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Introduction
One of the specific URLLC related feature that was agreed during the Rel-16 SI is introducing a new URLLC specific DCI with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0. Furthermore, in RAN1#96b, the following agreements have been made to support or discard some fields from the new DCI: 
Agreements:
Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.
· Carrier indicator (0 bit or at least one non-zero bit)
· PRB bundling size indicator (0 or 1 bit)
· Rate matching indicator (0, 1 or 2 bits)
· ZP CSI-RS trigger (0, 1 or 2 bits)
Agreements:
The following fields from Rel-15 DCI format 1_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the DL DCI format scheduling Rel-16 URLLC. 
· Modulation and coding scheme for TB 2
· New data indicator for TB 2
· Redundancy version for TB 2
· CBG transmission information 
· CBG flushing information 

Agreements:
[bookmark: _GoBack]Keep the following two fields without any change from Rel-15 DCI in DCI format scheduling Rel-16 URLLC:
· Identifier for DCI formats (1 bit) (when applicable)
· New data indicator (1 bit)
Agreements:
The following field from Rel-15 DCI format 0_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the UL DCI format scheduling Rel-16 URLLC: 
· CBG transmission information 
In this contribution, we discuss the remaining details for the design of the new DCI and we share our preferred options. Next, we discuss some potential enhancements for the PDCCH monitoring. We conclude by sharing our views on the impact of the PDCCH overbooking and dropping rules. 
Compact DCI 
In this section, we share our views regarding the design of the UL and the DL new DCI for eURLLC scheduling. 
Some of the Rel-15 DCI fields could be kept the same, fixed, truncated or made configurable: 
1. Fixed to predefined values or semi-statically signalled–We may not need too much flexibility for URLLC allocation, some fields therefore such as ‘VRB-to-PRB mapping’ can be semi-statically configured and completely removed from the DCI.
1. Retained as in fallback DCI – The fields “Identifier for DCI formats”, “New data indicator” and “TPC command for scheduled PUCCH” could be retained as in the fallback DCI.
1. Truncated – 
2. Frequency domain resource allocation (FD-RA): Since the URLLC resource allocations are spread in frequency domain than in time domain to reduce the latency, the FD-RA bits can be truncated (coarse allocation of frequency resources). More discussion on FD-RA in section 2.1.
2. Time domain resource allocation (TD-RA): In URLLC, it is expected that the gNB will schedule the UE with the earliest available resources. Thus, it is not expected that the network uses large values of K0 and K2 for time domain scheduling. Therefore, if some of the scheduling parameters (such as K0, K1, K2, PUSCH/PDSCH mapping types) are implicitly indicated to the UE, this reduces the size of the TD-RA RRC configured table and therefore the number of bits in the DCI (to signal one row in the table) could be reduced. More discussion on TD-RA in section 2.2.
1. Some fields could be made configurable as per the RAN1#96 agreement like the Antenna ports bit-field. 
According to the previous agreements, it was decided to have the following four fields as configurable: 
	DCI Fields 
	Number of bits

	Carrier indicator
	0 bit or at least one non-zero bit

	PRB bundling size indicator
	0 or 1 bit

	Rate matching indicator
	0, 1 or 2 bits

	ZP CSI-RS trigger
	0, 1 or 2 bits



And regarding the following two fields, it has been agreed to keep them the same as in the Rel-15 DCI:
	DCI Fields 
	Number of bits

	Identifier for DCI formats
	1 bit

	New data indicator
	1 bit


It was also agreed to not include (or configure them to be absent in case reusing the existing format): 
· Rel-15 DCI format 0_1 CBG transmission information field. 
· Rel-15 DCI format 1_1 fields: Modulation and coding scheme for TB 2, New data indicator for TB 2, Redundancy version for TB 2, CBG transmission information, CBG flushing information 
In the following, we analyse the remaining fields that could be included, removed or made configurable
0. FD-RA field
Given that FD-RA Type 1 requires fewer bits to indicate the RBs assignment (compared to Type 0), it should be used for the compact DCI. The granularity used for Type 1 is 1 RB, resulting in the number of bits for the FD-RA field given by

