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1 [bookmark: _Ref1160581]Introduction
During RAN1 #96, #96b, #97, #98, and #98b meetings, several agreements regarding the PDCCH design and enhancement aspects were made ‎[1-4], 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 enhancements to PDCCH monitoring and number of non-overlapped CCEs for channel estimation 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. In the following, we discuss DCI-design relevant aspects e.g., with respect to configuration and monitoring of eURLLC DCI format, and the DCI budget considerations, etc. In Section 4, DCI bit-field design will be elaborated.
2.1 Identification of size-matched DCI formats 
Another aspect with respect to the DCI formats used for scheduling eURLLC is that in case it is size-matched 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 set of conditions, Rel-15 fallback DCI can be assumed. Even though defining such UE behavior may have some impact 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 the new DCI format is used for eURLLC scheduling, 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. 
Note that this should not restrict configuring monitoring of eURLLC DCI format in CSS when they have sizes different from fallback DCI formats.
2.2 DCI-size budget handling
With adapting new DCI formats for scheduling eURLLC traffic, Rel-15 “3+1” DCI-size budget for scheduling DCI format sizes, may still be maintained by allowing to size-match non-fallback DL and UL DCI formats. 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, 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 assume 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.
Alternatively, the DCI format size and budget handling needs further considerations and enhancements, e.g., increasing the budget to “4+1” may be necessary.
2.3 Configuration of eURLLC DCI format in CSS
To avoid unnecessary scheduling constraints, it is desired that both UESS and CSS can carry the new DCI format scheduling eURLLC traffic. Particularly, considering that new DCI format 0_2/1_2 are mainly for scheduling of URLLC traffic with particular requirements/features, it is beneficial if they can be received in CSS as well. For instance, depending on how the enhanced PDCCH monitoring requirements are defined, including associated handling of PDCCH configuration/overbooking (as will be discussed later), being able to reach the UE using the new DCI formats via CSS candidates can provide the network with more flexibility. Such characterization, enables adjusting and/or switching between PDCCH configurations while preserving certain candidates (i.e., associated with CSS that may not be dropped in case of any overbooking), that can be used to transmit the new DCI formats. Such CSS should be of “Type 3 CSS” category and it is possible to support the UE-specifically configured DCI formats (similar to monitoring of group-common DCI formats). 
In this regard, it should be allowed to configure monitoring of the new DCI format in CSS as well when the new DCI format is not size-matched to DCI formats 0_0/1_0.
Overall, we have the following proposal regarding the eURLLC DCI design.
Proposal 1
· 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.
· UE can be configured by higher layers to assume 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.
· Allow configuration of the new DCI format in CSS when the new DCI formats are not size-matched to DCI formats 0_0/1_0. 
3 PDCCH Monitoring enhancements 
3.1 Defining per-span (Rel-16) monitoring requirements
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, will 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. 
While the PDCCH processing efforts are quantified primarily in terms of channel estimation and blind decoding efforts in PDCCH reception, in terms of the UE dimensioning, one key factor is the corresponding processing time/deadline that the PDCCH reception is subjected to. In this regard, the factors contributing to the overall PDCCH-related processing efforts can be simplified into two components:
1. The number of non-overlapping CCEs for channel estimation and BDs to be processed 
2. The time-budget available for such processing
a. Time-budget availability from perspective of shared channel processing time requirements (for HARQ-ACK reporting for scheduled PDSCH or PUSCH transmission for scheduled PUSCH)
b. Time-budget availability from perspective of being able to release the processing block(s) for use at the next monitoring occasion/span/slot so as to enable efficient pipelining of processing units. 
While the factor #1 lends itself independent of which kind of search space the PDCCH is mapped to or the number of MOs in a slot, etc., these become important considerations when taking into account factors #2a and #2b respectively. Rel-15 CCE counting procedure does not distinguish the search space type, while FG #3-5b does. However, when defining the limits on a per-span-basis, it becomes relevant to distinguish factors #2a and #2b. Specifically, factor #2a recognizes that processing load may be higher/more demanding for unicast PDSCH/PUSCH compared to PDSCH carrying common control, group common indications. Factor #2b indicates that the processing load/demands increases with the number of spans in a slot.
In general, one way to approach such aspect is to consider distributing the slot-level dimensioning over the spans (through some function of the distribution). This accommodates factor #2b. However, since the UE has to be dimensioned for certain number of symbols according to the requirements per span, then the slot-level limits may not always be needed. As such, it is important to figure out how the mandatory capabilities should be handled, and to identify the mandatory capabilities or scheduling abilities (if any) that we may be missing by only defining a number C per span pattern. As discussed next, it may be possible to define additional behaviors for handling some of the mandatory capabilities that may be excluded.
Relationship to existing mandatory capability used for the common control related scheduling: 
With Rel-15 design, there is no special treatment for common SS candidates, meaning that all the candidates which are broadcast and configured by SIB can be monitored anywhere, according to the mandatory features. Further, in Rel-15, all cross-slot boundaries constraints have to be maintained for UE-specific and all type 3, as well as type 1 & 2 with dedicated RRC. Defining any special handling for common SS candidates should be carefully studied as it may be impose restrictions compared to Rel-15. 

