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1 Introduction
To meet the stringent latency and reliability requirements of URLLC, some adjustment or further signaling in addition to the signaling fields present in the existing DCI formats may need to be considered. 
In this contribution, we discuss the DCI format design, based on the requirements for URLLC use cases, and conclude on the need for introducing any new DCI format.
2 URLLC DCI design options: A study
This section discusses the required fields and their associated bit-widths in the DCI, proper for URLLC applications. 
Different designs are studied, based on fallback and non-fallback DCI formats, as well as their modified versions. Based on the outcome of this section, in the next section, we discuss whether it is necessary to define a new DCI format for URLLC scenarios, or the existing fallback and non-fallback formats as for eMBB can be reused with no changes in terms of the specification. We also investigate considerations associated with the introduction of the new DCI format, e.g., DCI size budget, UE monitoring, the indication, etc. 
Note: In the following, for the sake of completeness of the analysis, we perform the study while not precluding the option of reducing bit-widths for various fields, although RAN1 has concluded on no introduction of a compact DCI formats compared to fallback DCI formats for Rel-15 NR URLLC at the last meeting. 
Common fields between fallback and non-fallback DCI formats
Common fields between DL and UL 
1. Frequency domain resource allocation DL/UL: [5-7 bits]
Fallback DCI only supports resource allocation type 1, for which the bit-width is dependent on active BWP size only for USS and as long as the DCI size budget is not exceeded. Otherwise, it depends on the initial active DL BWP size. RA type 0 supported only in USS for non-fallback DCI formats, and is determined by current/active BWP. 
Considering the typical traffic patterns and URLLC targets, it is most likely that relatively larger allocations in frequency domain would be used. Accordingly, flexibility of resource allocation may be less vital. Hence, the RA field bit-width could be reduced by increasing the scheduling granularity.
Further, if it is desired to also support RA type 0 (which may be beneficial for DL, i.e., may provide frequency diversity and scheduling flexibility), the RA type can be configured by higher layers and the 1 bit header to identify the RA type can be removed.
For RA type 0 increasing the granularity could be achieved by configuring relatively large RBG sizes as defined for RBG Config 2 table. Further, RA type 0 may be supported for PDSCH scheduling only.

Table 1 Bit-width of FD RA type 0 under Configuration 2 in different system bandwidths @ 15 kHz SCS
	System bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	RBG size
	4
	8
	16
	16

	FD RA bit-width (bits)
	7
	7
	5
	7



For RA type 1, the minimum granularity can be changed from 1 PRB to K PRBs, where K could be specified or configured separately for DL and UL scheduling, e.g., as a function of the BWP size. This yields a bit-width of ceil(log_2(ceil(NRBBWP/K) *( ceil(NRBBWP/K) + 1)/2)). 
Table 2 Bit-width of FD RA (modified) type 1 in different system bandwidths @ 15 kHz SCS
	System bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	K
	1
	1
	1
	1

	FD RA bit-width (bits)
	9
	11
	12
	13

	K
	4
	8
	16
	16

	FD RA bit-width (bits)
	5
	5
	4
	5



2. Time domain resource allocation DL/UL: [0-4 bits] 
Considering the low latency targets, it is rather likely that the PDSCH and PUSCH transmissions may not employ large values of K0 and K2 respectively. Further, mapping type B may be specified as the default mapping type used for PDSCH and PUSCH when scheduled using a a new DCI format. Thus, some reduction of the bit-field may be possible.
3. Modulation and coding scheme: [5 bits] ([4 bit] if new design)
Can be reduced to 4 bits if new design is considered (see [1]). The indication of which MCS table to be used, may then be RRC configured as part of the PDSCH configuration set. Even though RRC configuration may result in sub-optimality in the MCS table configuration in some cases for different service for a UE which supports URLLC and eMBB traffic, the performance of URLLC/eMBB services may not be significantly affected. 