where N is the number of RBs in the BWP. Assuming N ranges between 24 and 275 RBs, the number of bits for the FD-RA field will range between 9 and 16 bits. To reduce the number of bits for the FD-RA field, the granularity for Type 1 FD-RA can be reduced. To this end, the allocation granularity can be fixed and the FD-RA field size will depend on the number of RBs (N). Table 1 shows an example of the required number of FD-RA bits where the granularity is 6 RBs. The drawback of this method is that the DCI size will change based on the number of RBs, which may impact the PDCCH reliability.
[bookmark: _Ref510811549]Table 1: FD-RA field size for 6 RBs granularity.
	#RBs (N)
	min
	7
	13
	19
	31
	43
	61
	91
	133
	187
	265

	
	max
	12
	18
	30
	42
	60
	90
	132
	186
	264
	275

	FD-RA bits
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11


Another alternative is to fix the number of FD-RA bits and change the step size based on the number of RBs (N). Table 2 and Table 3 show an example of the FD-RA granularity when the FD-RA field size is fixed to 9 and 8 bits, respectively. As it can be noticed from the tables below, reducing the FD-RA field size by 1 bit can reduce the FD-RA granularity considerably for large number of RBs.
[bookmark: _Ref510811591]Table 2: FD-RA granularity for 9 bits field size.
	#RBs (N)
	min
	<32
	32
	63
	94
	125
	156
	187
	218
	249

	
	max
	
	62
	93
	124
	155
	186
	217
	248
	275

	granularity
	1
	2
	3
	4
	5
	6
	7
	8
	9


[bookmark: _Ref510811595]Table 3: FD-RA granularity for 8 bits field size.
	#RBs (N)
	min
	<23
	23
	45
	67
	89
	111
	133
	155
	177
	199
	221
	243
	265