In order to keep the existing flexibility of Rel-15 scheduling for common control messages and in observation of the contributing factors on processing demands at the UE side, the requirements may be defined such that numbers of BDs/CCEs for candidates can use the entire slot-level BD/CCE budget over a single span. However, due to factor #2b described above, such capability may be challenging to realize if additional spans are configured within the slot. In other words, while from perspective of factor #2a, the processing load may be relaxed due to potentially reduced demands from overall processing time requirements, the span with only CSS candidates (w/o possible unicast scheduling) still needs to be processed fast enough to free up the resources for the subsequent PDCCH monitoring span. 

Proposal 2
· Consider the following characterization with respect to monitoring of common control signaling when configured with span-based PDCCH monitoring (assuming Option 2 from RAN1 #98):
· In a given slot, 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, 3, and 2 (without RRC configuration) PDCCH CCS sets. In this case, there can only be a single PDCCH span in the particular slot.
· If the span includes PDCCH candidates from UE-SS or Type 2 CSS that are UE-specifically configured to the UE or there are multiple spans within a slot duration, the span-level limits (that are no larger than the slot-level limits) apply. 

In addition to the above, it is also possible that the constraint may be further relaxed such that, under certain conditions, 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. 

Maximum number of non-overlapping CCEs for channel estimation, per span
During previous RAN1 meetings, it has been agreed that the per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a certain combination (X, Y, ) is C. Particularly, within each span of Y symbols, the number of CCEs for channel estimation should not exceed C value. The C value needs to be defined based on span pattern (X & Y pair indicates span pattern effectively, or a set of span patterns that need to be satisfied, and there can be multiple [X, Y]s in the UE reported candidate value set in every slot). As such, the monitoring configurations have to satisfy these requirements in terms of the time domain arrangement (i.e., the arrangement of the monitoring occasions in time domain, as well as the candidates/ALs should be such that within each span, the limits are not exceeded). 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) is considered by defining the requirements on number of CCEs/BDs over that certain duration. 
It is realized that the down-selection of enhanced PDCCH monitoring options (as will be discussed in next section) and determination of C numbers, need to be jointly considered. Particularly, it is important to understand how the C values are characterized under each of the PDCCH monitoring options. For instance, 
· Under option 1, the C values are corresponding to the number of non-overlapped CCEs per span for the additional configurations (i.e., according to the C values, the UE will perform the additional monitoring for URLLC). As such, the UE should be capable of processing the per-span limits, in addition to Rel-15 maximum limits. Given that C values under Option 1 are only intended for scheduling of URLLC traffic, they are not required to be larger than the (baseline) Rel-15 limits. 
· On the other hand, under option 2 where the requirements are switched between Rel-15 and Rel-16, in order to meet Rel-16 requirements, the overall per-slot numbers can be larger than Rel-15 (e.g., if we translate all the limits into slot-level limits). 
Considering the reliability and latency requirements, as well as the traffic characteristics of URLLC traffic, some possible candidate(-range)s are proposed in Table 1 below.  According to these per-span limits, any potential impact to eMBB scheduling flexibility for Option 2 is minimal in practice, as the proposed values are close to the slot-based limits for X = 7 and X = 4 (i.e., PDCCH monitoring capabilities close to Rel-15 eMBB are achieved). On the other hand, for a UE configured with span patterns (X,Y) = (2,2), it is not likely that a large number of CCEs within a single span is required to accommodate the eMBB scheduling. 
Such characterization is also aligned with the original intention of supporting option 2, i.e., allowing the UEs that use a single processor to process the PDCCH monitoring.
Table 1: Maximum number of per-span non-overlapping CCEs as a function of span pattern and SCS.
	　
	X
	Y
	Maximum number of non-overlapped CCEs per span

