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1 [bookmark: _Ref1160581]Introduction
At RAN #83, a work item on physical layer enhancements for URLLC (“eURLLC”) was approved. The WI includes the following objectives related to PDCCH enhancements [1]:
· DCI format(s) 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, and provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any) 
· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.
During RAN1 #96 and #96b meetings, several agreements regarding the PDCCH design and enhancement aspects were made [2,3], which can be found in Annex.
Accordingly, in this contribution, we present our views on details of design and configurability for Rel-16 eURLLC agreed DCI format scheme identified in previous meetings. Further, we present our views on potential enhancements to the PDCCH monitoring and number of non-overlapped CCEs for channel estimation (and number of BDs if justified), compared to those of Rel-15. 
2 On Design of eURLLC DCI format
Full flexibility can be achieved by eURLLC DCI with configurable fields, which allows to introduce new fields enabling the URLLC required features, as well as optimizing the exiting fields to better suit the characteristics of eURLLC traffic. Particularly, DCI fields can be modified, reinterpreted, added or removed compared to eMMB to better match the URLLC requirements, and enable eURLLC-specific features. Whether or not a new DCI format is introduced, can be determined depending on the exact details of updates to bit-fields, monitoring configuration, etc. In the following, we discuss relevant aspects, as well as other design details with respect to configuration and monitoring of eURLLC DCI format, and the DCI budget considerations. 
In Section 4, DCI bit-field design will be elaborated.
Whether a new DCI format name/definition needs to be introduced
As discussed earlier, for configurable DCI formats, the fields may be present, and with certain bit-width based on higher layer configurations. The only potential motivation for introduction of new format may then be to support multiple service types at the same time, e.g., where there are eMBB as well as URLLC traffics, requiring very diverse Layer 1 signaling capabilities for scheduling of each type. For example, cases wherein a UE may have heavy eMBB traffic requiring, e.g., full-fledged MIMO features (via Rel-15 non-fallback DCI), as well as URLLC traffic with requirements that would require a very small DCI format size for reliability purposes.
However, in our view, such a combination is quite rare and rather of a corner case. Specifically, for the “eMBB”-specific features to be used extensively in a meaningful way, the UE would need to be in reasonably good channel conditions, and in such a case, DCI formats 0_1/1_1 may also achieve the reliability targets of URLLC for the UE. Thus, the non-fallback DCI formats can be used for both eMBB- and URLLC-specific scheduling. As such, the Rel-15 non-fallback formats 0-1/1-1 can be adapted and used (more configurability on the existing non-fallback formats) for scheduling URLLC UEs, and also for UEs with mixed traffic. Based on higher-layer configurations, the DCI fields may then be re-interpreted in different ways and/or new fields may be added. 
Such approach is also aligned to the motivations behind defining fallback and non-fallback/configurable DCI formats in Rel-15, with certain degrees of configurability in Rel-15, and possibility of selecting one based on higher layer signaling. 
Identification of size-matched DCI formats 
Another aspect with respect to the eURLLC DCI format is that in case of size-matching to Rel-15 fallback DCI, how the UE identifies between Rel-15 fallback DCI and the eURLLC configurable DCI formats. For simplicity, we will refer to the latter, as eURLLC DCI format in this tdoc. 
We note that similar cases can occur in Rel-15 as well, and the situation is addressed by defining UE assumptions when CSS and USS candidates may overlap and are indistinguishable. Particularly, in TS 38.213 it has been specified that
If a UE
-     is configured to monitor a first PDCCH candidate for a DCI format 0_0 and a DCI format 1_0 from a CSS set and a second PDCCH candidate for a DCI format 0_0 and a DCI format 1_0 from a USS set in a CORESET with index zero on an active DL BWP, and
-     the DCI formats 0_0/1_0 associated with the first PDCCH candidate and the DCI formats 0_0/1_0 associated with the second PDCCH candidate have same size, and
-     the UE receives the first PDCCH candidate and the second PDCCH candidate over a same set of CCEs, and
-     the first PDCCH candidate and the second PDCCH candidate have identical scrambling, and
-     the DCI formats 0_0/1_0 for the first PDCCH candidate and the DCI formats 0_0/1_0 for the second PDCCH candidate have CRC scrambled by either C-RNTI, or MCS-C-RNTI, or CS-RNTI
the UE decodes only the DCI formats 0_0/1_0 associated with the first PDCCH candidate.
Similar UE behavior can also be defined to resolve any potential ambiguity between size-matched Rel-15 fallback DCI and eURLLC DCI format. For example, the Rel-15 fallback DCI can be expected and monitored in CSS, and the configurable eURLLC DCI format can be monitored in UE-SS, and in case candidates overlap perfectly under similar narrow set of conditions, Rel-15 fallback DCI can be assumed. Even though defining such UE behavior may have some impacts on the scheduling flexibility (e.g., by limiting a size-matched DCI format to CSS or UE-SS), such impact may not necessarily translate to any significant or observable performance degradation. This is due to: (1) given the same size, in case of such overlapped search spaces, the fallback DCI formats may still be used to schedule URLLC traffic (potentially with some restrictions on L1 signaling options available); and (2) for most cases, such ambiguity can be avoided with proper configuration (e.g., mapping to different CORESETs – at least with different scrambling sequences, etc.).
