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1. Introduction
In the previous meetings, the following agreements related to PDCCH enhancements for URLLC were achieved [1], [2]:
	Agreements:
· Support configurable TDRA table as in Rel-15 DCI format 1_1 (i.e. 0, 1, 2, 3 or 4 bits for time domain resource assignment) for the DL DCI format scheduling Rel-16 URLLC
Agreements:
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Support at least resource allocation type 1 for frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC with one of the following modifications compared to Rel-15: 
· Option 1: a single configurable scheduling granularity applicable for both the starting point and length indication
· Alt.1: The scheduling granularity reuses the RBG sizes for RA 0 and can be configured between configuration 1 and 2 as in Rel-15
· Alt. 2: A new RRC parameter to configure the scheduling granularity  
· Option 2: Separate configurable starting point granularity and length indication granularity 
Agreements:
Take the following framework as the working assumption for defining the limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span: 
· PDCCH monitoring span follows the definition in UE feature 3-5b as a starting point  
· FFS whether any modification needed  

Agreements:
· 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
· FFS aspects related to UE capability
· FFS the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is same or different across different spans within a slot 
· Example of combinations as shown in the following table:
· FFS the value of C
· Companies are encouraged to report the potential aspects that have impact on the value of C 
	
	X
	Y
	C

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	
	
	
	
	
	

	Combination 2
	
	
	
	
	
	

	…
	
	
	
	
	
	

	Note: 
· The table here doesn’t mean increased PDCCH monitoring capability is supported for all SCS. N/A can be filled in the corresponding cell for the SCS not applicable 


· FFS interaction with Rel-15-based limitation, e.g., whether to increase the limit for PDCCH monitoring case 1 under the increased PDCCH monitoring capability on the maximum number of non-overlapped CCEs per slot for channel estimation  

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)