	
	
	
	=0
	=1

	Case 1
	2
	2
	[24-32]
	[24-32]

	Case 2
	4
	3
	[40-56]
	[40-56]

	Case 3
	7
	3
	56
	56

	Rel-15 reference (per slot)
	56
	56



3.2 Co-existence of span-based monitoring requirements, with slot-level (Rel-15) constraints
Another important aspect of PDCCH monitoring enhancements is handling the coexistence of the new constraints and the Rel-15 requirements, e.g., how the configuration of Rel-15 requirements vs. Rel-16 requirements should be defined. In order to support enhanced PDCCH monitoring in Rel-16, in RAN1 #98 it was agreed to down-select between the following two options:
· Option 1: PDCCH monitoring based on Rel-15 capability for eMBB and PDCCH monitoring based on Rel-16 capability for URLLC can be configured to a UE on the same carrier
· UE monitors PDCCH for eMBB following reported Rel-15 capability, and monitors PDCCH for URLLC following reported Rel-16 capability 
· For Rel-16 PDCCH monitoring capability, the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot. Each span for Rel-16 PDCCH only cover USS for URLLC (FFS for CSS)
· Option 2: PDCCH monitoring for both eMBB and URLLC can be configured based on either Rel-15 capability or Rel-16 capability
·   gNB configures which capability is used 
· For Rel-16 PDCCH monitoring capability,
· The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot, each span can cover CSS and/or USS  
Accordingly, in Option 1, PDCCH monitoring requirements of Rel-15 and Rel-16 apply simultaneously (by tagging and separation of PDCCH candidates at CORESET, or SS set, or DCI format-level, and pulling-in resources from CA capability), while in Option 2, PDCCH monitoring requirements may be switched between Rel-15 and Rel-16 monitoring configurations via RRC signaling.
Main design aspects with respect to Option 1:
1. Necessity of defining separation/identification of PDCCH reception according to Rel-15 and Rel-16 configurations, at any of the DCI-format level, SS set level, CORESET level, etc.:
· While such tagging and identification may not immediately seem required in the context of CCE-counting, some identification may be required in terms of handling the overbooking rules (at least in PCell for eMBB candidates), i.e., to enable identifying which PDCCH candidates to count (or not to count) towards handling the overbooking for Rel-15 requirements. Accordingly, some level of identification (any of the three mentioned approaches) based on semi-static configuration, is still necessary to maintain and handle the Rel-15 overbooking and dropping behaviors in Option 1 (even without defining overbooking rules for the eURLLC traffic – see bullet 5 below). 
2. Scheduling perspective: In the following, main implications associated to PDCCH separation at each of CORESET, or SS, or DCI-format level implies, have been summarized.
· DCI-format level: if a UE is not configured with the new DCI format, and it is capable of handling PDCCH with span-based requirements (e.g., via non-fallback DCI, as it is noted that the main motivation to adopt configurable DCI format/size has been to allow such flexibilities), it should still be able to benefit from CA capability (especially from the network perspective). However, classification at DCI-format level would unnecessarily forbid it.
· SS set level: given that the overbooking and dropping rules in Rel-15 are defined at SS set level, by limiting enhanced PDCCH monitoring to the SS set(s) carrying the new DCI, some scheduling restrictions follows, e.g., where/whether the fallback DCI can be monitored, etc. 
· It is noted that such characterization also depends on whether in addition to UESS, CSS can also carry the new DCI format (which is preferred since limiting the new DCI format to UESS imposes unnecessary scheduling limitations). Particularly, if the new DCI format can be monitored in CSS, the benefits from such separation may become less clear (especially from the channel estimation perspective).
