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Introduction
Compact DCI and enhancement to the PDCCH monitoring capabilities are certainly very important topics to be progressed in the Rel-16 eURLLC enhancement to improve both the latency and the reliability. 
In this contribution, we discuss the remaining details for the design of the new compact DCI and we share our preferred options. Next, we discuss some potential enhancements for the PDCCH monitoring. We conclude by sharing our views on the impact of the PDCCH overbooking and dropping rules. 
Compact DCI 
One of the specific URLLC related feature that was agreed during the Rel-16 SI is introducing a new URLLC specific DCI with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0. 
Furthermore, in RAN1#98b [1], multiple agreements have been made regarding most of the DCI fields and lately in the email discussion the new reference for the SLIV for time domain resource allocation for PDSCH was also agreed. 
In this section, we share our views regarding the remaining open issues for the UL and the DL compact DCI for the eURLLC scheduling. 
0. Signaling of the new DCI format. 
In RAN1#98[2], it was agreed to introduce one new DCI format for DL scheduling and one new DCI format for UL scheduling with configurable sizes for some fields.

However, if the size of the new introduced DCI format (among the possible configurable sizes) could be similar to the already existing DCI formats and the DCIs are configured on the same CORESET & search space, then differentiation between the new DCI format and the other existing DCI formats is not possible from UE perspective. We therefore propose to always have different DCI size for the compact DCI. 
Proposal 1: Adopt Option 6: Different DCI sizes for URLLC and eMBB without increasing the DCI size budget 
· Align the DCI size for DCI format 0_1 and DCI format 1_1 if the number of DCI sizes exceed the DCI size budget  
Also adding a new DCI size to monitor at the UE side will increase the number of DCI sizes and could increase the complexity of the UE blind decoding. 
DCI size alignment rules given in section 7.3.1.0 of 38.212 could also be revisited and updated if needed to limit the number of possible DCI sizes to monitor. DCI size alignment could be beneficial to keep the same Rel-15 DCI sizes budget (i.e. “3 +1”) and limit the UE implementation complexity. 
Proposal 2: Adopt Option 2: No change to the UE DCI size budget “3+1” and performing DCI size alignment if needed for Rel-16 URLLC 
0. FD-RA field
Given that FD-RA Type 1 requires fewer bits to indicate the RBs assignment (compared to Type 0), it should be used for the compact DCI. In Rel-15, the granularity used for Type 1 is 1 RB, resulting in the number of bits for the FD-RA field given by:

where N is the number of RBs in the BWP. Assuming N ranges between 24 and 275 RBs, the number of bits for the FD-RA field will range between 9 and 16 bits. To reduce the number of bits for the FD-RA bit-field, it was agreed in RAN1#98 that a single configurable scheduling granularity applicable for both the starting point and length indication is to be adopted. 
This agreement means a new configurable scheduling granularity will be used for RA type 1 in the compact DCI instead of the “1RB” granularity used in Rel-15. We will use “g” to denote the new configurable scheduling granularity. 
When frequency hopping is enabled, it will borrow 1 or 2 bits from the frequency domain RA bit-field to indicate the hopping position. 2 or 4 hopping positions are RRC configured to the UE and the selection of the hopping position is done dynamically in Rel-15 through the DCI by taking 1 or 2 bits from the FD-RA bit-field. This will limit the size and the position of the allocation when Frequency hopping is enabled and should be taken into consideration when designing the FD-RA bit-field and the scheduling granularity.
To determine the number of bits in the FD-RA bit-field, the UE calculates it as follows:

Then if frequency hopping is enabled, the UE will subtract the number of bits required for frequency hopping offset indication

In the equation above, the used granularity is 1 RB (RA type 1). However, when the granularity is “g” instead of “1 RB” as agreed for the compact DCI in RAN1#98. The UE will first calculate the number of bits in the FD-RA as

The UE is signalled  and g and will use them to calculate the number of bits as in the equation above. If the UE is going to subtract  from the equation above, then the remaining number of bits will not be enough to cover all the scheduling combinations with the granularity “g” signalled to the UE.
An adjustment to the formula or specifying a new mechanism for coordination between the UE and the gNB to determine the correct granularity and the number of FD-RA bits is needed when the Frequency hopping is enabled. 
[bookmark: _Ref20822646][bookmark: _Ref20822626]Table 1: RB sizes not possible to allocate for different scheduling granularities when Frequency Hopping is enabled
	