This contribution firstly provides our views on the DCI design for scheduling URLLC and then gives a detailed discussion about an increased PDCCH monitoring capability. 
2. Discussion
2.1 DCI design for URLLC
For DCI scheduling Rel-16 NR URLLC, it has been agreed to support configurable sizes for some fields, while the maximum DCI size can be larger than Rel-15 fallback DCI and the minimum DCI size targets a reduction of 10~16 bits less than the DCI format size of the Rel-15 fallback DCI. Also, the possibility to align with the size of the Rel-15 fallback DCI should be considered. Taking this agreement as a target, we provide design proposals for the DL DCI and UL DCI in the following sections. 
2.2.1 DL DCI design
Agreed DCI fields
According to the agreements in RAN1#97 and 96bis meeting, the following fields have been agreed for the DL DCI scheduling URLLC.
· Carrier indicator (0 bit or at least one non-zero bit, configurable)
· PRB bundling size indicator (0 or 1 bit, configurable)
· Rate matching indicator (0, 1 or 2 bits, configurable)
· ZP CSI-RS trigger (0, 1 or 2 bits, configurable)
· Modulation and coding scheme for TB 2（not included or can be configured to be absent）
· New data indicator for TB 2（not included or can be configured to be absent）
· Redundancy version for TB 2（not included or can be configured to be absent）
· CBG transmission information （not included or can be configured to be absent）
· CBG flushing information （not included or can be configured to be absent）
· Identifier for DCI formats (1 bit) 
· New data indicator (1 bit)
· Time domain resource allocation(0, 1, 2, 3 or 4 bits, configurable)
Potential compressed DCI fields
In addition to the agreed fields shown above, the remaining fields in DCI format 1_1 are discussed below. 
In order to achieve a DCI size reduction of 10~16 bits compared to the DCI format size of the Rel-15 fallback DCI, some of the following fields in the legacy DCI format 1_1 can be potentially compressed. 
· [bookmark: OLE_LINK2][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Frequency domain resource allocation: It has been agreed to support at least resource allocation type 1 for the frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC. For that two options are proposed. For Option 1, a single configurable scheduling granularity is applicable for both the starting point and length indication, but for option 2, the scheduling granularities are configured separately, which means the scheduling granularities could be different. According the spec, the starting point and length indication are jointly encoded to one RIV value based on the formula. If the scheduling granularities could be different, the formula needs to be redesigned, which will cause more specification efforts. Furthermore, the gain of option 2 compared to option 1 is not obvious and would need to be proven. We propose to support option 1 for FDRA. And as for how to configure the scheduling granularity, we think both reusing the RBG sizes for RA 0 and a new RRC parameter could be considered.
Proposal 1: For frequency domain resource allocation, option 1 (i.e. single configurable scheduling granularity for both starting point and length indication) should be supported for FDRA, and both alt.1 (i.e. reusing RBG sizes for RA0 in Rel-15) and alt.2 (i.e. new RRC parameter to configure the scheduling granularity) could be considered for configuration of scheduling granularity.
· Time domain resource allocation: For the Rel-16 DCI scheduling URLLC, it has been agreed to support a configurable TDRA table as for Rel-15 DCI format 1_1 (i.e. 0, 1, 2, 3 or 4 bits for time domain resource assignment). If only a few rows would be configured in the table in order to achieve a reduced DCI payload size, which may increase the latency since the possible starting symbols of the PDSCH become limited. As a result, a large TDRA table with many SLIV entries is needed, leading to a large DCI overhead. Therefore, it is better to redefine the reference point for the SLIV indication in URLLC. The starting symbol of the PDCCH occasion can be used instead of the slot boundary. This can provide the possibility to reduce the DCI overhead and meanwhile ensures short latency. One concern is that the actual SLIV counting from the PDCCH occasion might cross the slot-boundary when the PDCCH occasion is located in the second half slot and L > 7. However, this can be avoided by the gNB.  If this case really would occur anyhow in some situations, the SLIV crossing the slot boundary can be either dropped or truncated. Another concern is that it may complicate the Type-1 HARQ-ACK codebook construction. However, it seems no significant extra work is needed compared to specifying sub-slot based HARQ-ACK feedback with Type-1 HARQ-ACK codebook. Type-1 HARQ-ACK codebook determination can be done by determining the set of all actual SLIV locations from the configured TDRA table and possible PDCCH occasions, and then jointly perform SLIV location splitting to get the total PDSCH occasions if needed.
Proposal 2: For the DL DCI scheduling Rel-16 URLLC, the SLIV reference point can be configured to the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected.
· HARQ process number: In Rel-15, for the HARQ process number, 4-bits are fixed both for the fallback DCI and for the non-fallback DCI. For URLLC, this is unnecessary and the number of bits can be configured up to 4bits.
· RV: To guarantee the performance of the retransmission, we think the RV field can become configurable from 0 up to 2 bits.
· MCS: For URLLC, some entries in the existing MCS table are typically not used, e.g. entries for 64 QAM. To provide the chance to reduce the number of bits in the DCI, these entries could be excluded. Considering that the SINR statistics for one UE may not cover a large range of values, a UE-specific configurable size for the MCS field for the DCI scheduling Rel-16 URLLC should be supported. 
· HARQ-ACK timing: It was agreed for Rel-15 that 3 bits are used to indicate the K1 slot-timing in the normal DCI. For URLLC, a fast HARQ RTT is needed and 2 bits may be sufficient. A more aggressive option would be to entirely remove the HARQ-ACK timing indication field and to let the A/N timing be implicitly indicated by the PDSCH location and the UE capability.
· PUCCH resource allocation：In Rel-15, it was agreed to use 3 bits to indicate 8 PUCCH resources. For URLLC, this is not needed and this field can be reduced. The starting symbol of the PUCCH can be implicitly indicated together with the HARQ-ACK timing. For the PUCCH resources with the same starting symbol, 1 bit indicator is enough to indicate the PUCCH resource.
· TPC field: This field could be same as for DCI format 1_x for guaranteeing the reliability of PUCCH. 
· Other DCI fields: In order to keep a small DCI size, other fields for the DCI formats 1_1 could be configured as down to 0 bit, such as DAI and VRB-to-PRB mapping.