	
	max
	
	44
	66
	88
	110
	132
	154
	176
	198
	220
	242
	264
	275

	granularity
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13


Reducing granularity of the FD-RA will have an impact on the scheduling flexibility and the system spectral efficiency. Spectral efficiency loss can occur when the gNB allocates RBs more than what is needed for the transmission due to the coarse resource allocation granularity. Thus, very coarse resource allocation granularity should be avoided.
Proposal 1: Use frequency domain resource allocation Type 1 for compact DCI.
Proposal 2: The FD-RA field size in the compact DCI should be reduced compared to fall-back DCI.
Proposal 3: Use a fixed number of bits for the frequency domain resource allocation field in the compact DCI.
0. TD-RA field
For smaller SCS, due to latency constraints, there are few opportunities for retransmissions and hence to give more flexibility for the scheduler it is desirable to have finer time domain allocation (hence more bits for smaller SCS). On contrary, for higher SCS, since more transmission opportunities are available we can reduce the number of bits as the scheduler has flexibility to transmit data over retransmissions. This is applicable to both DCI scheduling DL data and UL data.
In addition, some of the scheduling parameters that are indicated via the time-domain resource assignment field can be implicitly indicated to the UE to reduce the number of bits in the compact DCI. Due to the latency requirement in URLLC, it is expected that the gNB schedules the UE with the earliest available resources. Hence, for UL transmission, K2 is more likely to be 0 or 1, and higher values of K2 may not be practical for URLLC applications. Thus, the value of K2 can be implicitly indicated to the UE. One way to implicitly indicate K2 is as follows:
· If the SLIV in the UL grant points to resources that start after the PDCCH (that allocated the UL resources) combined with N2, then it is implicitly indicated that K2 equals 0.
·  On the other hand, if the SLIV in the UL grant points to resources that start before the PDCCH (that allocated the UL resources) combined with N2, then it is implicitly indicated that K2 equals 1. Similar approaches can be adopted for implicitly indicating K0 as well.
This allows for an effective usage of the SLIV bit field which is not very well used if the PDCCH scheduling occasion is towards the end of the slot. This also allows for a 14 OS scheduling window in the future without using K0/K2 and regardless of the position within the slot of the PDCCH scheduling the transmission.
[image: ]
Proposal 4: For compact DCI, some of the scheduling parameters (e.g. K0, K1, and K2) are implicitly indicated to the UE.
For UEs that support multiple service simultaneously (e.g. eMBB and URLLC), it may not be possible to have a single time domain resource allocation (TD-RA) table (pusch-symbolAllocation and pdsch-symbolAllocation) that is suitable for different services’ requirements because the current Rel-15 TD-RA framework is not sufficient for high-latency services. For example, for eMBB, the gNB may configure the UE with TD-RA table that has parameters (K0/K2, SLIV and mapping types) with values suitable for eMBB traffic scheduling but not suitable enough for URLLC scheduling. Therefore, it is better if the UE could be configured by RRC with more than one TD-RA table and one table is activated semi-statically (e.g., by another RRC parameter).
Another possibility is to configure the UE with more than one TD-RA table and more than one TD-RA table can be activated dynamically for different transmissions. One table can be activated for URLLC-type service while another table is activated for eMBB-type service. The identification of the TD-RA table can be achieved explicitly or implicitly (different RNTI, different search space/CORESET, different DCI format/payload size).
Also, for compact DCI, the TD-RA table may have less entries compared to the table for other scheduling DCI formats to reduce the TD-RA field size.
Proposal 5: The UE is configured with separate TD-RA table for compact DCI.
It is obviously desirable for the purpose of compact DCI to use a scheduling DCI for URLLC with small TD-RA bit field size. But on the other hand, URLLC-only UEs need more than 16 semi-statically configured TD-RA options to achieve low-latency requirements (16 combinations provide insufficient granularity in time-domain, e.g., considering different combinations of 1st symbol + duration). Multiple possible enhancements to the TD-RA framework could be explored to resolve this issue. 
Changing the reference point for the start indication of URLLC is one potential option. The starting symbol position in a TD-RA configuration is configured and/or interpreted by UE based on a reference point. Current NR TD-RA design uses slot boundaries as reference point. This is insufficient for strict latency requirements. One possibility is to use half-slot boundary instead of slot boundary. Also, the first or the last symbol of a configured CORESET can define a reference point. This will allow to reduce the size of the required TD-RA table. 
Proposal 6: To reduce the size of the TD-RA table use the first or the last symbol of a configured CORESET as the time reference.
If we target good reduction in DCI size, completely removing the TD-RA bit-field from the DCI to have a more compact DCI is also a tangible option. Or alternatively, this bit field could be defined with configurable size as for Rel-15 DCI DCI formats 1_1 and 0_1. 
If the TD-RA bit-field is to be removed from the DCI, the dynamic scheduling grant is configured without a TD-RA information field and the missing information is provided by other means (e.g., a reference window, or some reference ‘point(s)’ in time-domain : E.g. Data scheduled back to back after the CORESET)
