationLevel4		ENUMERATED {n1, n2}			OPTIONAL,	-- Need R
					aggregationLevel8		ENUMERATED {n1, n2}			OPTIONAL,	-- Need R
					aggregationLevel16		ENUMERATED {n1, n2}			OPTIONAL	-- Need R
				},
				...
			}		OPTIONAL,	-- Need R
			dci-Format2-1		SEQUENCE {
				...
			}		OPTIONAL,	-- Need R
			dci-Format2-2		SEQUENCE {
				...
			}		OPTIONAL,	-- Need R
			dci-Format2-3		SEQUENCE {
				monitoringPeriodicity	ENUMERATED {n1, n2, n4, n5, n8, n10, n16, n20 }	OPTIONAL, 	-- Cond Setup
			nrofPDCCH-Candidates	ENUMERATED {n1, n2},
				...
			}		OPTIONAL	-- Need R
		},
		ue-Specific				SEQUENCE {
			dci-Formats				ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1, formats0-X-And-1-X },
			... 
		}
	}			OPTIONAL	-- Cond Setup
}

The UE may in this way be configured with a search space ID “0” such that the sequence of DCI formats equals { formats0-0-And-1-0, formats0-1-And-1-1} and a search space ID “1” such that sequence of DCI formats equals { formats0-X-And-1-X, formats0-1-And-1-1}. To avoid format conflict, the UE shall not expect to be configured with a search space including for new and fallback DCI format. To enable UE to monitor both new and fallback DCI formats at same monitoring occasion the UE need to be configured with an additional search space ID for new DCI format.

Observation 4 New DCI format can be implicitly indicated using search space. 

Another implicit method is to indicate the format in the CRC scrambling. For PDCCH, 16-bit RNTI is masked to the last 16 CRC bits of the 24 CRC bits. Without impacting the decoding procedure nor the RNTI-masking the last un-scrambled bit can be used as indicator of new format. Let the 1-bit indictor be m, the 38.212 specification [8] can be changes as follows:
	


After attachment, the CRC parity bits are scrambled with the corresponding RNTI  , where  corresponds to the MSB of the RNTI, and the corresponding DCI format mask  to form the sequence of bits . The relation between ck and bk is:

		for k = 0, 1, 2, …, 
           , for 




	, for k = , ,,..., . 



      
Observation 5 New DCI format can be implicitly indicated using CRC scrambling.

Based on our observations we propose:

Proposal 1 New DCI format is implicitly indicated 
i. using search space, or 
ii. using CRC scrambling

As discussed, the new DCI formats can be defined for URLLC service, and existence of such DCI formats serve as an implicit indication to physical layer that URLLC service is present. Specifically, for the PDCCH monitoring occasions where new DCI is possible (according to monitoring periodicity and offset), URLLC traffic ( PDSCH and PUSCH) is possible.
Proposal 2 Existence of the new DCI format serves as an indication that URLLC service exist in the active BWP.

Since the desired or needed transmission scheme is scenario-dependent the new format may be desired to be flexible. For example, in some scenarios UL pre-coding can be used and is also desired to be used while in other scenarios UL pre-coding is not supported. The new DCI format is preferably RRC configured, where RRC configuration may indicate number of bits for some fields while other fields have fixed size. In some scenarios it may be desirable to have several new formats to dynamically switch between them. To support such scenarios the new DCI format may comprise an explicit field (i.e., a DCI field) indicating the formatting of the DCI. If new DCI format comprises a bit-field for DCI formatting indication the new DCI format can be forward compatible for other use-cases beyond URLLC.   

Observation 6 Explicit DCI formatting indication in new DCI format enables forward-compatibility where new DCI format can be used beyond ULLC needs.  
       
We therefore propose: 
Proposal 3 [bookmark: _Toc513652102]New DCI format is configured to contain an explicit DCI formatting indicator.
Conclusion
In this contribution we made the following observations and proposal:
 
1. For a UE simultaneously running multiple services e.g. URLLC and eMBB, mechanisms are needed for informing the UE what transmission parameters (e.g., CSI BLER target, MCS table) it shall assume. 
Indication of target BLER can be part of CSI reporting configuration. Different CSI processes can be configured with different target BLER and for a-periodic CSI reporting the CSI request field can indicate which CSI process (or processes) to report CSI for.   
If UE is expected to receive different DCI formats having the same size, there need to be mechanisms for UE to identify what format is used.  
New DCI format can be implicitly indicated using search space.      
New DCI format can be implicitly indicated using CRC scrambling.  
Observation 6 Explicit DCI formatting indication in new DCI format enables forward-compatibility where new DCI format can be used beyond ULLC needs.  



Proposal 1 New DCI format is implicitly indicated 
i. using search space, or 
ii. using CRC scrambling
Proposal 2 Existence of the new DCI format serves as an indication that URLLC service exist in the active BWP.
Proposal 3 [bookmark: _GoBack]New DCI format is configured to contain an explicit DCI formatting indicator.
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