Potentially added DCI fields
Some new fields were agreed to be added, in addition the following fields need to be considered also:
· AL8/AL16 identifier: During Rel-15 an ambiguity between AL16 and AL8 has been identified [3], which can lead to PDSCH decoding errors. If the AL16 and AL8 candidates have shared CCEs, then, when the gNB is transmitting with AL16, the UE might detect an AL8 or vice versa. Therefore, when the PDSCH is mapped to CORESET resources, the UE and the gNB can have a different understanding of the rate-matching pattern and this can lead to PDSCH decoding errors. An AL16 indicator can be included in the DCI to resolve this ambiguity. Note that this ambiguity only occurs between AL8 and AL16. The AL identifier only needs to be included when AL8 and AL16 candidates are configured on overlapping CCEs. The details could be find in [4]. 
Proposal 3: Add 1 bit to the scheduling DCI to explicitly indicate which AL is used by the gNB.
Alignment with the size of the Rel-15 fallback DCI
When it comes to the DCI design for URLLC, it has been proposed to have the option to size-align the URLLC DCI and the fall back DCI. This can be achieved by using an extended CRC [5], [6] or simple zero padding. It is shown that such an approach has additional benefit of reducing the false alarm rate related to URLLC DCI in different scenarios.
False alarm rate happens in the system when:
· gNB does not transmit DCI and UE detects a DCI, or
· when gNB transmits a DCI for one UE (UE1) and another UE (UE2) blind decodes that DCI as it was for itself
For instance, if we take the second case above, if the gNB transmits a DCI for one UE (UE1) and the other UE (UE2) detects that DCI, the wrong UE (UE2) would wait for reception of the corresponding data that in reality is not transmitted for UE2. Once that data is received, UE2 would start un-necessary decoding of received data and would send to gNB wrong ACK/NACK.  
In case of a wrong NACK is sent by UE2 to the gNB, a re-transmission intended for UE2 will occur. Even though the probability of this event seems to be low, this will impact the system not only for decoding of data to UE2 but also by using resources that can potentially be dedicated to other incoming URLLC UEs or even UE1, impacting the overall system performance.  
Decreasing the false alarm rate by extended CRC or zero padding can reduce these events considerably (by a factor of 3) as shown in (Figure 4, section 4 of [6]). 
In that contribution, we have shown that both approaches perform equally well when PDCCH DMRS scrambling is activated (this corresponds to BSC error probability = 0.5 and the usage of a user specific DCI). Extended CRC has slightly higher complexity of detection that can be neglected as it does not require additional blind decoding.   
Referring to the same figure, when PDCCH DMRS scrambling is not activated (that corresponds to values of BSC error probability ≠ 0.5 and when group DCI is used), the extended CRC approach is uniformly superior to the zero padding approach.  
The proposed method could in the future also be applied on other scenarios, for example when the group DCI contains SFI (slot format indicator). A false alarm as described in the scenario above could result into a wrong detection of SFI for a group of UEs –even for eMBB users- and would have a severe impact in TDD. 
Observation 1: False alarm rate in some cases can impact the system performance by impacting URLLC or eMBB UEs.  
Observation 2: Extended CRC could reduce false alarm rate for any type of DCI.  
Consequently, we have the proposal below: 
Proposal 4: Consider extended CRC to size-align URLLC DCI with fall back DCI and reduce false alarm rate. 
2.2.2 UL DCI design
Agreed DCI fields
According to the agreements in the RAN1#97 and 96bis meetings, the following fields have been agreed for UL DCI for URLLC.
· Identifier for DCI formats (1 bit) 
· New data indicator (1 bit)
Potentially compressed DCI fields
The following bit fields in the legacy DCI format 0_1 can be potentially compressed to reduce the DCI size or to generate space for the potentially added fields.
Some common fields, such as frequency domain resource allocation, HARQ process number, RV, MCS, TPC command, can be designed using the same principle as for the DL DCI. The time domain resource allocation field depends on the PUSCH enhancements discussion and potentially also an open loop power control parameter indicator would need to be included, which depends on the inter-UE transmission multiplexing discussion. Considerations on other fields are provided below:
· Frequency hopping flag: In order to guarantee the PUSCH reliability, frequency hopping should be supported, and frequency hopping flag field should be configurable between 0 or 1 bit in UL compact DCI.
· UL/SUL indicator: This field can be same as that in Rel-15 DCI.
Potentially added DCI fields
· Beta-offset indicator: Beta-offset is already included in the DCI format 0_1, and can be added to the UL DCI for more precise adjustment of UCI resources.
Alignment with the size of the Rel-15 fallback DCI
This could be same as DL DCI design by introducing extended CRC to align the minimum size of URLLC DCI with Rel-15 fallback DCI. 
Proposal 5: The FDRA field design for DL DCI could be reused for UL DCI design.
Proposal 6: Beta-offset indicator could be added in UL DCI scheduling Rel-16 NR URLLC.
According to the discussion above, the summary of DCI design for URLLC could be seen in the Appendix.
2.2 Enhancement on PDCCH monitoring capacity 
According to the agreements from the RAN1#96 meeting, an increased PDCCH monitoring capability should be supported at least for the maximum number of non-overlapped CCEs and at least for one SCS. This enhanced capability could be subject to restrictions that have to be defined during the WI phase. Additionally, it could be studied further if enhancements on the number of monitored PDCCH candidates are necessary.
2.2.1 The maximum number of non-overlapped CCEs per monitoring span
To make sure that the increased number of non-overlapping CCEs does not bring a significant UE processing complexity, restrictions should be defined. In the RAN1#96 meeting, it was agreed that in order to support an increased PDCCH monitoring capability an explicit limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion and/or per monitoring span should be defined. This was then elaborated in RAN1#97, when a working assumption has been made that a limit shall be set for the maximum number of non-overlapping CCEs per monitoring span and that monitoring spans shall follow the definition in the UE feature group 3-5b as a starting point:
	Agreements:
Take the following framework as the working assumption for defining the limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span: 
· PDCCH monitoring span follows the definition in UE feature 3-5b as a starting point  
· FFS whether any modification needed  