Further, such approach, addresses both the cases where new format(s) may be defined for eURLLC DCI, as well as the case where Rel-15 non-fallback (i.e., 0_1/1_1) formats are reused for this purpose.
On the other hand, it is important to avoid any RNTI-based solution to address such ambiguity, as false alarm rate (FAR) is already a concern when considering residual PDCCH BLER of order 1e-6, and with introduction of another RNTI, FAR gets even worse impacting achievable reliability in order to realize scheduling flexibility.
Inclusion of header bit (i.e., explicit identifier) in the DCI payload is also not a feasible approach, since it is not possible to change Rel-15 fallback DCI formats to include such field.
For most cases, such issues (ambiguity between size-matched DCIs) can be avoided by the scheduler. 
DCI-size budget handling
As discussed earlier, it is desired to consider further adaptation and more configurability on the existing non-fallback DCI formats to schedule URLLC traffic. If a new DCI format is defined, the DCI format size and budget handling needs further considerations.
Towards this, dynamic handling option (e.g., by configuration) may be considered to maintain the existing, e.g., “3+1”, budget for scheduling DCI format sizes. In this case, size-matching of the non-fallback UL and DL by use of zero-padding bits, is considered by configuration. We note that in Rel-15, the UL and DL non-fallback DCI format are not size-matched, since there is no zero-padding bits considered in the design.
As such, if the DCI size budget is exceeded with configuration of a new DCI format (one new URLLC-optimized size for both DL and UL scheduling), the network can configure one DCI format size from fallback UL/DL, one from non-fallback UL/DL (by applying configurable size-matching) and one for the URLLC DCI format UL/DL. 
In summary, if a new DCI format is introduced, instead of letting non-fallback UL and DL DCIs have two different sizes incurring two sizes from the budget, the network may choose to apply zero-padding to size-match the UL/DL non-fallback DCI formats, based on higher layer configuration to satisfy the DCI format size budget. With the identifier field in non-fallback DCI, it is possible to identify the UL/DL DCIs, and this approach allows limiting the number of different DCI sizes, without incurring any ambiguity. Accordingly, the UE, if configured by higher layers, may assumes that the DCI formats 0_1 and 1_1 are size-matched with zero-padding bits added to the smaller of the DCI formats if the total number of DCI format sizes for data scheduling DCI formats that may be scrambled with C-RNTI (i.e., across DCI formats 0_0, 0_1, 1_0, 1_1, and new DL and UL DCI formats, if introduced) is greater than three at the end of the DCI format size alignment procedure steps as specified in Section 7.3.1.0 of 3GPP TS38.212.
Overall, we have the following proposal regarding the eURLLC DCI design.
Proposal 1
· Introduction of new DCI format is not necessary. The current DCI formats 0-1/1-1 can be adapted and used for scheduling URLLC UEs, and also for UEs with mixed traffic.
· UE behaviors similar to those in Rel-15 can be defined to resolve any potential ambiguity between size-matched Rel-15 fallback DCI and eURLLC DCI format.
· For example, Rel-15 fallback DCI can be expected and monitored in CSS, and configurable eURLLC DCI format can be monitored in UE-SS, and in case candidates overlap perfectly under a set of conditions, Rel-15 fallback DCI can be assumed.
3 PDCCH Monitoring enhancements 
Feature group #3-5b in Rel-15 defines a UE capability to support multiple PDCCH monitoring occasions within a slot, in addition to the required PDCCH monitoring occasion(s) in the first three symbols of a slot, as an optional UE capability (pdcch-MonitoringAnyOccasionsWithSpanGap). The motivation behind supporting such capability in Rel-15, is mainly to maintain a limit on UE processing load for PDCCH monitoring over a slot, by limiting the number of PDCCH MOs the UE may expect within a slot duration. As such, the concept of monitoring span has been developed, referring to certain monitoring opportunities where the UE is configured to monitor for PDCCH(s).
Further, certain DCIs can be processed for the set of monitoring occasions which are within the same span, with limitations on the number of different start symbol indices of spans for all PDCCH monitoring occasions per slot, and number of PDCCH monitoring occasions per slot. 
URLLC services introduce new requirements as well as new traffic profiles and scheduling characteristics. Accordingly, enhancements may be required to better adapt to such characteristics and requirements. PDCCH monitoring enhancements can help realizing such adaptations, e.g., to achieve more flexibility in scheduling opportunities. There are Rel-16 foreseen use cases for which, the Rel-15 requirements may not be adequate. Certainly, increased capabilities in numbers of BDs or numbers of non-overlapping CCEs for channel estimation can straightforwardly improve scheduling flexibility. However, they also incur significant UE complexity and power consumption. UE needs to dimension the control processing in terms of potential PDCCH monitoring enhancements, e.g., in terms of the maximum numbers of BDs/CCEs for channel estimation. Thus, careful consideration is needed towards achieving an optimal balance between scheduling flexibility and improved blocking performance against UE complexity and power consumption. In this regard, solutions that facilitate appropriate trade-off between performance, power consumption, and device complexity should be pursued.