· CORESET-level: in order to (artificially) accommodate the separation, in some cases same overlapping CORESETs may need to be configured (as different CORESETs, tagged for eURLLC vs/ eMBB scheduling), e.g., with two differences SS sets, which adversely impacts (e.g., doubles) the channel estimation effort (while ideally it should not need to perform a separate channel estimation task), as UE performs channel estimation according to its CORESET configuration. 
· Same consideration may also apply to separation at DCI-format level and/or at SS set level, as well.
3. CCE-budget-increase perspective: As can also be seen from the discussions above, from the CCE-budget-increase perspective, significant difference/benefit may not be immediately visible between/from different separation approaches, which consequently makes the advantages of Option 1 less clear. It is realized that the actual motivation/benefit for supporting Option 1 may come from the BD-budget-increase perspective. However, the need for enhancements in BD budget is not justified, as also discussed in the next subsections. Therefore, such increase in BD budget unnecessarily increases the UE complexity.
4. UE processing and prioritization perspective: In Rel-15, the UE does not know what type of UE minimum processing time is associated with a DCI, prior to the PDCCH being processed and decoded. As such, the UE cannot prioritize to which processor it sends the PDCCH to be processed (for channel-estimation, demodulation, and decoding, respectively). Separation at the CORESET-level may be required for the UE to be able to prioritize processing of certain channel estimation tasks, e.g., for overlapping PDCCHs. Accordingly, DCI-format level and SS set level separation may not be adequate to serve the purpose of prioritization (if justified at all), unless further constraints are imposed (e.g., that the search space sets should be non-overlapping, etc.). 
On the other hand, it is understood that separation at the CORESET level imposes several unnecessary limitations which negatively impacts the system performance, unless the minimum requirements on the numbers of CORESETs and search space sets in a DL BWP is significantly increased compared to Rel-15 values. This also necessitates increasing the BD budget, that otherwise, is not really necessary considering Rel-15 values.
5. Highly reliable reception of common control messages: From the design perspectives, the network should be allowed to benefit from the enhanced PDCCH monitoring also for the DCI formats other than the new DCI format for UL/DL dynamic scheduling, e.g., the group common DCI formats. For example, for the cases where the UE also needs to receive SFI, closed loop power control/the group TPC messages, DL preemption for intra-UE, etc., with high reliability, and it is capable of handling enhanced PDCCH monitoring (support of larger numbers of non-overlapping CCEs). While the PDCCH candidates monitored in CSS are exempted from dropping even without any enhancements, however, such UE should also be able to benefit from the enhanced capabilities for monitoring the group-common DCI formats, even if it is not for direct scheduling of URLLC traffic. Limiting the monitoring of group common control messages to Rel-15 capability is unnecessarily limiting for a UE capable of supporting enhanced PDCCH monitoring. With support of Option 1, and categorizing the PDCCH reception under URLLC and eMBB, such limitations will be applied and may negatively impact the systems performance from an operational perspective.