4. HARQ process number DL/UL: [4 bits] ([1-3 bits] if new design)
Given the low latency use case, it is unlikely that URLLC applications would employ a large number of HARQ processes. Thus, the max number of HARQ processes that may be indicated using a new DCI format can be limited to 2 or 4 or 8. Accordingly, the HARQ process ID field may be limited to 1 or 2 or 3 bits.
5. Redundancy Version: [2 bit] ([0-1 bit] if new design)
In many cases, the UE may be configured to receive or transmit using repetition of the TB (slot aggregation) for a PDSCH/PUSCH. In such cases, the RV sequence may be configured via higher layers with RV0 as the initial RV. Thus the RV field can be removed.
6. NDI DL/UL: [1 bit]

DL specific fields 
1. DAI in DL scheduling DCI format (DL): [2 bits] ([0 bit] if new design)
Limited to no more than 2 bits similar to fallback DCI format to indicate counter DAI. Alternatively, dynamic codebook for HARQ-ACK feedback is not supported when scheduled using the new DCI format.
2. PUCCH Resource Indicator (DL): [3 bits]
Always present and fixed
3. PDSCH-to-HARQ_feedback timing indicator (DL): [3 bits] ([1-2 bits] if new design)
This field may be reduced from 3 bits to 1 or 2 bits since it is likely that the HARQ feedback would need to be reported with a very short time from the PDSCH-end to facilitate very short RTT.
4. VRB-to-PRB indicator (DL): [0 bit]
At least for PDSCH scheduling, interleaved VRB-to-PRB mapping always applied for PDSCH scheduling.
5. TPC command for PUCCH (DL): [2 bits]
Always present and fixed
UL specific fields
1. Frequency hopping bit for PUSCH scheduling (UL): [0 or 1 bit]
May be removed and FH assumed as always enabled except when the entire UL BWP is allocated, or following higher layer configuration (latter applicable at least for DCI format 1_1).
2. UL/SUL indicator field (UL): [1 bit] 
Always present. 
3. TPC command for scheduled PUSCH (UL): [2 bits]
Always present
Fields specific to non-fallback DCI formats
Common fields between DL and UL 
1. Carrier Indicator Field (DL/UL): [3 bit] ([1 bit] if new design)
This field could be reduced to 1 bit (originally can take 0 bits or 3 bits) by restricting configuration up to two candidate component carriers (CCs).
2. BWP indicator field (DL/UL): [0 bits]  
BWP switching time for the more capable UEs, is at best ~600 microsecond. This is in fact a big portion of the 1msec URLLC latency budget and as a result, dynamic BWP switching may not be supported by the new DCI format.
3. SRS request fields (DL/UL): [2 bits] ([0-1 bit] if new design)
2 bits for UEs not configured with SUL in the cell; 3 bits for UEs configured SUL in the cell where the first bit is the non-SUL/SUL indicator. 
The SRS request field is to trigger aperiodic SRS transmissions, and is always present in current non-fallback format (2 bits providing aperiodic triggering for at least 3 SRS resource sets). It provides sufficient flexibility for URLLC scenarios, and quick and flexible SRS transmissions for fast link adaptation in TDD (when reciprocity is feasible) and UL scheduling. 
On the other hand, if considering a new format, it could be reduced to 0 or 1 bit as well (i.e., fixed) or configurable based on higher layer configuration of the number of resource sets
DL specific fields 
1. PRB bundling size indicator (DL): [0 bit]
This field could be removed and the PRB bundling size configured by higher layers.
2. Rate-matching indicator (DL): [0 bit] 
This field may be removed or be limited to 1 bit (from 0,1,2). To let the PDSCH utilize all available resources in the mini-slot that are not occupied by PDCCH or other channels. This can be configurable by higher layers if the new DCI format is defined as a “configurable” format.
3. CBGTI, CBGFI (DL): [0 bit]
4. DMRS sequence initialization fields for DL scheduling DCI format: [1 bit]
Always present.
5. TCI (DL): [0 bits]
TCI and AP information is configured by higher layers.
6. ZP CSI-RS trigger DL: [0 bits]
7. APs for scheduling DCI format DL: [4 bits] ([1-2 bits] if new design)
Currently always present (4, 5, 6). 
UL specific fields
1. DAI in UL scheduling DCI format UL: [1 bit] 
Only semi-static HARQ-ACK feedback supported.
2. SRS resource indicator UL: [0 bit]
The bit-width of SRI field in UL grant is determined by N = ceil(log2(# of SRS resources in the
set)).
The SRI bit-field is mainly to indicate the associated precoding for PUSCH transmission and for URLLC, assuming single-layer PUSCH transmission, this field takes 0 bits (following from Lmax = 1, applicable for non-codebook based UL case). For either non-codebook-based or codebook-based PUSCH transmissions, N = 1 for URLLC (i.e., the precoding is applied over a configured set of antenna ports based on the single-configured SRS resource).
3. PTRS-DMRS association UL: [0 bit]
4. CBGTI fields for UL scheduling DCI format: [0 bit]
5. beta_offset indicator UL: [0 bits]
6. DMRS sequence initialization field UL: [0 bit]
7. CSI request UL: [1 bit]
Can range from 0-6 bits. 1 bit assumed in current study for URLLC. This can be configurable by higher layers if the new DCI format is defined as a “configurable” format.
8. Precoding information and number of layers field UL: [0 bit]
Non-codebook based precoding is default for UL scheduling using the new DCI format for URLLC.
9. APs for scheduling (UL): [2 bits] ([0 bit] if new design)
Originally, it can take 2, 3, 4 or 5 bits. For URLLC design, can could be configured by higher layers for new DCI format. 
Potential new fields for URLLC application
In case a UE supports both eMBB and URLLC traffic, handling between the two traffics may require some DCI indication, e.g., DL PI indication. However, this is not absolutely essential and the need may be addressed to a certain extent via proper configuration of PI monitoring and UE-grouping. 
Similarly, few other options of indicating number of repetitions for shared channel, A-CSI request in DL assignment DCI, rank indication, etc. have been proposed at the last meeting.
However, most of these can be seen as non-essential to satisfy basic URLLC performance requirements, which is the primary target in Rel-15.
[bookmark: _GoBack]Considering the remaining time for Rel-15, further enhancements towards improving system spectral efficiency or consideration of diverse sets of applications would be more appropriate for a future Release.   
Summary of different DCI format options
Tables below, summarize the DCI formats and sizes, based on the fallback and non-fallback formats. The new format based on modified fallback DCI, presented in purple color, is mainly based on the proposed design in #92b [2],[3],[4]. 
In the DCI designs based on the fallback/non-fallback DCIs presented in orange/blue colors, respectively, the fields from fallback/non-fallback DCIs are preserved, and the smallest bit-width for each field suitable for URLL cases are considered, within the range of the allowed values for the existing fallback/non-fallback format.
In the last column presented in green color, the design based on modified non-fallback DCI is shown, adjusted for URLLC scenarios. This can result in introduction of a new DCI format, which requires handling of the new DCI size in addition to the exiting size, in order to maintain the DCI size and BD budgets.
In the tables, the items in red color, represent the fields which were proposed by different companies for the new design, and are not present in the existing DCI formats.
Table 1: New DCI format based on modified FB DCI (in purple), FB (in orange), non-FB (in blue), and reduced non-FB (in green), for DL URLLC
	DCI for DL assignment
	e///
	HW
	QC
	SONY
	Vivo
	ZTE
	MTK
	NTT
DCM
	Intel
	Intel
	Intel
	Intel