To improve the URLLC latency, support of TD-RA crossing slot boundaries should also be supported. At least, TD-RA across slot boundary should be allowed when the additionally incurred delay without across-slot-boundary assignment is greater than a threshold T parameter where delays larger than T could highly impact the overall latency. 
0. Other remaining fields
· Redundancy Version (RV)
For larger SCS there are more opportunities for (re)transmissions and hence the target BLER for each transmission can be relaxed and higher code rates can be used. With higher code rates, incremental redundancy (IR) combining can outperform the performance of chase combining (CC), hence different RV for each (re)transmission will be needed. Therefore, more bits can be allocated to the RV index field in the DCI. For smaller SCS, there are fewer opportunities for transmissions and hence the target BLER for each transmission will be small implying that lower code rates are used. In these scenarios, no gains (or marginal) can be expected from IR combining. Thus, there will not be a need for more RV versions. This is applicable to both DCI scheduling DL data and UL grant.
Support a configurable redundancy version field size of 0, 1 or 2 bits with potential dependency on the SCS.
· HARQ Process Number 
The maximum number of HARQ processes depends on how many parallel HARQ processes can be supported within the round trip time (RTT) of a transmission. Due to the eURLLC stringent latency requirement, the RTT is much shorter for eURLLC compared to eMBB. Therefore, the number of HARQ processes needed for eURLLC will be smaller than eMBB.
In Rel-15, the HARQ process number bit-field occupies 4 bits for DCI formats 0_0/1_0 and 0_1/1_1 allowing for 16 parallel HARQ processes. This large number of parallel HARQ processes is not needed for eURLLC and the number of bits could be reduced. 
Furthermore, the RTT depends on at least the UE processing time (N1) for the PDSCH decoding, which is a function of the SCS. Similarly for DCI scheduling UL data, N2 is the UE processing time taken to prepare the packet and it is a function of the SCS. Implying, for shorter RTT, less number of HARQ processes can be supported. Hence, the maximum number of HARQ processes can be smaller for smaller SCS compared to larger SCS. 
Hence, Support a configurable number of HARQ processes with 2 or 3 bits field. 
· Downlink Assignment Index 
The downlink assignment index used to accumulate the HARQ feedback bits of previous transmissions and transmit using a single UL PUCCH resource using a codebook. The size of this field should be flexible. For example, for larger SCS, the gNB has more opportunities for transmissions within the latency constraint, and hence the gNB can potentially signal the UE to accumulate the HARQ feedback bits and transmit using a single PUCCH resource to improve the UL resource utilization. Hence, more bits in the downlink assignment index will be needed for large SCS – to give more flexibility for gNB in handling HARQ feedback bits. For smaller SCS, due to latency constraint the gNB may signal the UE to accumulate few of the HARQ feedback bits over previous transmissions, and hence very few bits are required to represent this field.
Support a configurable number of bits for the Downlink Assignment Index field. 
· PUCCH resource indicator 
For large SCS, a UE can be configured with few PUCCH resources in an UL slot as the gNB has the flexibility in using PUCCH resources in the subsequent UL slots and will still satisfy the latency constraint. However, for smaller SCS, due to latency constraint, more PUCCH resources are required to be configured in an UL slot so as to increase the HARQ feedback opportunities. 
              Support a configurable number of bits for the PUCCH resource indicator. 
· PDSCH to HARQ feedback timing indicator 
Considering the eURLLC stringent latency requirement, the values signalled in this field are likely to be smaller than in eMBB. Also the suitable configuration may depend on the used numerology. With smaller SCS, since there are lesser opportunities for HARQ retransmissions and given the latency requirements for URLLC, it is expected that the HARQ timing indicator will point to the earliest slot. Example: K1 pointing to 0 or 1 in small SCS – requiring 1 bit for this field. On the other hand, for larger SCS, there are more opportunities for UL slots for HARQ feedback transmission and the HARQ timing indicator can be configured to have more entries (and hence more bits required to represent the field). 
We therefore support a configurable number of bits for PDSCH to HARQ feedback timing indicator which could be 0, 1, 2 or 3 bits.
· Antenna Port  Indicator 
MIMO transmission schemes could be very useful for eURLLC and the MIMO related fields could be configurable to the eURLLC UEs. In the Rel-15 DCI formats this field can occupy up to 6 bits. This size is too large for the eURLLC DCI to accommodate. We need therefore to narrow down the possible MIMO schemes relevant to eURLLC to reduce the maximum size of this field compared to Rel-15. 
We therefore support a configurable number of bits for the Antenna port field. 
· SRS Request
SRS request with configurable number of bits could be used for eURLLC but the number of bits should be reduced compared to Rel-15 DCI. E.g. 0, 1 or 2. 
· DMRS sequence initialization
DMRS sequence initialization allows for a selection between two preconfigured DMRS sequences. This is needed to achieve DMRS DL orthogonality between co-scheduled users and for interference randomization especially for cell-edge UEs
We therefore support a configurable number of bits for DMRS sequence initialization. E.g. 0 or 1 bit. 
· Remaining bit-fields
The remaining bit-fields and the summary of the previously mentioned bit-fields could be found in Appendix A. 