Granularity (RBs)
	 (= 2 bits)
	 (= 2 bits)
	 (= 1 bit)

	
	RB sizes not possible to allocate
	Percentage of RB sizes that couldn’t be allocated (%)
	RB sizes not possible to allocate
	Percentage of RB sizes that couldn’t be allocated (%)
	RB sizes not possible to allocate
	Percentage of RB sizes that couldn’t be allocated (%)

	1
	[61-217]
	57
	[10-56]
	76
	[14-29]
	40

	2
	[61-220]
	59
	[17-50]
	56
	[15-30]
	40

	4
	[61-224]
	60
	[17-52]
	59
	[17-32]
	40

	8
	[65-232]
	61
	[17-56]
	65
	[17-40]
	60

	16
	[65-256]
	70
	[17-63]
	75
	[17-40]
	60



As shown in Table 1, up to 75% of the RB sizes couldn’t be allocated if the signalled granularity g=16 RBs and the frequency hopping is enabled with 4 hopping positions for  . 
Proposal 3: Frequency hopping should be taken into consideration when designing the FD-RA bit-field.
·  A scaling could be introduced for the UE to determine the new scheduling granularity from the signalled granularity. 
· FFS:  
· The number of bits in the FD-RA field is determined as 
Enhancements for PDCCH monitoring
Increase of CCEs/BDs
Increasing the maximum number of CCEs/BDs per slot is very important in Rel-16 to further reduce the achieved latency and reduce the PDCCH blocking probability. However, UE complexity and power consumption are the main concern and should be both taken into consideration in the design to have the ideal trade-off. 
For example, as one possible criterion, increasing the number of non-overlapping CCEs should be considered only if it brings latency enhancement to meet the 1ms latency target. 
In this section, we will provide some latency analysis for different numerologies using the simulation assumptions agreed for the Rel-16 SI on the eURLLC processing timeline [1]. In our analysis, we compare the peak latency for different number of PDCCH monitoring occasions per slot. The aim is to determine the required number of PDCCH monitoring occasions per slot to meet the 1 ms URLLC latency requirement for DL, UL configured Grant and UL Dynamic Grant. There is no need to increase the number of CCEs for a certain configuration compared to Rel-15 if the increased number doesn’t help in meeting the 1ms latency requirement. 
Based on the number of required PDCCH monitoring occasions derived from Figure 1 to Figure 9 and the feasible number of non-overlapping PDCCH candidates of AL16 per PDCCH monitoring occasion derived from Table 5, the number of required CCEs per numerology could be derived. 
Table 5 shows the maximum number of possible CCEs for different numerologies and different BWP sizes for 1 symbol, 2 symbols and 3 Symbols CORESET.  Based on Table 5 and assuming 1 Symbol CORESET, the maximum number of available CCEs is 22 for 60 kHz and 45 for 15 kHz and 30 kHz. Hence, we can conclude that only one AL16 candidate is possible for 60 kHz and two non-overlapping AL16 candidates are possible for 15 kHz and 30 kHz. 
Also in Figure 1 to Figure 9, we report the latency with 1 Tx (single shot: with no re-transmission) and 2Tx (with one re-transmission). In some cases, with 1st transmission + HARQ re-transmission, the 1ms latency requirement is not achievable (E.g.  SCS = 15 kHz and SCS = 30 kHz both for UL and DL). Hence, we shouldn’t consider the HARQ retransmission scheme to determine the number of required PDCCH monitoring occasions for those cases. With SCS = 60 kHz, it is possible to accommodate the 1st transmission + HARQ re-transmission within the 1ms latency budget and this scheme should be considered to determine the number of required PDCCH monitoring occasions for this case. 
For example for SCS = 15 kHz and with a single shot transmission, PDCCH monitoring configuration with 4 OS periodicity is needed to meet the 1ms latency required, which is equivalent to at least 3 PDCCH monitoring occasions configured.
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[bookmark: _Ref16084298]Figure 1: SCS = 15 kHz, DL
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Figure 2: SCS = 30 kHz, DL
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Figure 3: SCS = 60 kHz, DL
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Figure 4: SCS = 15 kHz, UL GF
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Figure 5:  SCS = 30 kHz, UL GF
	[image: ]
Figure 6 : SCS = 60 kHz, UL GF
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Figure 7: SCS = 15 kHz, UL GB
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Figure 8: SCS = 30 kHz, UL GB
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[bookmark: _Ref16084313]Figure 9: SCS = 60 kHz, UL GB