	Header/Identifier for DCI format
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Frequency-domain PDSCH resources
	8
	5
	9
	5-7
	9
	7
	9
	4-10
	5-7
	5-7
	5-7
	5

	Time-domain PDSCH resources
	2
	2
	2
	1-2
	0-[2]
	2
	4
	2-3
	1-2
	1-2
	1-2
	1-2

	VRB-to-PRB mapping
	0
	0
	1
	0
	0-[1]
	1
	0
	0
	0
	0
	0
	0

	Modulation and coding scheme
	4
	4
	5
	2-3
	2-[4]
	4
	4
	4
	2-3
	5
	5
	4 

	Redundancy version
	1
	2
	2
	1
	0-[1]
	
	0
	1
	0
	2
	2
	0-1

	New data indicator
	1
	1
	1
	1
	0-[1]
	1
	1
	1
	1
	1
	1
	1

	HARQ process number
	2
	3
	2
	2-3
	0-[3]
	2
	1
	1-2
	1-3
	4
	4
	1-3

	Downlink Assignment Index
	0
	0
	0
	0
	0
	2
	0
	0
	2
	2
	2
	0

	TPC command for PUCCH
	0
	2
	2
	2
	0-[2]
	0
	2
	2-3
	2
	2
	2
	2

	PUCCH resource indicator
	2
	1
	0
	2
	0-[2]
	0
	2
	
	2
	2
	2
	2

	PDSCH-to-HARQ feedback timing indicator
	0
	2
	1
	1-2
	0-[1]
	0
	0
	
	1-2
	3
	3
	1-2

	Carrier indicator
	0
	0
	2
	0
	
	0
	
	
	0
	0
	0
	0

	Rate-matching indicator
	0
	0
	1
	0
	
	0
	
	
	0
	0
	0 
	0 

	BWP indicator
	
	
	
	
	
	
	
	
	0
	0
	0
	0

	PRB bundling size indicator
	
	
	