To summarize, there are various scheduling constraints that arise due to any of the separation options that are mainly addressed by Option 1 by relying on significantly increased processing demands from the UE (expected to be supported in lieu of CA capabilities).
Main design aspects with respect to Option 2:
It is realized that most of the concerns with respect to the unnecessary limitations imposed by Option 1, are naturally addressed under Option 2, while there is no need to exploit the cross-CC resources for supporting both Rel-15 and Rel-16 requirements. The following characterization can be considered to facilitate the switching between the two requirements in Option 2. 
1. Switching between the two configurations in Option 2: It is realized that such reconfiguration (between Rel-15 and Rel-16) can have impacts from the operational perspectives. For example, based on a given configuration, the UE and the gNB may benefit from certain SS set configurations to address the traffic needs, blocking, and resource utilization. The overbooking and dropping rules may also apply differently, depending on the configuration. 
By switching between the configurations, the SS set configuration (i.e., via higher layer IE search-space-config))) may be reconfigured (or some of the parameters under this IE may be reconfigured).
Since the switching/reconfiguration between Rel-15 and Rel-16 configurations is based on RRC signaling, the connection to the UE needs to be maintained throughout the switching. As such, different options may be considered to properly handle the reconfiguration. For example, a parameter can be defined as part of the SS set, to indicate which monitoring behavior the new configurations is associated to. In addition, it is also possible to realize a fallback mechanism, e.g., for during RRC reconfigurations, to ensure availability of some SS set (e.g., one or more search space sets of type common such as the search space sets as provided to the UE via searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, and ra-SearchSpace), and maintaining the access to the UE. 
2. Overbooking and dropping aspects: When the monitoring constraints are defined in terms of span duration, the overbooking and dropping rules are also impacted. While it may be possible to consider similar principles as for cell scheduling with different numerologies as in Rel-15, e.g., not allowing overlooking on the SCell, etc., it may not be optimal to follow the same dropping rules as in Rel-15 for enhanced monitoring capabilities. For example, dropping the entire SS set in a slot especially if the set has multiple monitoring occasions, may not be desired. On the other hand, since the CCE counting is performed on a span basis, it may also be possible to define the dropping rules on a span basis.  For example, the updated rule may consider dropping the candidates which fall within the span for a SS set, instead of dropping the entire SS set. As such, if there is another set of candidates in another later occurring span, those may or may not still be monitored depending on what else should be monitored in the subsequent span. 
Different aspects with respect to the CA configurations should also be identified considering per-span definitions, e.g., whether the characterization is on a per serving-cell basis, etc. Accordingly, proper scaling should be also taken into account in addition to the updated dropping rules, as will be discussed next.
In order to determine the monitoring constraints for handling the overbooking with enhanced requirements, one important consideration is translating the span-level requirements to slot-level constraints. Consequently, the capabilities can be distributed proportional to the number of cells for a given sub carrier spacing (similar to Rel-15). The maximum requirements on the number of BDs/CCEs on a slot basis are also determined based on the minimum value between the original slot-level requirements and the translated per-slot values (computed based on the per-span limits). It is noted that the requirements per span should also be met in addition to the updated slot-level constraints. As such, for a given span configuration in a scheduling cell, the slot-level constraints needs to be translated again by dividing by the number of the spans within slot, to obtain the equivalent span-level limits (which should be further confined to achieve the single-cell, i.e., non-CA mode of operation, span-level constraints). 
Accordingly (and regardless of whether the dropping rules are defined at the span level or SS set level), we need to properly accommodate the cases where different span configurations apply to different scheduling cells, or different scheduling cells may be configured with span-level or slot-level requirements. For example, the span-level limits may apply in one cell and Rel-15 per-slot limits may apply in another cell, as long as the overall per-slot limits are not exceeded. As such, translation of all the requirements to slot-level limits is necessary in order to enable the comparison and determination of the overall dimensionality. 
Proposal 3
· By switching between the configurations, the SS set configuration (i.e., via higher layer IE search-space-config), or some of the parameters under this IE is reconfigured.
· Some parameter(s) are defined as part of the SS set, to indicate which monitoring behavior (e.g., Rel-15 vs Rel-16) the new configurations is associated to. 
· A fallback mechanism is realized during the RRC reconfiguration, to ensure availability of some SS set (e.g., one or more search space sets of type common such as the search space sets as provided to the UE via searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, and ra-SearchSpace), and maintaining the access to the UE. 
Proposal 4
· In order to determine the monitoring constraints for handling overbooking with enhanced requirements, the following design principles are followed:
· Span-level requirements are translated to slot-level constraints. 
· The slot-level capabilities are distributed proportional to the number of cells for a given sub carrier spacing (similar to Rel-15). 
· The maximum requirements on the number of BDs/CCEs on a slot basis are determined based on the minimum value between the original slot-level and the translated per-slot requirements (the latter computed based on the per-span limits). 
· For a given span configuration in a scheduling cell, the (equivalent) slot-level constraints are divided by the number of the spans within slot, to obtain the equivalent span-level limits
· The resulting span-level limits are further gated by single-cell span-level constraints.
3.3 Other considerations
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 5: 
· Prioritize enhancements for SCS of 15 kHz and 30 kHz for PDCCH monitoring enhancements.
· In Rel-16, enhanced PDCCH monitoring requirements are only defined for number of non-overlapping CCEs.
4 Remaining aspects with respect to DCI fields
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.
4.1 Some details on 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.
Table 2: 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