	
	



[bookmark: _Ref24009122]Table 2: Max required #CCEs per numerology per slot
	
	SCS = 15 kHz
	SCS = 30 kHz
	SCS = 60 kHz

	#AL16 non-overlapping candidates 
	2
	2
	1

	
DL
	# transmissions
	Single shot
	Single shot
	1st tx + 1 HARQ re-tx

	
	# PDCCH MOs
	3
	2
	3

	
	# CCEs 
	96
	64
	48

	
UL GF
	# transmissions
	Single shot
	Single shot
	1st tx + 1 HARQ re-tx

	
	# PDCCH MOs
	1
	1
	2

	
	# CCEs 
	32
	32
	32

	
UL GB
	# transmissions
	N.A
	Single shot
	Single shot

	
	# PDCCH MOs
	N.A
	2
	1

	
	# CCEs 
	N.A
	64
	16

	Rel-15 max #CCEs
	56
	56
	48

	Required #Max CCEs = max(Rel-15 max #CCEs, # CCEs DL, # CCEs UL GF, # CCEs UL GB)
	
96
	
64
	
48



Table 2 shows the number of CCEs required per slot to meet the 1ms latency target while accommodating two non-overlapping AL16 candidates per monitoring occasion for SCS = 15 kHz and SCS = 30 kHz and one AL16 candidate per monitoring occasion for SCS = 60 kHz.
 The Table shows that 96 CCEs, 64 CCEs and 48 CCEs are required respectively for SCS = 15 kHz, 30 kHz and 60 kHz. 
As a result, we can deduce that the number of CCEs need to be increased for 15 kHz and 30 kHz instead of 56 CCEs in Rel-15 and the number of CCEs could be maintained the same for 60 kHz. 
Proposal 4: Increase the number of CCEs per slot to 96 and 64 for SCS = 15 kHz and 30 kHz respectively and maintain the same Rel-15 number for 60 kHz.

CCEs/BDs Budget distribution
In RAN1#98b [1], the monitoring spans (2, 2) (4, 3) (7, 3) defined in UE feature 3-5b are adopted for the Rel-16 PDCCH monitoring capability. Defining an explicit limitation on the maximum number of BDs/non-overlapping CCEs per monitoring span is yet to be defined.
From Table 2, the budget per monitoring span could be derived as below:

	X
	Y
	C

	
	