Enhancements for PDCCH monitoring
Increase of CCEs/BDs
In this section, we will provide some latency analysis for different numerologies using the parameters given in Table 5. In this analysis, we compare the CDF of latency for different PDCCH monitoring configuration periodicities. The aim is to determine the number of required PDCCH monitoring occasions to meet the URLLC latency requirement. 
Based on the number of required PDCCH monitoring occasions and assuming at least the support of two non-overlapping PDCCH candidates of AL16 per occasion, the number of required CCEs is derived. The assumption of two non-overlapping PDCCH candidates of AL16 per occasion is needed to allow for low blockage probability.
Figure 1 and Figure 2 show the CDF of the latency for a single shot transmission for SCS = 15 kHz and SCS = 30 kHz. Various PDCCH monitoring periodicities are evaluated to determine the periodicity needed to meet the latency requirement. 
For example for SCS = 15 kHz and with a single shot transmission, PDCCH monitoring configuration with 4 OS periodicity is needed to meet the 1ms latency required, which is equivalent to at least 3 PDCCH monitoring occasions configured. 
	[image: ]
[bookmark: _Ref5031366]Figure 1: SCS =15 kHz 
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[bookmark: _Ref5031379]Figure 2: SCS =30 kHz 


Table 4 shows the number of CCEs required to meet the 1ms latency target while accommodating two non-overlapping AL16 candidates or only one AL16 candidate per each monitoring occasion.
 The Table shows that 96 CCEs and 32 CCES are required respectively for SCS = 15 kHz and 30 kHz with two non-overlapping AL16 candidates per occasion. 
 As a result, we can deduce that the number of CCEs need to be increased for 15 kHz to 96 CCEs instead of 56 CCEs in Rel-15 and the number of CCEs could be maintained the same for the remaining numerologies. 
	
	Monitoring occasions
	CCEs required
(2xAL16)
	CCEs required
(1xAL16)
	Rel-15

	SCS=15kHz
	3
	96
	48
	56

	SCS=30kHz 
	1
	32
	16
	56


[bookmark: _Ref5031426]Table 4 : CCEs required assuming two non-overlapping AL16 candidates per monitoring occasion
Proposal 7: Increase the number of CCEs to 96 for SCS = 15 kHz and keep the same Rel-15 numbers for the remaining numerologies.
Also, for SCS = 30kHz and SCS = 60kHz, if the number of monitoring occasions is needed to be higher than 1 (E.g. 2 or 3 monitoring occasions) to meet the latency requirements, then we should restrict the number of non-overlapping CCEs per monitoring occasion to 16 CCEs as having more than 16 CCEs per monitoring occasion will consume very large frequency resources. 
Another concern about increasing the BDs/CCEs limits is the impact on the eMBB-only UEs. In fact, increasing the CCEs and BDs limits for all the UEs including the eMBB-only UEs will add extra complexity for the UE implementation. eMBB-only UEs are not required to support the increased CCEs/BDs limits intended mainly to the UEs supporting the URLLC service. One possibility to tackle this issue is to have more flexibility in defining the CCEs/BDs limits. One approach is to specify multiple CCEs/BDs numbers for each numerology (E.g. one intended for eMBB and one for the URLLC service) and define them as UE capabilities (E.g. Rel-15 as the baseline capability and Rel-16 new capability). 
Proposal 8:  Multiple BDs/CCEs limits could be specified per numerology and defined as UE capabilities.
CCEs/BDs Budget distribution
In RAN1#96 the following agreement has been reached: 
Agreements:
Support increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for Rel-16 NR URLLC for at least one SCS subject to the following restrictions:
· Explicit limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion and/or per monitoring span, and
· The set of applicable SCS(s) to be finalized during the WI phase
Additional restrictions (e.g., impact # of CCs if any, potential limitations on PDSCH/PUSCH processing, impact of wideband RS for CCE counting if any, etc.) can be considered during the WI phase

As shown in the agreement above, defining an explicit limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion and/or per monitoring span is a reasonable restriction to limit the UE complexity for channel estimation and blind decoding. 
We support extending the Rel-15 feature group 3-5b to allow the UE to report its maximum number of BDs/non-overlapping CCEs per monitoring span together with the supported span durations and span gaps. 


Figure 3: Feature 3-5b with limitation on maximum #CCEs and #BDs included in the report
As in Rel-15 Feature 3-5b where (X, Y) is reported to the gNB, the UE could report (X, Y, M, N) where M and N are included in the UE report. 
M is defined as the maximum number of CCEs per monitoring span defined by (X,Y) and N is the maximum number of BDs per monitoring span defined by (X,Y). 
If the UE has reported multiple candidates: e.g C1 = (X1, Y1, M1, N1), C2 = (X2, Y2, M2, N2). The obtained PDCCH monitoring span arrangement meets the UE capability limitation if the span arrangement satisfies the gap separation for at least one (X, Y) in the UE reported candidate value set in every slot, including cross slot boundary.
If multiple configurations are valid (e.g. both C1 and C2 satisfy the gap separation), a single value of M and N should be selected. We propose to select the value of M and/or N of the valid configuration with the largest value of X. 
The possible values of M and N could be left to the UE to report based on its capabilities. Alternatively, a set of possible values of M and N could be specified and the UE could pick the values to report in each UE report candidate (X, Y, M, N) based on its capability.
Proposal 9: Adopt the Rel-15 feature 3-5b framework for the PDCCH monitoring and extend it with the limitation on the maximum number of non-overlapping CCEs and maximum number of blind decodes per PDCCH monitoring span. 
The behavior of the UE should be defined if the obtained PDCCH monitoring span arrangement is invalid (e.g. the condition on different start symbol indices of PDCCH monitoring occasions is no more than 7 is violated). If dropping one or multiple configurations could lead to a valid span monitoring configuration, the UE could drop one or multiple configurations based on some priorities (E.g. search space index). Also, dropping one or multiple configurations should be done prior to the PDCCH overbooking check to avoid dropping rules conflict. 