It has been agreed to support at least resource allocation type 1 for frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC with the following modification compared to Rel-15: 
· A single configurable scheduling granularity is applicable for both the starting point and length indication, where a new RRC parameter to configure the scheduling granularity  
Further, for FD resource allocation type 1 for the new DCI formats scheduling Rel-16 URLLC, it has been agreed that the possible configurable values for the scheduling granularity for starting point and length indication is {2, 4, 8, 16}, and if not configured, the granularity is 1 PRB (FFS other possible values). 
For RA type 1, with the minimum granularity changed from 1 PRB to K PRBs, where K is one of {2, 4, 8, 16}, a bit-width of ceil(log_2(ceil(NRBBWP/K) *( ceil(NRBBWP/K) + 1)/2)) should be sufficient for the FDRA field for PRB grouping starting from lowest PRB within the scheduled DL or UL BWP. 
4.2 Some details on time domain resource allocation DCI field:
New SLIV reference: 
For time domain resource allocation indication for PDSCH for Rel-16 URLLC in new DCI format, the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected has been agreed to be used as the reference of the SLIV. An RRC parameter is used to enable the utilization of the new reference. When the RRC parameter enables the utilization of the new reference, the new reference is applied for TDRA entries with K0=0. For other entries (if any - FFS) in the same TDRA table, the reference is slot boundary as in Rel-15. 
In this regard, we have the following proposal.
Proposal 6:
· There is no need to restrict the applicability of new SLIV reference for PDSCH scheduling to Type 2 HARQ-ACK CBs.
Configuration and association of TDRA tables to new DCI formats: 
While presence of the new TDRA tables in pdsch-ConfigCommon and pusch-ConfigCommon is not essential, they should be handled similarly for PDSCH and PUSCH. 
However, it is noted that this issue is not necessarily coupled to issue of able to configure new DCI formats in CSS. 
Proposal 7:
· The configurability of the new TDRA tables in pdsch-ConfigCommon and pusch-ConfigCommon should be handled similarly for PDSCH and PUSCH. 
· TDRA tables for format 0_2 should be considered in pusch-ConfigCommon if the new TDRA tables for format 1_2 may be configured in pdsch-ConfigCommon.
4.3 Association of MCS tables to DCI formats:
Flexible association of MCS tables (default, low SE MCS, and 1024-QAM MCS tables) should be supported. While ability to configure either of the default and low SE MCS tables is clearly needed, support of 1024-QAM MCS tables may be useful in context of specific use cases with high data-rate requirements (e.g., AR/VR).
Proposal 8:
· Flexible association of MCS tables (default, low SE MCS, and 1024-QAM MCS tables) should be supported.
4.4 Open issues on DCI design from RRC-signaling perspective:
There are few open issues with respect to the RRC parameters list email discussions (and the editors’ CRs), that need further considerations. 
For instance, regarding the configuration of beta_offset and the corresponding RRC signaling  (row #33 of ‘RRC parameters for NR eURLLC’ excel sheet), it would be cleaner to indicate the number of bits for Format 0_2 via dynamic-ForDCIFormat0_2 field, and have the beta offset configurations provided as per row #40. 
Proposal 9:
· The number of bits for Format 0_2 is indicated via dynamic-ForDCIFormat0_2 field, and the beta offset configurations are provided separately.