	=0
	=1
	=2
	=3

	2
	2
	16
	16
	-
	-

	4
	3
	32
	32
	-
	-

	7
	3
	48
	48
	-
	-



 It is a required restriction to limit the UE complexity for channel estimation and blind decoding while still allowing for good flexibility to enable multiple PDCCH monitoring occasions per slot. 
It was also discussed whether to support (3, 3) and/or (3, 2) in addition to (2, 2), (4, 3) and (7, 3) as given in UE feature 3-5b. Achieving 4 PDCCH monitoring occasions using the so far agreed monitoring spans is possible. Although it may not be uniform but we don’t think this is critical for the eURLLC latency purpose since the combination (2, 2) is already agreed and available for low latency purpose. Using (3, 3) or (3, 2) will not lead to an ideal uniform PDCCH occasions neither since a slot is 14 symbols. Also increasing the span combinations will increase the complexity of the network scheduling. 
But in case majority of companies are in favour of adding an extra combination, then we have preference for the use of the combination (3, 2). 
Proposal 5: There is no need to support the PDCCH monitoring spans (3, 3) and/or (3, 2) in addition to (2, 2), (4, 3) and (7, 3) in Rel-16.
The behavior of the UE should be defined if the obtained PDCCH monitoring span arrangement is invalid (e.g. the condition on different start symbol indices of PDCCH monitoring occasions is no more than 7 is violated). If dropping one or multiple configurations could lead to a valid span monitoring configuration, the UE could drop one or multiple configurations based on some priorities (E.g. search space index). Also, dropping one or multiple configurations should be done prior to the PDCCH overbooking check to avoid dropping rules conflict. 
Proposal 6: The UE behaviour if the obtained PDCCH monitoring span arrangement is invalid should be defined. 
Regarding the co-existence of the new Rel-16 PDCCH monitoring capability with the existing Rel-15 slot-level PDCCH monitoring capability, the following agreement has been made and selecting between the two proposed options is needed: 
Agreements:
For a Rel-16 UE supporting enhanced PDCCH monitoring capability, down-select between option 1 and option 2: 
· 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  
· Note: the value C is to be separately discussed
Option 1 claims a gain by allowing for monitoring PDCCH for eMBB following reported Rel-15 capability, and monitoring PDCCH for URLLC following reported Rel-16 capability on the same carrier. However, studying in details this option shows a lot of limitations and constraints both from UE implementation, network scheduling perspectives and specification effort. The eMBB traffic could be scheduled using the PDCCH monitoring occasions for URLLC. There is no need to have separate PDCCH monitoring occasions specifically for eMBB. This will increase the UE complexity and restrict the network scheduling flexibility.
Observation 1: the eMBB traffic could be scheduled using the PDCCH monitoring occasions for URLLC. There is no need to have separate PDCCH monitoring occasions specifically for eMBB.
First of all, it is important to highlight that Rel-15 3-5b feature (PDCCH monitoring any occasions with span gap) is reported by the UE per band and not per CC. The UE couldn’t therefore report the support of Rel-15 3-5b feature on some carriers of a band and report the support of the Rel-16 PDCCH monitoring capability on the remaining carriers of the same band. Therefore, if Option 1 is to be adopted reporting per CC is required but not currently possible with the current specification status.
To understand the concept, Option 1 consists of merging PDCCH monitoring capabilities on the same carrier. For example if the UE reports that it can support two carriers, then it could be configured by the gNB with one single carrier where both the PDCCH monitoring mechanisms and capabilities of the two carriers are supported simultaneously on the single configured carrier. But this means a particular UE implementation is required where an architecture with CA hardware sharing between different CCs is designed. Therefore, Option 1 is only applicable for the UEs that implement “hardware sharing”, where if the UE is configured by number of carriers less than the reported, the UE could merge the capability of these carriers. Also, it is only applicable when the UE is configured by number of carriers less than the reported number of carriers. A UE that is configured with number of carriers equal to the reported number of carriers will not be able merge the capability of these carriers (i.e. one each carrier the UE will be configured by either Rel-15 or Rel-16 capability, similar way to Option 2). Thus, the applicability of Option 1 is very limited (i.e. how many UEs in real deployment will support “hardware sharing”, and will be configured by number of carriers less than the reported number of carriers).
Observation 2: Option 1 is only applicable for the UEs that implement “hardware sharing”.
 Also, it is not clear why the merging is only between Rel-15 capability and Rel-16 capability. In other words, a UE that is capable of “hardware sharing” should be able to merge between any monitoring capabilities (i.e. Rel-16 capability with Rel-16 capability, Rel-15 capability with Rel-15 capability, Rel-16 capability with Rel-15 capability). Thus, option 1 as proposed currently is very restrictive to the concept of hardware sharing since it allows for the merging of Rel-15 capability and Rel-16 capability combination only. If the hardware sharing concept is to be discussed and specified we recommend that it supports merging same or different capabilities. E.g. a UE reporting the support of two CCs with Rel-15 PDCCH monitoring could be configured with one CC with double the CCEs/BDs budgets. Also, further clarification on how many carriers the UE could merge is needed. 
Observation 3: option 1 as proposed currently is very restrictive to the concept of hardware sharing since it allows for the merging of Rel-15 capability and Rel-16 capability combination only.
Observation 4: Further clarification on how many carriers the UE could merge is required.

Merging the Rel-15 and Rel-16 PDCCH monitoring capabilities on the same CC requires as well distinction between eMBB and URLLC traffic to prioritize the URLLC traffic and take advantage of the increased capability. However, using the DCI to differentiate between the traffics is difficult since eMBB and URLLC could use the same DCI format. Using the COREST to differentiate the traffics could also be challenging since the CORESET for eMBB and URLLC could be overlapped. Also, some of the options (such as CORESET) could be limiting for the scheduler and would require an increase in the number of BDs.
Observation 5: Options to distinguish eMBB and URLLC traffic could be limiting for the scheduler and would require an increase in the number of BDs.
The gain of option 1 in terms of latency for URLLC is possible only if processing time capability #1 is associated with eMBB and capability #2 processing time is associated with URLLC where the UE could prioritize the decoding of the URLLC PDCCH candidates. However, this is restrictive to the eMBB traffic which could also be configured with capability #2 and in that case Option 1 is not very useful. Also, the support of processing timeline capability 1 or 2 is currently reported per band and not per CC. Therefore, if Option 1 is to be adopted reporting per CC is required but not currently possible with the current specification status.