Proposal 10: The UE behaviour if the obtained PDCCH monitoring span arrangement is invalid should be defined. 
PDCCH overbooking and dropping rules
A pseudo-code is defined in Rel-15 specs to handle the PDCCH overbooking. The PDCCH overbooking happens when the UE is configured with a number of PDCCH candidates to monitor larger than the #BDs specified limits. In the specified pseudo-code, CCEs/BDs allocation starts with search space (SS) with the lowest index. Therefore, priorities are currently given to the search spaces according to their indexes. This is not good for the URLLC traffic which could be scheduled by a PDCCH in a search space with high index and could be therefore dropped. 
To handle this issue multiple options are possible: 
· Option 1: Allocate priorities to search spaces and take those priorities into account in the PDCCH overbooking pseudo-code.
· Option 2: Split the CCEs/BDs budget equally (or with some priorities to the URLLC traffic) to avoid the risk of the CCEs being consumed from the initial monitoring occasion/CORESETs/search space.
Proposal 11: PDCCH overbooking and dropping rules should be reviewed for Rel-16 URLLC. 
Conclusion
In this contribution, we shared our views on how to enhance PDCCH transmission to meet the URLLC requirements. Based on the discussions and the analysis, we have the following proposals:
Proposal 1: Use frequency domain resource allocation Type 1 for compact DCI.
Proposal 2: The FD-RA field size in the compact DCI should be reduced compared to fall-back DCI.
Proposal 3: Use a fixed number of bits for the frequency domain resource allocation field in the compact DCI.
Proposal 4: For compact DCI, some of the scheduling parameters (e.g. K0, K1, and K2) are implicitly indicated to the UE.
Proposal 5: The UE is configured with separate TD-RA tables for different services.
Proposal 6: To reduce the size of the TD-RA table use half-slot as the reference time-domain region/window for the start symbol indexing in the TD-RA table.
Proposal 7: Increase the number of CCEs to 96 for SCS = 15 kHz and keep the same Rel-15 numbers for the remaining numerologies.
Proposal 8:  Multiple BDs/CCEs limits could be specified per numerology and defined as UE capabilities.
Proposal 9: Adopt the Rel-15 feature 3-5b framework for the PDCCH monitoring and extend it with the limitation on the maximum number of non-overlapping CCEs and maximum number of blind decodes per PDCCH monitoring span. 
Proposal 10: The UE behaviour if the obtained PDCCH monitoring span arrangement is invalid should be defined. 
Proposal 11: PDCCH overbooking and dropping rules should be reviewed for Rel-16 URLLC. 
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[bookmark: _Ref525545843]Table 5: Assumptions and parameters for UL/DL latency analysis
	UE processing
	Rel-15 capability 2

	gNB processing for DL
	N2

	gNB processing for UL
	N1

	gNB decodes HARQ-ACK
	PUCCH duration

	COREST duration
	1 OS

	PDSCH duration
	2 OS

	PUCCH Duration
	2 OS

	N1 {15kHz, 30kHz, 60kHz}
	{ 3, 4.5 , 9 }

	N2 {15kHz, 30kHz, 60kHz}
	{ 5, 5.5 , 11 } 



Table 6 : DL DCI bit-fields for Rel-16 URLLC
	Bit-fields for DL DCI
	DCI format 1_0 (bits)
	DCI Format 1_1 (bits)
	New DCI (bits)
	Comment

	Identifier for DCI formats
	1 bit
	1 bit
	1 bit
	Agreed to be kept the same as in the Rel-15 DCI

	Frequency domain resource assignment
	RA type 1 with size depending on the assumed BWP 

	RA type 0 and RA type 1 with size depending on the active BWP
 
	RA type 1 with fixed number of bits. 
	Support resource allocation type 1 with fixed number of bit width (e.g. 9 bits) and adjustable step size depending on the number of RBs.