As of RAN1 #96 agreements, explicit limitation on the maximum number of BDs/non-overlapping CCEs over shorter PDCCH monitoring durations than a slot, e.g., per monitoring occasion and/or per monitoring span, may be considered. We note that Rel-15 developments as part of UE capability FG 3-5b, did not consider the aspects related to the maximum number of BDs/CCEs for channel estimation, and such characterizations are still defined on a per slot basis (i.e., there is no relationship with respect to shorter durations like the monitoring span, etc.).
Considering that PDCCH monitoring occasions of different search space sets may overlap in time, defining the minimum requirements on number of BDs/CCEs for channel estimation based on the monitoring occasions may not help with UE dimensioning. On the other hand, the requirements on the number of BDs/CCEs can be defined in terms of monitoring spans, where the exact definition of span can be adapted, with potential modifications compared to Rel-15 definition, as will be discussed in the next subsection. As such, while the total number of non-overlapping CCEs (and/or BDs) per slot may increase compared to Rel-15, a limit on the requirements per a certain number of symbols (e.g., of a span), by defining the requirements on number of CCEs/BDs over that certain duration. 
Adapting the definition of span/span separation as part of PDCCH monitoring enhancements for URLLC
As mentioned earlier, there is a trade-off between the overall UE dimensioning (if these requirements are translated back to the slot-level scale), and the effectiveness in typical URLLC-type of scheduling where probably a few monitoring candidates are needed, that are distributed over the slot duration. In this regard, it is also important to consider the fact that the new capability characterization should efficiently accommodate use cases with non-uniform and “triggered” monitoring occasions. As such, the restriction of span pattern being identical in each slot as specified in Rel-15 may be relaxed to allow more scheduling flexibility by potentially different span pattern across slots. Whether or not spans are allowed to cross the slot-boundaries, may also be further discussed. Further, spans’ pattern and/or duration may be updated via semi-static or dynamic rules, e.g., depending on, and to better accommodate the variations of monitoring occasions across slots.
This can also be considered as a special case of span definition. In general, overall characterization may include combinations of slot-level, half-slot-level, span-level, and symbol-level monitoring requirements. Thus, PDCCH monitoring requirements for numbers of BDs/CCEs may be defined simultaneously for more than one duration in numbers of OFDM symbols. For example, the UE may be required to be at least capable of a minimum required numbers of BDs/CCEs over a corresponding span duration as well as a minimum required numbers of BDs/CCEs over one or more of: 1-symbol duration, slot-duration.
Co-existence of new monitoring requirements, with slot-level constraints
In case of defining the #BDs/CCEs requirements, over a shorter duration than slot, e.g., over monitoring span, it is important to handle how the new constraints co-exist and harmonize with the existing slot-level requirements and PDCCH candidates corresponding to common control signaling. Particularly, given that the Rel-15 signaling is available to let the UE indicate its capability, it can also be considered if such indication from UE facilitates the overall characterization of number of BDs/CCEs. Further, such capability signaling can be extended such that the UE may also report its capability of handling a maximum number of BDs/CCEs either over each span or over the entire slot duration. 
It is also important to note that if the constraints are defined in terms of sub-slot time duration, then the overbooking and dropping rules may be impacted and need to be reconsidered, as well.
Relationship to existing mandatory capability used for the common control related scheduling: In order to keep the existing flexibility of Rel-15 scheduling for common control messages, the requirements may be defined such that numbers of BDs/CCEs for CSS candidates can use the entire slot-level BD/CCE budget over a single span (that may be shorter than a slot duration). For example, the numbers of BDs/CCEs in a span may equal the slot-level limit only if all PDCCH candidates in the span correspond to PDCCH CSS sets including Types 0, 0A, 1, 2, and 3 (without RRC configuration) PDCCH CCS sets. In this case, there can only be a single PDCCH span in the slot. If the span includes PDCCH candidates from UE-SS or Type 3 CSS that is UE-specifically configured to the UE, the span-level limits (that are no larger than the slot-level limits) apply. It is also possible that the constraint may be further relaxed such that the span-level limits may be exceeded up until the slot-level limits are reached within a single PDCCH span with both CSS and UE-SS candidates within the span, under certain conditions. 