Observation 6: Associating eMBB traffic with capability#1 processing time is restrictive to the eMBB traffic.
To give some background about the status of the Rel-15 design for the processing time capabilities, when the UE reports its support of the PDSCH processing capability 2 or 1 it is reported per band and not per CC. The PDSCH processing capability 2 signalling comprises also the two parameters “differentTB-PerSlot “ and “fallback” indicated for each sub-carrier spacing supported by the UE as highlighted in Table 3. 
 
[bookmark: _Ref23868862]Table 3: PDSCH Processing Capability # 2 configuration 
	DifferentTB-PerSlot
	NumberOfCarriers

	NCC ≤ NumberOfCarriers


	NCC > NumberOfCarriers

	
	
	
	fallback = 'sc'
	fallback = 'cap1-only'

	Up to 1 TB Per Slot
	NoC_1
	Cap#2
	1CC Cap#2 & (NCC -1) Cap#1
	Cap#1

	Up to 2 TB Per Slot
	NoC_2
	Cap#2
	1CC Cap#2 & (NCC -1) Cap#1
	Cap#1

	Up to 4 TB Per Slot
	NoC_4
	Cap#2
	1CC Cap#2 & (NCC-1) Cap#1
	Cap#1

	Up to 7 TB Per Slot
	NoC_7
	Cap#2
	1CC Cap#2 & (NCC-1) Cap#1
	Cap#1


Where in Table 3, NumberOfCarriers is reported by the UE and is the limit on the number of carriers per number of TBs per slot where capability #2 could be supported and NCC is the number of carriers configured by the network. The parameter “fallback” reported by the UE indicates whether the UE supports PDSCH processing capability 2 when the number of configured carriers is larger than NumberOfCarriers for a reported value of differentTB-PerSlot. Having multiple carriers with different processing time capabilities is possible only when NCC > NumberOfCarriers and fallback = 'sc'. If option 1 is adopted, then UE could be configured with on carrier supporting capability #2 and capability #1 simultaneously (associated with URLLC and eMBB respectively) & (NCC-1) carriers supporting Cap#1. 
Let’s take one example where the UE reports the support of PDSCH processing capability 2 and NumberOfCarriers equal to 2:
[bookmark: _Ref23870142]Table 4 : Example of PDSCH processing capability 2 Configuration
	NumberOfCarriers

	NCC =1


	NCC =2

	NCC =3 (Rel-15)
	NCC =3 (Rel-16 Option-1)

	
	
	
	fallback = 'sc'
	fallback = 'cap1-only'
	fallback = 'sc'
	fallback = 'cap1-only'

	2
	1 CC with Cap#2
	2 CC with Cap#2 both
	1CC Cap#2 & 2 CC Cap#1
	3CC with Cap#1
	1CC Cap#2 & Cap#1 and 1 CC Cap#1 ( =2)
	3CC with Cap#1



For this particular example and based on Table 4, Rel-15 allows for: 
· 2 CC with Cap#2 both
· 1CC Cap#2 & 2 CC Cap#1
And Rel-16 (assuming Option 1) allows for: 
· 1CC Cap#2 & Cap#1 and 1 CC Cap#1
We don’t observe that much benefit and flexibility in adopting option 1 compared to what Rel-15 could offer. With Rel-15, it is possible to have two carriers with capability #2 (thus supporting both eMBB and URLLC traffic on both carriers). It is also possible to have another configuration with one carrier with capability #2 (thus supporting eMBB and URLLC) and two carriers supporting capability #1 (thus eMBB traffic). 
Also, Option 1 will reduce the number of supported carriers since two carriers capabilities will be merged on the same carrier which is equivalent to having two virtual carriers on a single carrier. It will also limit the number of carriers that can support URLLC.
Observation 7: Not much benefit and flexibility in adopting Option 1 compared to what Rel-15 could offer in terms carriers configuration. 
Finally, it is important to mention that Option 1 doesn’t exclude Option 2.  Supporting Option 1 requires Option 2 to be already supported by the UE. It is therefore a priority to agree and specify Option 2 and then explore Option 1 if the remaining RAN1 time allows for it.
Observation 8: Supporting Option 1 requires Option 2 to be already supported by the UE.
If to be discussed, Option-1 should be modified as following: 
E.g. If the UE reports its support of X CCs with the PDCCH monitoring based on Rel-15 capability and Y CCs with the PDCCH monitoring based on Rel-16 capability, the UE could be configured with Z CCs where Z < X+Y and on each configured CC PDCCH monitoring based on the same or different capability (Rel-15 or Rel-16) are merged. 
· E.g. UE reports the support of 4 CCs: 2 with Rel-15 PDCCH monitoring capability and 2 with Rel-16 PDCCH monitoring. If the UE is configured with two CCs, it could possibly be configured with 
· 2 CCs: Each CC with Rel-15 or Rel-16 PDCCH monitoring capabilities
· 2 CCs: 1 CC with the two Rel-15 PDCCH monitoring capabilities merged and 1 CC with the two Rel-16 PDCCH monitoring capabilities merged. Or
· 2 CCs: 1 CC with the Rel-15 and Rel-16 PDCCH monitoring capabilities merged and 1 CC also with the Rel-15 and Rel-16 PDCCH monitoring capabilities merged.