We discuss this working assumption further. For example in Figure 1 below, there are two CORESETs configured with different durations. For the 1OS CORESET there are seven monitoring occasions (MO2~MO8), for the 2OS CORESET there is one monitoring occasions (MO1).  Assuming (X, Y) = (2, 2) is reported by the UE, then based on the definition in UE feature 3-5b, seven monitoring spans would be applied:
· Span duration = max{max( all CORESET durations), min(Y)] = max (2,2) = 2
· Span start separation at least 2 symbols, because of reported (2, 2) that is reported. 
[image: ]
Figure 1 - An example of PDCCH monitoring span definition
The working assumption from last meeting still includes one FFS, i.e. to investigate whether any modification of the FG 3-5b span pattern definition needs to be supported for enhanced PDCCH monitoring. During discussions it was e.g. brought up to possibly include (3, 3) as another pattern in addition to the already agreed (2, 2), (4, 3) and (7, 3). This is not needed in our view. The purpose of (3, 3) would be to obtain the possibility for monitoring occasions at any symbol without any gap. But this can already be achieved with (2, 2). Furthermore, since the number of symbols in the slot is not a multiple of the span duration 3, still no monitoring occasions could be configured at the end of the slot. Other proposed combinations where (2, 1), (4, 1) and (7, 1). But these are already covered by the agreed combinations, no benefits would be added if they would be included.
Observation 3: The already agreed combinations in the UE FG 3-b are sufficient for PDCCH monitoring. No new combinations need to be introduced.
Proposal 7: Confirm the WA from RAN1#97 and remove the FFS part:
· Take the following framework for defining the limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span:
· PDCCH monitoring span follows the definition in UE feature 3-5b 
A further agreement from RAN1#97 aimed to conclude on the maximum number of CCEs that can be supported for the different SCS values. A Rel-15 UE that is supporting case 2, can monitor 56, 56, 48, 32 CCEs for SCS 15, 30, 60, 120 kHz, respectively. Thus, the following #CCEs per millisecond are supported in Rel-15 for the different SCS values:
Table 1 – Rel-15 #CCEs/ms for different SCSs
	