From a different perspective, another key aspect to note is given the likely use of relatively higher ALs for PDCCH transmission targeting URLLC reliabilities, the impact from the constraint on CCEs for channel estimation may be the primary bottleneck (i.e., not necessarily the number of BDs). As such and following the guidance in the WI objective, such PDCCH monitoring enhancements may focus on characterization of minimum requirements on numbers of non-overlapping CCEs for PDCCH channel estimation. 
Lastly, on applicability to SCS, in our view the enhancements to PDCCH monitoring requirements should focus on 15 kHz and 30 kHz SCS, while the Rel-15 requirements for 60 kHz and 120 kHz are likely sufficient.
Proposal 2: 
· Minimum requirements on number of non-overlapping CCEs for channel estimation are defined over monitoring spans, where the definition of monitoring spans in Rel-15 can be adjusted to better accommodate use cases with non-uniform and “triggered” monitoring occasions. 
· FFS: Details, including co-existence of these requirements with the slot-based limits and consideration of scheduling of common control messages.
· Prioritize enhancements for SCS of 15 kHz and 30 kHz for PDCCH monitoring enhancements.
· FFS: any enhanced requirements on number of BDs.
4 Summary of different DCI format options
Tables below, summarize the URLLC DCI format and bit-field sizes, based on non-fallback formats. The items in red color, represent the new fields which are proposed by some companies.
Table 1: Baseline Non-FB DL DCI field ranges (in blue) and URLLC range of DCI fields (in green)
	DCI for DL assignment
	Baseline Non-FB DCI field (bit)
	URLLC DCI fields (bit)
	Notes on how much and how to adjust/reduce the bit fields