[bookmark: _GoBack]It is also important to avoid any link between the PDCCH monitoring capability and the processing time capability used for the decoding of the scheduled PUSCH/PDSCH. Data traffic scheduled with the Rel-15 PDCCH monitoring capability should still be able to support capability#1 or capability#2 for the processing timeline.  
Proposal 7: Disassociate the PDCCH monitoring capability from the processing timeline capability.
Proposal 8: Regarding the co-existence of the new Rel-16 PDCCH monitoring capability with the existing Rel-15 slot-level PDCCH monitoring capability, support Option-2. 
The UE PDCCH monitoring capability when CA is used should be discussed and clarified. The UE could report the number of CCs supported with the Rel-15 PDCCH monitoring capability and report the number of CCs supported with Rel-16 monitoring capability. Reporting per CC is not possible in Rel-15 where for example the support of the feature 3-5b is reported per band. 
Proposal 9: When CA is used, the UE could report its Rel-15 or Rel-16 PDCCH monitoring capability per CC or per band. This could be decided in the UE features discussion.
Scaling the monitoring capability if the number of configured CCs is larger than the reported CA PDCCH monitoring capability is challenging. Applying the same Rel-15 formula per span instead of slot for the carriers with the same monitoring span is not feasible if the spans are staggered. Using the formula per slot is not possible as well since different monitoring span could be configured per carrier leading to different CCEs/BDs budget per slot. Therefore to avoid this discussion which may consume a lot of time and will be challenging to conclude in Rel-16, it is better to restrict the number of CCs configured with Rel-16 monitoring capability to be the same as the reported UE capability.  
PDCCH overbooking and dropping rules
A pseudo-code is defined in Rel-15 specs to handle the PDCCH overbooking. The PDCCH overbooking happens when the UE is configured with a number of PDCCH candidates to monitor larger than the #BDs specified limits. In the specified pseudo-code, CCEs/BDs allocation starts with search space (SS) with the lowest index. Therefore, priorities are currently given to the search spaces according to their indexes. This is not good for the URLLC traffic which could be scheduled by a PDCCH in a search space with high index and could be therefore dropped. 
To handle this issue multiple options are possible: 
· Option 1: Allocate priorities to search spaces and take those priorities into account in the PDCCH overbooking pseudo-code.
· Option 2: Split the CCEs/BDs budget equally (or with some priorities to the URLLC traffic) to avoid the risk of the CCEs being consumed from the initial monitoring occasion/CORESETs/search space.
· Option 3: Don’t allow overbooking for the Rel-16 monitoring capability
Proposal 10: PDCCH overbooking and dropping rules should be reviewed for Rel-16 URLLC. 
Conclusion
In this contribution, we shared our views on how to enhance PDCCH transmission to meet the URLLC requirements. Based on the discussions and the analysis, we have the following observations and proposals:
Observation 1: the eMBB traffic could be scheduled using the PDCCH monitoring occasions for URLLC. There is no need to have separate PDCCH monitoring occasions specifically for eMBB.
Observation 2: Option 1 is only applicable for the UEs that implement “hardware sharing”.
Observation 3: option 1 as proposed currently is very restrictive to the concept of hardware sharing since it allows for the merging of Rel-15 capability and Rel-16 capability combination only.
Observation 4: Further clarification on how many carriers the UE could merge is required.