	SCS 15 kHz
	SCS 30 kHz
	SCS 60 kHz
	SCS 120 kHz

	Rel-15capability
	56 CCEs / ms
	112 CCEs / ms
	192 CCEs / ms
	256 CCEs / ms


In our view PDCCH monitoring enhancements should be limited to 15 kHz and 30 kHz. The short slot durations for the higher SCSs and the already available number of CCEs are sufficient for frequent PDCCH monitoring. A further increase would not bring significant performance gains, but would cause an unnecessary specification and implementation effort.
Proposal 8: Enhanced PDCCH monitoring is not supported for SCS 60 kHz and 120 kHz.
The UE capability to report which monitoring spans are supported is subcarrier spacing dependent. A UE that supports (2, 2) for e.g. 15 kHz, does not need to support this for higher SCS values. For 30 kHz, the (4, 3) configuration can provide sufficient frequent monitoring occasions. It is not needed to support 7 monitoring spans per slot for 30 kHz, and, hence it is not needed to propose enhancements for this combination.
Proposal 9: Enhanced PDCCH monitoring is not supported for monitoring span configuration (2, 2) with SCS 30 kHz.
In Table 2 below we present our view on the CCE limit per span for each SCS. For 15 kHz and 30 kHz, this translates roughly into doubling the number of CCEs per slot compared to Rel-15, which gives a good trade-off between increased scheduling flexibility and implementation complexity.
[bookmark: _Ref15584380]Table 2 - The limitations on the maximum number of non-overlapping CCEs per monitoring span
	
	X
	Y
	C

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	2
	2
	28
	N/A
	N/A
	N/A

	Combination 2
	4
	3
	36
	36
	N/A
	N/A

	Combination 3
	7
	3
	56
	56
	N/A
	N/A



Proposal 10: Enhanced PDCCH monitoring is supported for SCS 15 kHz and 30 kHz. The number of non-overlapping CCEs per monitoring span are defined as follows for 15 kHz and 30 kHz SCS
· 15 kHz SCS: (2,2): 28 CCEs, (4,3): 36 CCEs, (7,3): 56 CCEs
· 30 kHz SCS: (4,3): 36 CCEs, (7,3): 56 CCEs