	Header/Identifier for DCI format
	1
	1
	#96b: 1

	Frequency-domain PDSCH resources
	13
		5-7*
	Please see the details on FDRA provided after the table presentations. 

	Time-domain PDSCH resources
	0 or 1 or 2 or 3 or 4 
	0-4
	The slot offset value between PDCCH and scheduled PDSCH, K0, may be indicated from sets of values restricted to a lower maximum value than when scheduling using Rel-15 non-fallback DCI (specified max of 32).  Such restrictions on the maximum value of K0 are motivated by the aim to reduce possible signaling combinations and considering low latency targets, where it is likely that PDSCH transmissions may not employ large values of K0.. In this regard, note that with if K0 ≥ 1 is supported as a valid use case (e.g., for larger SCS and TDD cases), then the benefits of using PDCCH as the time reference instead of slot boundary become questionable. 
Further, it is possible that only certain combinations of the values of K0, SLIV, and the PDSCH/PUSCH mapping type may be configured to the UE by higher layers to construct the different rows of the TDRA table (e.g., Up to four rows can be configured by higher layers). As such, mapping type B may be specified as default when scheduling URLLC.

	VRB-to-PRB mapping
	0 or 1 
	0
	At least for PDSCH scheduling, interleaved VRB-to-PRB mapping always applied for PDSCH scheduling

	Modulation and coding scheme
	5
	2 or 3 or 5 
	Modulation order may be restricted to QPSK or alternatively, no higher than 16QAM; similarly, code rates may be limited to a value lower than 0.95, e.g., 0.75. Accordingly, the MCS field bit width could be reduced to 2 or 3 bits.
Thus, the number of rows of the MCS table to be indicated can be limited compared to Rel-15 based on higher layer configuration.
 (#96b: 0 bits for TB2)

	Redundancy version
	2
	1 or 2 
	In many cases, RV field can be only 1 bit to indicate between RV0 and RV3 as the initial RV. (#96b: 0 for TB2)

	New data indicator
	1
	1
	#96b: 1       (0 bits for TB2)

	HARQ process number
	4
	1 or 2 or 3 or 4
	A configurable number of HARQ processes provides the most flexibility in terms of NW operation vs. signaling OH. There isn’t much additional gains by limiting the maximum # of HARQ processes further.

	Downlink Assignment Index
	0 or 2 or 4 
	
	

	TPC command for PUCCH
	2
	2
	Always present and fixed 

	PUCCH resource indicator
	3
	      3
	Always present and fixed

	PDSCH-to-HARQ feedback timing indicator
	0 or 1 or 2 or 3 
	0 or 1 or 2 or 3 
	Considering the sub-slot-based approach, it is likely that the existing range of the bit-field (up to 3 bits) would be necessary in some cases.

	Carrier indicator
	0 or 3 
	0, 1, 2, or 3
	The CIF bit-field can range from 0 through 3 bits depending on higher layer configuration. 


	Rate-matching indicator
	0 or 1 or 2 
	0 or 1 or 2 
	#96b: 0 or 1 or 2 bits 


	BWP indicator
	0 or 1 or 2 
	0 or 1 or 2
	While cross-BWP scheduling is less likely for URLLC use cases, the bit-field can already be configured to be absent in Rel-15, and such mechanism can be maintained.