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
· 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.
· UE can be configured by higher layers to assume 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.
· Allow configuration of the new DCI format in CSS when the new DCI formats are not size-matched to DCI formats 0_0/1_0.  
Proposal 2
· Consider the following characterization with respect to monitoring of common control signaling when configured with span-based PDCCH monitoring (assuming Option 2 from RAN1 #98):
· In a given slot, 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, 3, and 2 (without RRC configuration) PDCCH CCS sets. In this case, there can only be a single PDCCH span in the particular slot.
· If the span includes PDCCH candidates from UE-SS or Type 2 CSS that are UE-specifically configured to the UE or there are multiple spans within a slot duration, the span-level limits (that are no larger than the slot-level limits) apply.  
Proposal 3
· By switching between the configurations, the SS set configuration (i.e., via higher layer IE search-space-config), or some of the parameters under this IE is reconfigured.
· Some parameter(s) are defined as part of the SS set, to indicate which monitoring behavior (e.g., Rel-15 vs Rel-16) the new configurations is associated to. 
· A fallback mechanism is realized during the RRC reconfiguration, to ensure availability of some SS set (e.g., one or more search space sets of type common such as the search space sets as provided to the UE via searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, and ra-SearchSpace), and maintaining the access to the UE. 
Proposal 4
· In order to determine the monitoring constraints for handling overbooking with enhanced requirements, the following design principles are followed:
· Span-level requirements are translated to slot-level constraints. 
· The slot-level capabilities are distributed proportional to the number of cells for a given sub carrier spacing (similar to Rel-15). 
· The maximum requirements on the number of BDs/CCEs on a slot basis are determined based on the minimum value between the original slot-level and the translated per-slot requirements (the latter computed based on the per-span limits). 
· For a given span configuration in a scheduling cell, the (equivalent) slot-level constraints are divided by the number of the spans within slot, to obtain the equivalent span-level limits
· The resulting span-level limits are further gated by single-cell span-level constraints.
Proposal 5: 
· Prioritize enhancements for SCS of 15 kHz and 30 kHz for PDCCH monitoring enhancements.
· In Rel-16, enhanced PDCCH monitoring requirements are only defined for number of non-overlapping CCEs.
Proposal 6:
· There is no need to restrict the applicability of new SLIV reference for PDSCH scheduling to Type 2 HARQ-ACK CBs.
Proposal 7:
· The configurability of the new TDRA tables in pdsch-ConfigCommon and pusch-ConfigCommon should be handled similarly for PDSCH and PUSCH. 
· TDRA tables for format 0_2 should be considered in pusch-ConfigCommon if the new TDRA tables for format 1_2 may be configured in pdsch-ConfigCommon.
Proposal 8:
· Flexible association of MCS tables (default, low SE MCS, and 1024-QAM MCS tables) should be supported.
Proposal 9:
· The number of bits for Format 0_2 is indicated via dynamic-ForDCIFormat0_2 field, and the beta offset configurations are provided separately.
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