[bookmark: OLE_LINK1]2.2.2 Interaction between enhanced PDCCH monitoring and Rel-15 based limitation.
A Rel-15 UE that is supporting PDCCH monitoring case 2 follows the UE FG 3-5b. The difference between Rel-15 based and Rel-16-based case 2 monitoring is that in Rel-15, the number of non-overlapping CCEs is limited on a slot basis. In Rel-16, on the other hand, the maximum number of CCEs would be limited on a span basis. A Rel-16 UE capable of enhanced PDCCH monitoring would be able to perform more channel estimations per slot and can therefore better support frequent PDCCH monitoring to achieve low latency. But in order to achieve this with reasonable implementation cost an assumption must be made on the maximum supportable number of CCEs per span. This number can be smaller than the total number of CCEs that could be supported over the entire slot. For example, our proposal for span combination (4, 3) at 30 kHz SCS is 36 CCEs. This translates to 108 CCEs per slot and is almost doubling the Rel-15 capability. But in scenarios where in one span more CCE monitoring is desired than the Rel-16 span limit would allow, then the slot based CCE limitation according to Rel-15 could offer more scheduling flexibility and better performance.
Observation 4: Enhanced PDCCH monitoring with CCE limitation per span allows for better support of frequent PDCCH monitoring to achieve low latency. But there can be configurations that typically are not for URLLC applications that can be satisfied more efficiently with slot based CCE limitation according to Rel-15.
In our view, a Rel-16 UE with enhanced PDCCH monitoring capability shall be able to support all PDCCH monitoring configurations at least with the same performance as a Rel-15 UE with case 2 capability. The simplest approach to achieve this would be to allow two PDCCH monitoring modes, one slot-based CCE limit according to the Rel-15 numbers and one span-based limit. The gNB could then configure the UE which mode to use. 
Proposal 11: A Rel-16 UE that supports enhanced PDCCH monitoring with CCE limit per monitoring span shall also be able to operate in Rel-15 mode with CCE limit per slot. The gNB can for example configure one of the two PDCCH monitoring modes. 
2.2.3 The maximum number of blind decodes
As explained in [7], to enhance the number of blind decodes should have less priority in the discussion about PDCCH enhancements. For URLLC it is not as important as increasing the number of CCEs or, as addressed in the next section, as the discussion about the PDCCH candidate dropping per monitoring span. The need that the number of BDs has to be increased is not that clear.
[bookmark: OLE_LINK3]Observation 5: Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) for Rel-16 NR URLLC should not be supported at least for some UEs.
2.1.4 PDCCH dropping rules
[bookmark: _GoBack]In Rel-15, the PDCCH overbooking is performed on a per slot basis. An essential part of the PDCCH candidate dropping is the counting of CCEs and BDs. In Rel-15, there is support for up (56. 56, 48, 32) CCEs and (44, 36, 22, 20) BDs for (15, 30, 60, 120) kHz SCS, respectively. For every slot it needs to be evaluated whether the number of configured candidates either exceeds the CCE or the BD limit. If it does, candidates will be dropped. In theory all information about the number of required BD/CCEs is available upon RRC configuration of the search space. So, in theory, all calculations for all future slots could be done up-front when the search spaces are configured. However, there are too many combinations possible, and such an implementation is far from efficient, or simply not possible, because it would require too much memory for a cost efficient implementation. Therefore, the #CCE/#BD can be counted instead in the beginning of every slot and then the PDCCH dropping rules are applied.
In Rel-16, it has been agreed to increase the number of CCEs at least for one SCS and to define CCE limits per span. For the #BDs it is not decided yet whether they shall be increased or not. But regardless the outcome of this discussion, two issues have to be decided:
· Shall there be a BD limit per span, regardless if #BDs are increased or not?
· For Rel-16, should the BD/CCE counting and the PDCCH candidate dropping be performed on a span basis or on a slot basis?
In our view, because the CCE limits are defined per span in Rel-16, it would make it simpler to use the same reference also for the BD counting. Thus, regardless if the number of BDs per slot is increased or not, there should be a BD limit per monitoring span.  Then, in Rel-16, the whole PDCCH monitoring capability would be defined per monitoring span and the Rel-15 dropping rules can be reused per span. This will reduce specification effort and further guarantee that there are monitoring occasions in each monitoring span, thus the latency requirement could be guaranteed.
Proposal 12: The PDCCH candidate dropping rules for Rel-15 should be re-used per monitoring span for enabling low latency operation. The BD limit should be defined per monitoring span (regardless if the number of BDs per slot is increased compared to Rel-15 or not.   
To re-use Rel-15 CCE/BD counting and candidate dropping rules on a monitoring span basis is essential to guarantee the URLLC performance and to ensure that sufficient monitoring occasions are available throughout the slot in order to guarantee low latency PDCCH monitoring. But this raises another issue, i.e. the complexity of CCE/BD counting increases compared to Rel-16. This has been discussed during the previous meetings, the CCE/BD complexity is a substantial contributor to overall complexity. The more time the UE has to spend on BD/CCE counting, the less time is available for channel estimation and blind decoding.    
Proposal 13: The overall complexity of BD/CCE counting in Rel-16 shall not increase compared to Rel-15.
There are different options how the BD/CCE counting can be kept under control. The final solution also depends on whether the max #BDs will increase or not. Therefore, it would be a bit early to make a decision right now, but we would like to show the possibilities that RAN1 could discuss further:
Option 1: Different number of BD limits per span.
Assume that the number of BDs / slot is not increased, i.e. for 15 kHz there will be 44 BDs/slot available. If only one BD limit is used per span, then there would be floor (44/7) = 6 BDs available in each span for the (2, 2) configuration. This could be enough for URLLC monitoring during the slot, but is probably not sufficient for the PDCCH monitoring in the beginning of the slot. If the number of BDs is not increased, it seems to make sense to apply asymmetric limits, where one (or two?) spans can have a higher limit the remaining spans in the slot.
Option 2: PDCCH candidate dropping is not performed in every span.