	Time domain resource assignment
	4 bits
	0, 1, 2, 3 or 4 bits
	Reduced/
configurable
	To reduce the size of the TD-RA table (vs. Rel-15) use the first or the last symbol of a configured CORESET as the time reference.

	VRB-to-PRB mapping
	1 bit
	0 or 1 bit
	0 bit
	Removed (semi-statically configured)

	Modulation and coding scheme
	5 bits
	5 bits
	5 bits
	No need to change compared to the Rel-15 DCI

	New data indicator
	1 bit
	1 bit
	1 bit
	Agreed to be kept the same as in the Rel-15 DCI

	Redundancy version
	2 bits
	2 bits
	0, 1 or 2 bits
	Support a configurable redundancy version field size of 0, 1 or 2 bits with potential dependency on the SCS.


	HARQ process number
	4 bits
	4 bits
	0, 1, 2 or 3 bits
	Support a configurable number of HARQ processes with 0, 1, 2 or 3 bits field. 

	Downlink assignment index
	2 bits
	0, 2 or 4 bits
	configurable
	Support a configurable number of bits for the Downlink Assignment Index field. 


	TPC command for scheduled PUCCH
	2 bits
	2 bits
	2 bits
	No need to change compared the Rel-15 DCI

	PUCCH resource indicator
	3 bits
	3 bits
	configurable
	Support a configurable number of bits for the PUCCH resource indicator. 

	PDSCH-to-HARQ_feedback timing indicator
	3 bits
	0, 1, 2 or 3 bits
	0, 1, 2 or 3 bits
	Support a configurable number of bits for PDSCH to HARQ feedback timing indicator which could be 0, 1, 2 or 3 bits.


	Carrier indicator
	N/A
	0 or 3 bits
	0 bit or at least one non-zero bit
	Agreed to be 0 bit or at least one non-zero bit


	PRB bundling size indicator
		N/A
	0 or 1 bit
	0 or 1 bit
	Agreed to be 0 or 1 bit


	Rate matching indicator
	N/A
	0, 1, or 2 bits
	0, 1 or 2 bits
	Agreed to be 0, 1 or 2 bits

	ZP CSI-RS trigger
	N/A
	0, 1, or 2 bits
	0, 1 or 2 bits
	Agreed to be 0, 1 or 2 bits

	Antenna port(s)
	N/A
	4, 5, or 6 bits
	configurable
	We therefore support a configurable number of bits for the Antenna port field. 


	Transmission configuration indication
	N/A
	0 or 3 bits
	configurable
	TCI is needed for URLLC for the purpose of  QCL indication

	SRS request
	N/A
	2 bits
	configurable
	SRS request with configurable number of bits could be used for eURLLC but the number of bits should be reduced compared to Rel-15 DCI. E.g. 0, 1 or 2. 


	DMRS sequence initialization
	N/A
	1 bit
	0 or 1 bit
	Selection of initialization sequence for DMRS. Support a configurable number of bits (0 or 1 bit)

	BWP indicator
	N/A
	0, 1 or 2 bits
	configurable
	Support a configurable number of bits (0, 1 or 2 bits).

	Modulation and coding scheme for TB 2
	N/A
	5 bits
	0 bit
	Agreed to be not included  or configured as absent (0 bit) as in Rel-15 (in case reusing the existing format) 

	New data indicator for TB 2
	N/A
	1 bit
	0 bit
	Agreed to be not included  or configured as absent (0 bit) as in Rel-15 (in case reusing the existing format) 

	Redundancy version for TB 2
	N/A
	2 bits
	0 bit
	Agreed to be not included  or configured as absent (0 bit) as in Rel-15 (in case reusing the existing format)

	CBG transmission information
	N/A
	0, 2, 4, 6 or 8 bits
	0 bit
	Agreed to be not included  or configured as absent (0 bit) as in Rel-15 (in case reusing the existing format)

	CBG flushing information
	N/A
	0 or 1 bit
	0 bit
	Agreed to be not included  or configured as absent (0 bit) as in Rel-15 (in case reusing the existing format)