	
	
	
	
	
	0
	0
	0
	0

	ZP CSI-RS trigger
	
	
	
	
	
	
	
	
	0
	0
	0
	0

	CBGFI
	
	
	
	
	
	
	
	
	0
	0
	0
	0

	CBGTI
	
	
	
	
	
	
	
	
	0
	0
	0
	0

	Antenna port(s)
	
	
	
	
	
	
	
	
	0
	0
	4
	1-2

	TCI (Transmission Configuration
Indication)
	
	
	
	
	
	
	
	
	0
	0
	0
	0

	SRS request
	
	
	
	
	
	
	
	
	0
	0
	2
	0-1

	DMRS sequence initialization
	
	
	
	
	
	
	
	
	0
	0
	1
	1

	ACSI
	0
	1
	0
	0
	
	0
	
	
	0
	0
	0
	0

	Repetition indicator
	0
	0
	0
	0
	
	2
	
	
	0
	0
	0
	0

	Rank indicator
	0
	0
	1
	0
	
	0
	
	
	0
	0
	0
	0

	DL PI indication
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Num of info bits
	21
	24
	30
	18-24
	
	22
	24
	17-26
	17-25
	28-31
	35-38
	20-27

	RNTI / CRC
	24
	24
	24
	24
	24
	24
	24
	<=24
	24
	24
	24
	24

	Num of info bits incl. CRC/RNTI
	45
	48
	54
	42-48
	36-[51]
	46
	48
	-
	41-49
	52-55
	59-62
	44-51

	
	
	
	
	
	
	
	
	
	
	
	
	

	Total
	45
	48
	54
	42-48
	36-[51]
	46
	48
	
	41-49
	52-55
	59-62
	44-51



Table 2: New DCI format based on modified FB DCI (in purple), FB (in orange), non-FB (in blue), and reduced non-FB (in green), for UL URLLC
	DCI for DL assignment
	e///
	HW
	QC
	SONY
	vivo
	ZTE
	MTK
	NTT
DCM
	Intel
	Intel
	Intel
	Intel

	Identifier for DCI formats
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Frequency domain resource assignment
	8
	5
	9
	5-7
	9
	7
	9
	4-10
	5-7
	5-7
	5-7
	5-7

	Time domain resource assignment
	2
	2
	2
	1-2
	0-[2]
	2
	4
	2-3
	1-2
	1-2
	1-2
	1-2

	Frequency hopping flag
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1

	Modulation and coding scheme
	4
	4
	5
	2-3
	2-[4]
	4
	4
	4
	2-3
	5
	5
	4  

	Redundancy version
	1
	2
	1
	1
	0-[1]
	
	1
	1
	0
	2
	2
	0-1

	New data indicator
	1
	1
	1
	1
	0-[1]
	1
	1
	1
	1
	1
	1
	1

	HARQ process number
	2
	3
	2
	2-3
	0-[3]
	2
	1
	1-2
	1-3
	4
	4
	1-3

	TPC command for scheduled PUSCH
	0
	2
	2
	2
	0-[2]
	2
	2
	2
	2
	2
	2
	2

	UL/SUL indicator
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1

	Carrier indicator
	0
	0
	2
	0
	0
	0
	0
	0
	0
	0
	0
	0

	BWP indicator
	
	
	
	
	
	
	
	
	0
	0
	0
	0

	DAI
	
	
	
	
	
	
	
	
	0
	0
	1
	0-1

	Precoding information and number
of layers
	
	
	
	
	
	
	
	
	0
	0
	0
	0

	CBGTI
	
	
	
	
	
	
	
	
	0
	0
	0
	0

	SRI (SRS resource indicator )
	
	
	
	
	
	
	
	
	0
	0
	0
	0

	PTRS-DMRS association
	
	
	
	
	
	
	
	
	0
	0
	0
	0

	Antenna ports
	
	
	
	
	
	
	
	
	0
	0
	2
	0

	SRS request
	
	
	
	
	
	
	
	
	0
	0
	2
	0-1

	CSI request
	
	
	
	
	
	
	
	
	0
	0
	0-1
	0-1

	beta_offset indicator
	
	
	
	
	
	
	
	
	0
	0
	0
	0

	DMRS sequence initialization
	
	
	
	
	
	
	
	
	0
	0
	0
	0

	Waveform indicator
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Rank indicator
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Repetition indicator
	0
	0
	0
	0
	0
	2
	0
	0
	0
	0
	0
	0