If the maximum number of BDs is increased compared to Rel-15, let’s say that to up 20 BDs per span can be supported for (2, 2) at 15 kHz SCS, then this might be enough even for the potentially heavier monitoring at the beginning of the slot. Thus, a single limit per span could be feasible. However, the BD counting load would triple compared to Rel-15 if PDCCH candidate dropping would be performed in every span. Here it makes sense to only perform PDCCH candidate dropping in one or a few spans in the slot. For the remaining spans, no overbooking is performed. Note, that this concept already exists in Rel-15 for Scell. Also there, the UE is relying on the gNB configuration, that no overbooking is done. 
Observation 6: There are different options to keep the complexity for CCE/BD counting under control:
· If the number of BDs/slot is not increased compared to Rel-15, more than one limit of BDs per monitoring span should be allowed in order to satisfy the different need for PDCCH monitoring e.g. in the beginning of the slot or during the slot.
· If the number of BDs/slot is increased compared to Rel-15, only one limit per monitoring span can be sufficient. In this case, PDCCH dropping should not be performed in every span
Proposal 14: RAN1 shall study methods to keep the complexity of CCE/BD counting on a comparable level with Rel-15, e.g. defining asymmetric limits per monitoring span or the execution of PDCCH candidate dropping only for a sub-set of spans during the slot. 
3. [bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion 
In this contribution we provide details of the DCI design for URLLC and considerations for enhancements of PDCCH monitoring. We are making the following observation and proposals:
Proposal 1: For frequency domain resource allocation, option 1 (i.e. single configurable scheduling granularity for both starting point and length indication) should be supported for FDRA, and both alt.1 (i.e. reusing RBG sizes for RA0 in Rel-15) and alt.2 (i.e. new RRC parameter to configure the scheduling granularity) could be considered for configuration of scheduling granularity.
Proposal 2: For the DL DCI scheduling Rel-16 URLLC, the SLIV reference point can be configured to the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected.
Proposal 3: Add 1 bit to the scheduling DCI to explicitly indicate which AL is used by the gNB.
Observation 1: False alarm rate in some cases can impact the system performance by impacting URLLC or eMBB UEs.  
Observation 2: Extended CRC could reduce false alarm rate for any type of DCI.  
Proposal 4: Consider extended CRC to size-align URLLC DCI with fall back DCI and reduce false alarm rate. 
Proposal 5: The FDRA field design for DL DCI could be reused for UL DCI design.
Proposal 6: Beta-offset indicator could be added in UL DCI scheduling Rel-16 NR URLLC.
For the PDCCH enhancements it has been agreed as a working assumption that the monitoring span definition should follow the R15 framework. In our view, the combinations (2, 2), (4, 3) and (7, 3) are also sufficient for enhanced PDCCH monitoring. No new configurations are needed.
Observation 3: The already agreed combinations in the UE FG 3-b are sufficient for PDCCH monitoring. No new combinations need to be introduced.
Proposal 7: Confirm the WA from RAN1#97 and remove the FFS part:
· Take the following framework for defining the limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span:
· PDCCH monitoring span follows the definition in UE feature 3-5b 
For 60 kHz SCS, it is not needed to monitor the PDCCH more than twice per slot to achieve a short latency. The CCEs that are defined in Rel-15 are sufficient for that purpose. No enhancements are therefore needed for 60 kHz SCS. For 120 kHz, only monitoring in the beginning of the slot is needed. No PDCCH enhancements need to be introduced for 120 kHz SCS. For 30 kHz SCS, the (4, 3) configuration suffices to achieve a low latency. Enhancements should only be supported for the SCS 15 kHz and 30 kHz.
Proposal 8: Enhanced PDCCH monitoring is not supported for SCS 60 kHz and 120 kHz.
Proposal 9: Enhanced PDCCH monitoring is not supported for monitoring span configuration (2, 2) with SCS 30 kHz.
Proposal 10: Enhanced PDCCH monitoring is supported for SCS 15 kHz and 30 kHz. The number of non-overlapping CCEs per monitoring span are defined as follows for 15 kHz and 30 kHz SCS
· 15 kHz SCS: (2,2): 28 CCEs, (4,3): 36 CCEs, (7,3): 56 CCEs
· 30 kHz SCS: (4,3): 36 CCEs, (7,3): 56 CCEs
In Rel-15 there is no CCE limit associated with the monitoring span. The available number of CCEs per slot can freely be distributed between the different monitoring spans. This can in some cases result in better performance for Rel-15 based monitoring compared to Rel-16 monitoring. In our view, everything that can be done with a Rel-15 UE shall also be possible with a Rel-16 UE.
Observation 4: Enhanced PDCCH monitoring with CCE limitation per span allows for better support of frequent PDCCH monitoring to achieve low latency. But there can be configurations that typically are not for URLLC applications that can be satisfied more efficiently with slot based CCE limitation according to Rel-15.
Proposal 11: A Rel-16 UE that supports enhanced PDCCH monitoring with CCE limit per monitoring span shall also be able to operate in Rel-15 mode with CCE limit per slot. The gNB can for example configure one of the two PDCCH monitoring modes. 
The need for eURLLC to increase the maximum number of BDs is not that clear.
Observation 5: Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) for Rel-16 NR URLLC should not be supported at least for some UEs.
In Rel-15 the PDCCH dropping is performed on a slot basis. Because the CCE limit is defined per span in Rel-16, the PDCCH dropping should also be applied on a per span basis. The easiest approach would be to re-use the same Rel-15 rules but to apply them onto a span basis for Rel-16. 
Proposal 12: The PDCCH candidate dropping rules for Rel-15 should be re-used per monitoring span for enabling low latency operation. The BD limit should be defined per monitoring span (regardless if the number of BDs per slot is increased compared to Rel-15 or not.   
The BD and CCE counting is an important contributor to the overall complexity. When the numbers of CCEs is increased (and potentially also the BDs), then the overall complexity of the BD/CCE counting should not increase. It should remain the same as in Rel-15.
Proposal 13: The overall complexity of BD/CCE counting in Rel-16 shall not increase compared to Rel-15.
Observation 6: There are different options to keep the complexity for CCE/BD counting under control:
· If the number of BDs/slot is not increased compared to Rel-15, more than one limit of BDs per monitoring span should be allowed in order to satisfy the different need for PDCCH monitoring e.g. in the beginning of the slot or during the slot.
· If the number of BDs/slot is increased compared to Rel-15, only one limit per monitoring span can be sufficient. In this case, PDCCH dropping should not be performed in every span
Proposal 14: RAN1 shall study methods to keep the complexity of CCE/BD counting on a comparable level with Rel-15, e.g. defining asymmetric limits per monitoring span or the execution of PDCCH candidate dropping only for a sub-set of spans during the slot. 
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Appendix
Table 3 - DL DCI design for URLLC
	Fields
	DL DCI for R16 URLLC