Observation 5: Options to distinguish eMBB and URLLC traffic could be limiting for the scheduler and would require an increase in the number of BDs.
Observation 6: Associating eMBB traffic with capability#1 processing time is restrictive to the eMBB traffic.
Observation 7: Not much benefit and flexibility in adopting Option 1 compared to what Rel-15 could offer in terms carriers configuration. 
Observation 8: Supporting Option 1 requires Option 2 to be already supported by the UE.
Proposal 1: Adopt Option 6: Different DCI sizes for URLLC and eMBB without increasing the DCI size budget 
· Align the DCI size for DCI format 0_1 and DCI format 1_1 if the number of DCI sizes exceed the DCI size budget  
Proposal 2: Adopt Option 2: No change to the UE DCI size budget “3+1” and performing DCI size alignment if needed for Rel-16 URLLC. 
Proposal 3: Frequency hopping should be taken into consideration when designing the FD-RA bit-field.
·  A scaling could be introduced for the UE to determine the new scheduling granularity from the signalled granularity. 
· FFS:  
· The number of bits in the FD-RA field is determined as 
Proposal 4: Increase the number of CCEs per slot to 96 and 64 for SCS = 15 kHz and 30 kHz respectively and maintain the same Rel-15 number for 60 kHz.
Proposal 5: There is no need to support the PDCCH monitoring spans (3, 3) and/or (3, 2) in addition to (2, 2), (4, 3) and (7, 3) in Rel-16.
Proposal 6: The UE behaviour if the obtained PDCCH monitoring span arrangement is invalid should be defined. 
Proposal 7: Disassociate the PDCCH monitoring capability from the processing timeline capability.
Proposal 8: Regarding the co-existence of the new Rel-16 PDCCH monitoring capability with the existing Rel-15 slot-level PDCCH monitoring capability, support Option-2. 
Proposal 9: When CA is used, the UE could report its Rel-15 or Rel-16 PDCCH monitoring capability per CC or per band. This could be decided in the UE features discussion.
Proposal 10: PDCCH overbooking and dropping rules should be reviewed for Rel-16 URLLC. 
References
[1] [bookmark: _Ref21348425][bookmark: _Ref16082722][bookmark: _Ref528311179][bookmark: _Ref521429499][bookmark: _Ref506552998][bookmark: _Ref506552988]RAN1 # 98b Chairman Notes. 
[2] [bookmark: _Ref23928082]RAN1 # 98 Chairman Notes. 
[3] R1-1901472 “Email discussion/approval on converging the proposals for eURLLC processing timeline” 3GPP TSG RAN WG1 #AH1901, Qualcomm
[4] RAN1 # AH1901 Chairman Notes. 
[5] [bookmark: _Ref4488107][bookmark: _Ref510818889]RAN1 # 96 Chairman Notes. 
[6] 3GPP TS 38.212: “NR; Multiplexing and channel coding”, V15.4.0 (2018-12) 




[bookmark: _Ref521399944]Appendix A

[bookmark: _Ref16083737]Table 5: Maximum supported #CCEs per COREST and per SCS
	Maximum transmission bandwidth configuration NRB

	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	0
	0
	0
	0

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	217
	245
	273

	60
	0
	11
	18
	24
	31
	38
	51
	65
	79
	107
	121
	135

	3 Symbols CORESET

	SCS (kHz)
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs

	15
	12
	26
	39
	53
	66
	80
	108
	135
	0
	0
	0
	0

	30
	5
	12
	19
	25
	32
	39
	53
	66
	81
	108
	122
	136

	60
	0
	5
	9
	12
	15
	19
	25
	32
	39
	53
	60
	67

	2 Symbols CORESET

	SCS (kHz)
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs

	15
	8
	17
	26
	35
	44
	53
	72
	90
	0
	0
	0
	0

	30
	3
	8
	12
	17
	21
	26
	35
	44
	54
	72
	81
	91

	60
	0
	3
	6
	8
	10
	12
	17
	21
	26
	35
	40
	45

	1 Symbols CORESET

	SCS (kHz)
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs
	#CCEs

	15
	4
	8
	13
	17
	22
	26
	36
	45
	0
	0
	0
	0

	30
	1
	4
	6
	8
	10
	13
	17
	22
	27
	36
	40
	45

	60
	0
	1
	3
	4
	5
	6
	8
	10
	13
	17
	20
	22
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