	Number of information bits
	20
	21
	29
	16-22
	12-[23]
	22
	24
	17-26
	13-20
	22-25
	28-32
	17-26

	RNTI / CRC
	24
	24
	24
	24
	24
	24
	24
	<=24
	24
	24
	24
	24

	Number of information bits incl. CRC/RNTI
	44
	45
	53
	40-46
	36-[47]
	46
	48
	
	37-44
	46-49
	52-56
	41-50

	
	
	
	
	
	
	
	
	
	
	
	
	

	Total
	45
	48
	54
	40-46
	36-[47]
	46
	48
	
	37-44
	46-49
	52-56
	41-50



3 On the necessity of defining URLLC DCI format
As mentioned earlier, two main options regarding the handling of control signaling for URLLC scenarios include:
· reusing the existing fallback and non-fallback formats as for eMBB with no further changes; and
· defining new DCI format based on fallback or non-fallback DCI formats. 
In case a new format is defined, more flexibility can be achieved if it is designed based on non-fallback DCI format – with potentially configurable fields. 
More importantly, the new DCI format, if defined should be a configurable DCI format. The new format allows to potentially introduce new fields enabling the URLLC required features, as well as optimizing the exiting fields to better suit the characteristics of URLLC traffic. 
However, based on the study in Section 2, we observe the following:
· The resulting DCI format payload sizes, offered by existing formats, when used in proper configuration, yields typical sizes that are well within the range of payload sizes evaluated in RAN1 (40 + 24 bits) and have been concluded to achieve ultra-reliability targets in most typical scenarios for URLLC.
· The DCI payload sizes offered by existing DCI formats, when used in proper configuration, are actually comparable to the potential new DCI formats. 
· The potential enhancements possible with new fields may not be essential for Rel-15.
· Adjustment of bit-widths or re-interpretations of some fields may facilitate some added flexibility in addressing URLLC use cases. However, as explained next, this can come at a high expense in further complicating the overall DCI format designs and PDCCH monitoring characterizations – that may not be justified by the potential benefits in scheduling flexibility or resource utilization efficiency in some cases.

Introducing a new DCI format requires additional considerations regarding the UE monitoring capabilities, DCI size budget, and the number of blind decoding attempts, especially if no increase in the maximum number of DCI format sizes (for data scheduling) monitored in a slot is to be respected. 
One possibility is that if a new format is introduced, it is optionally supported by UE, and needs to be configured by dedicated RRC. The UE can then be configured as part of the search space set configuration in PDCCH-Configuration, to monitor in the UE-SS between either: (i) fallback DCI formats, (ii) non-fallback DCI formats, and (iii) new (modified non-fallback) DCI formats, or between (ii) and (iii) once new (modified non-fallback) DCI format is introduced. 
It is possible that the new DCI format is size-matched to the existing non-fallback format to avoid introducing a new DCI size. Then, if the UE is expected to monitor for both non-fallback DCI formats, and new (modified non-fallback) DCI format, identification between these two formats needs to be defined. Introducing new RNTIs for URLLC is one possible approach, but this is definitely not preferable due to the increase in false alarm rate. Also, introducing a new header bit to indicate between these formats is not desirable considering the overall benefits.
On the other hand, only optimization of DCI fields’ payloads does not necessitate introduction of a new DCI format. Particularly, some of the fields in the existing non-fallback formats can be modified/reinterpreted compared to eMMB to better match the URLLC requirements, if sufficiently justified. However, from the above analysis, such a clear justification appears to be lacking. 

Overall, given the lack of sufficient justification that some new features, functionalities, or capabilities are essential to enable the URLLC traffic and corresponding signaling is required to be indicated in the DCI, and given the additional complexity to both UE, network, and specifications at this very late stage in Rel-15, introduction of new DCI format appears as unnecessary. Essentially, the existing DCI formats provide sufficient flexibility and reliability to support URLLC requirements.

Proposal 1: 
· No new DCI format beyond existing formats is introduced in Rel-15.
· DCI formats 0_0/1_0 and 0_1/1_1 can be used for data scheduling for URLLC use cases.

4 Conclusions
In this contribution, we discussed the URLLC DCI format design aspects, to achieve the URLLC targets. Based on the discussion and analysis, we have the following proposal:
Proposal 1: 
· No new DCI format beyond existing formats is introduced in Rel-15.
· DCI formats 0_0/1_0 and 0_1/1_1 can be used for data scheduling for URLLC use cases.
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