Table 7 : UL DCI bit-fields for Rel-16 URLLC
	Bit-fields for UL DCI
	DCI format 0_0 (bits)
	DCI Format 0_1 (bits)
	New DCI (bits)
	Comment

	Identifier for DCI formats
	1 bit
	1 bit
	1 bit
	Agreed to be kept the same as in the Rel-15 DCI

	Frequency domain resource assignment
	RA type 1 with size depending on the assumed BWP

	RA type 0 and RA type 1 with size depending on the active BWP

	RA type 1 with fixed number of bits.
	Support resource allocation type 1 with fixed number of bit width (e.g. 9 bits) and adjustable step size depending on the number of RBs.


	Time domain resource assignment
	4 bits
	0, 1, 2, 3 or 4 bits
	Reduced/
configurable
	To reduce the size of the TD-RA table (vs. Rel-15) use the first or the last symbol of a configured CORESET as the time reference.

	Frequency hopping flag
	1 bit
	0 or 1 bit
	0 or 1 bit
	Configurable number of bits (0 or 1 bit)


	Modulation and coding scheme
	5 bits
	5 bits
	5 bits
	No need to change compared to the Rel-15 DCI

	New data indicator
	1 bit
	1 bit
	1 bit
	Agreed to be kept the same as in the Rel-15 DCI

	Redundancy version
	2 bits
	2 bits
	0, 1 or 2 bits
	Support a configurable redundancy version field size of 0, 1 or 2 bits with potential dependency on the SCS.


	HARQ process number
	4 bits
	4 bits
	0, 1, 2 or 3 bits
	Support a configurable number of HARQ processes with 0, 1, 2 or 3 bits field.

	TPC command for scheduled PUSCH
	2 bits
	2 bits
	2 bits
	No need to change compared the Rel-15 DCI

	UL/SUL indicator
	0 or 1 bit
	1 bit
	0 or 1 bit
	Support a configurable number of bits for the UL/SUL indicator. 

	Carrier indicator
	N/A
	0 or 3 bits
	0 bit or at least one non-zero bit
	Agreed to be 0 bit or at least one non-zero bit


	SRS resource indicator
	N/A
	0, 1, 2, 3 or 4 bits
	0, 1, 2, 3 or 4 bits
	Support configurable number of bits (0, 1, 2, 3 or 4 bits)

	Precoding information and number of layers
	N/A
	0, 1, 2, 3, 4, 5 or 6 bits
	0, 1, or 2 bits
	Support configurable number of bits (0, 1, or 2 bits)

	Antenna port(s)
	N/A
	4, 5, or 6 bits
	configurable
	We therefore support a configurable number of bits for the Antenna port field. 


	SRS request
	N/A
	2 or 3 bits
	configurable
	SRS request with configurable number of bits could be used for eURLLC but the number of bits should be reduced compared to Rel-15 DCI. E.g. 0, 1 or 2. 


	CSI request
	N/A
	0, 1, 2, 3, 4, 5, or 6 bits
	0, 1, 2 or 3 bits
	Support configurable and reduced number of bits compared to Rel-15. URLLC doesn’t need to support large number of carriers 

	Beta offset indicator
	N/A
	0 or 2 bits
	0, 1 or 2 bits
	Support configurable number of bits (0, 1 or 2 bits)

	BWP indicator
	N/A
	0, 1 or 2 bits
	configurable
	Support a configurable number of bits (0, 1 or 2 bits).

	DMRS-PTRS association
	N/A
	0 or 2 bits
	0 or 2 bits
	We can keep it the same as in the Rel-15 DCI

	CBG transmission information
	N/A
	0, 2, 4, 6 or 8 bits
	0 bit
	Agreed to be not included  or configured as absent (0 bit) as in Rel-15 (in case reusing the existing format)

	DMRS sequence initialization
	N/A
	0 or 1 bit
	0 or 1 bit
	Selection of initialization sequence for DMRS. Support a configurable number of bits (0 or 1 bit)

	UL-SCH indicator
	N/A
	1 bit
	0 or 1 bit
	Support a configurable number of bits (0 or 1 bit)

	UL DAI
	N/A
	1 or 2 or 4 bits
	configurable
	Support a configurable number of bits for the Downlink Assignment Index field. 
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