	PRB bundling size indicator
	0 or 1 
	0 or 1 
	#96b: 0 or 1 bit

	ZP CSI-RS trigger
	0 or 1 or 2 
	 0 or 1 or 2 
	#96b: 0 or 1 or 2 bits 

	CBGFI
	0 or 1 
	0
	#96b: 0

	CBGTI
	0 or 2 or 4 or 6 or 8 
	0
	#96b: 0

	Antenna port(s)
	4 or 5 or 6 
	0 or 1 or 2 or 4 or 5 or 6 
	Configuration of # bits can be done via RRC signaling
Subsets of values from Rel-15 DMRS antenna port indication tables can be mapped to the configured bit-width of the antenna port indication field for NR URLLC (some pre-configuration can be considered)

	TCI (Transmission Configuration
Indication)
		0 or 3 
	0 or 3
	

	SRS request
	2
	0 or 1 or 2
	(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.)
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, it could be reduced to 0 or 1 bit as well (i.e., fixed) or configurable based on higher layer configuration of #resource sets

	DMRS sequence initialization
	1
	1
	



Table 2: Baseline Non-FB UL DCI field ranges (in blue) and URLLC range of DCI fields (in green)
	DCI for UL assignment
	Baseline Non-FB DCI field (bit)
	URLLC DCI fields (bit)
	Notes on how much and how to adjust/reduce the bit fields

	Identifier for DCI formats
	1
	1
	#96b: 1

	Frequency domain resource assignment
	13
		5-7*
	Please see the details on FDRA provided after the table presentations.

	Frequency hopping flag
	0 or 1 
	0 or 1
	

	Modulation and coding scheme
	5
		2 or 3 or 5  
	Modulation order may be restricted to QPSK or alternatively, no higher than 16QAM; similarly, code rates may be limited to a value lower than 0.95, e.g., 0.75. Accordingly, the MCS field bit width could be reduced to 2 or 3 bits.
Option 1 from FL summary can be adopted.
 (#96b: 0 for TB2)

	Redundancy version
	2
	1 or 2
	In many cases, RV field can be only 1 bit to indicate between RV0 and RV3 as the initial RV. 

	New data indicator
	1
	1
	#96b: 1

	HARQ process number
	4
	1-4
	A configurable number of HARQ processes provides the most flexibility in terms of NW operation vs. signaling OH. There isn’t much additional gains by limiting the maximum # of HARQ processes further.

	TPC command for scheduled PUSCH
	2
	2
	

	UL/SUL indicator
	1
	1
	

	Carrier indicator
	0 or 3 
	0
	The CIF bit-field can range from 0 through 3 bits depending on higher layer configuration. 


	BWP indicator
	0 or 1 or 2 
	0 or 1 or 2
	While cross-BWP scheduling is less likely for URLLC use cases, the bit-field can already be configured to be absent in Rel-15, and such mechanism can be maintained.

	UL-SCH indicator 
	1
	0-1
	

	DAI
	1 or 2 or 4 
	1 or 2 or 4
	

	Precoding information and number
of layers
	0 or 1 or 2 or 3 or 4 or 5 or 6 
	0 or 1 or 2 or 3 or 4 or 5 or 6
	Configurable number of bits

	CBGTI
	0 or 2 or 4 or 6 or 8 
	Can be 0
	#96b: 0

	SRI (SRS resource indicator )
	0 or 1 or 2 or 3 or 4 
	Can be 0
	Determined by N = ceil(log2(# of SRS resources in the
set)). The SRI bit-field is mainly to indicate associated precoding for PUSCH Tx and for URLLC, assuming single-layer PUSCH, 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 single-configured SRS resource)

	PTRS-DMRS association
	0 or 2 
	Can be 0
	

	Antenna ports
	2 or 3 or 4 or 5 
	0 or 1 or 2 or 3 or 4 or 5
	Configuration of # bits can be done via RRC signaling
Subsets of values from Rel-15 DMRS antenna port indication tables can be mapped to the configured bit-width of the antenna port indication field for NR URLLC (some pre-configuration can be considered)

	SRS request
	2 or 3 
	0-3
	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. 
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, it could be reduced to 0 or 1 bit as well (i.e., fixed) or configurable based on higher layer configuration of #resource sets