	Identifier for DCI formats
	 1bit


	Frequency domain resource assignment
	A single configurable scheduling granularity applicable for both the starting point and length indication should be supported, and the scheduling granularity could reuse the RBG sizes for RA 0 or be configured by a new RRC Parameters.

	Time domain resource assignment
	0, 1, 2, 3 or 4 bits, configurable

	VRB-to-PRB mapping
	0 or 1bit, configurable

	Modulation and coding scheme
	0, 1, 2, 3 or 4 bits, configurable size 

	New data indicator
	1bit

	Redundancy version
	0 to 2bits, configurable

	HARQ process number
	0 to 4bits, configurable

	Downlink assignment index
	0bit

	TPC command for scheduled PUCCH/PUSCH
	2bits

	PUCCH resource indicator
	1bits

	PDSCH-to-HARQ_feedback timing indicator
	2bits

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

	PRB bundling size indicator
	0 or 1 bit, configurable

	Rate matching indicator
	0, 1 or 2 bits, configurable

	ZP CSI-RS trigger
	0, 1 or 2 bits, configurable

	Antenna port(s)
	-

	Transmission configuration indication
	-

	SRS request 
	-

	DMRS sequence initialization
	-

	BWP indicator
	0bit

	Modulation and coding scheme for TB 2
	0bit

	New data indicator for TB 2
	0bit

	Redundancy version for TB 2
	0bit

	CBG transmission information
	0bit

	CBG flushing information 
	0bit

	Repetition factor 
	-

	New format indicator 
	-

	Priority indicator 
	-

	PDSCH grouping indication
	-

	AL8/AL16 identifier
	1bit

	Virtual CRC
	configurable



Table 4 - UL DCI design for URLLC
	Fields
	UL DCI for R16 URLLC

	Identifier for DCI formats
	Same as DL

	Frequency domain resource assignment
	Same as DL

	Time domain resource assignment
	Same as DL

	Frequency hopping flag
	0 or 1bit, configurable

	Modulation and coding scheme
	Same as DL

	New data indicator
	Same as DL

	Redundancy version
	Same as DL

	HARQ process number
	Same as DL

	Downlink assignment index
	-

	TPC command for scheduled PUSCH
	2bits

	Carrier indicator 
	Same as DL

	UL/SUL
	0 or 1 bit, configurable

	Antenna port(s)
	-

	SRS request 
	

	DMRS sequence initialization
	-

	DMRS-PTRS association
	-

	BWP indicator
	-

	SRS resource indicator
	-

	SRS request
	-

	CSI request
	-

	beta offset indicator
	0 or 1 bit, configurable

	CBG transmission information
	Same as DL

	UL- SCH indicator
	-

	Repetition factor 
	-

	New format indicator 
	-

	Priority indicator 
	-

	Waveform indicator
	-

	Virtual CRC
	Same as DL
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