	CSI request
	0 or 1 or 2 or 3 or 4 or 5 or 6 
	0-6
	Number of bits can be configured by higher layers 

	beta_offset indicator
	0 or 2 
	0 or 2
	

	DMRS sequence initialization
	0 or 1 
	0 or 1
	



Details on reducing the frequency domain resource allocation DCI field, for DL/UL: Considering the typical traffic patterns and URLLC targets, it is most likely that relatively larger allocations in frequency domain would be used. For RA type 0 increasing the granularity could be achieved by configuring relatively large RBG sizes as defined for RBG size Configuration 2 table.
Further, if necessary, the RA type can be configured by higher layers and the 1 bit header to identify the RA type can be removed.
It is also possibly that the UE can be configured by higher layers with candidate frequency domain resource allocations separately for PDSCH and PUSCH scheduling on a per- configured BWP basis, and the DCI may only include a very limited number of bits, e.g., 5-8 bits to indicate up to 32 to 256 of the possible frequency domain resource allocations. The maximum number of candidates configured by higher layers can be limited as a function of the DL/UL BWP size. The higher layer-configured candidate frequency domain RA could itself be based on RA type 0 (RBG based) or RA type 1 (RIV based).
Table 3: 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)). 
[bookmark: _GoBack]Table 4: 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



Accordingly, for RA type 1, the second set of RBG sizes (Configuration 2) specified in Rel-15 can be considered. 
5 Conclusions 
In this contribution, we discussed details on whether/how to realize PDCCH enhancements for Rel-16 eURLLC. Based on the discussion and analysis, we have the following proposals:
Proposal 1
· Introduction of new DCI format is not necessary. The current DCI formats 0-1/1-1 can be adapted and used for scheduling URLLC UEs, and also for UEs with mixed traffic.
· UE behaviors similar to those in Rel-15 can be defined to resolve any potential ambiguity between size-matched Rel-15 fallback DCI and eURLLC DCI format.
· For example, Rel-15 fallback DCI can be expected and monitored in CSS, and configurable eURLLC DCI format can be monitored in UE-SS, and in case candidates overlap perfectly under a set of conditions, Rel-15 fallback DCI can be assumed.
Proposal 2: 
· Minimum requirements on number of non-overlapping CCEs for channel estimation are defined over monitoring spans, where the definition of monitoring spans in Rel-15 can be adjusted to better accommodate use cases with non-uniform and “triggered” monitoring occasions. 
· FFS: Details, including co-existence of these requirements with the slot-based limits and consideration of scheduling of common control messages.
· Prioritize enhancements for SCS of 15 kHz and 30 kHz for PDCCH monitoring enhancements.
· FFS: any enhanced requirements on number of BDs.
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Annex
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 
Agreements:
· Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) for Rel-16 NR URLLC can be further considered in work item phase.
Agreements:
For the DCI format(s) (may or may not be new format, to be finalized in the WI phase) scheduling Rel-16 NR URLLC, 
· Support configurable sizes for some fields, while  
· The maximum DCI size can be larger than Rel-15 fallback DCI
· The minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI
· Provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any)
· Support at least one of the following configurable fields – the set of configurable field(s) including bitwidths to be finalized during the WI phase (which may further depend on DL vs. UL assignments)
· Antenna port(s) [0~2 bits]
· Transmission configuration indication [0~3 bits]
· Rate matching indicator [0~2 bits]
· SRS request [0~3 bits] 
· PRB bundling size indicator [0~1 bit]
· Carrier indicator [0~3 bits]
· CSI request [0~3 bit]
· ZP CSI-RS triggering [0~2 bits] 
· Beta offset indicator [0~2 bits]
· SRS resource indicator [0~4 bits]
· Repetition factor [0~2 bits]
· Priority indication [0~3 bits]
· Note: Other field(s) can be considered if needed 
· Note: This doesn’t imply the necessity to increase the DCI size budget (i.e. “3 +1”) compared to Rel-15
Agreements:
To include the following recommendations in the TR:
For PDCCH enhancement, it is recommended to support the following in Rel-16:
-	DCI format(s) with configurable sizes for some fields and potential reduction of the number of bits for some field(s) compared to Rel-15 DCI, while enabling the minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI and the maximum DCI size can be larger than Rel-15 fallback DCI, and provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any).  
-	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 some restrictions, including at least 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). 
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:
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
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