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Introduction
In RAN1 98bis, some agreements on PDCCH enhancement for NR URLLC were achieved
Agreements:
For the new DCI format for DL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
· Antenna port(s) (0 or 4/5/6 bits)
· New RRC configuration parameters are introduced for this configuration
· Transmission configuration indication (0 or 3 bits)
· FFS 1 or 2 bits
· SRS request (0 or 2 or 3 bits)
· FFS 1 bit
· DMRS sequence initialization (0 or 1 bit) 

Agreements:
For resource allocation type 1 for frequency domain resource assignment for the new DCI formats scheduling Rel-16 URLLC, the possible configurable values for the scheduling granularity for starting point and length indication is {2, 4, 8, 16}. 
· If not configured, the granularity is 1 PRB. 
· FFS other possible values
Agreements:
For the new DCI format for UL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
· SRS resource indicator (0 or 1 or 2 or 3 or 4 bits)
· FFS details of configuration
· Precoding information and number of layers (0 or 1 or 2 or 3 or 4 or 5 or 6 bits)
· FFS details of configuration
· Antenna port(s) (0 or 2 or 3 or 4 or 5 bits)
· FFS details of configuration
· SRS request (0 or 2 or 3 bits)
· FFS details of configuration
· DMRS sequence initialization (0 or 1 bit) 
· New RRC parameter is introduced to configure whether this field is present in the DCI or not
· If the field is present, then the number of bits is determined in the same way as in Rel-15
· DMRS-PTRS association (0 or 2 bits)
· FFS details of configuration
Discussion
1.1 New DCI format design
Many field design in compact DCI has been agreed, however, details are FFS.  For FFS, design principle is to follow existing design. If there is no reference, simple solution is preferred.
· Field in DL grant
· Antenna port(s) (0 or 4/5/6 bits)
If 4/5/6 bits is configured, the procedure should be same with Rel.15. If 0 bit is configured, it need a default value for Antenna port(s) field. Generally, Antenna port configuration 0 could be assumed.
However, if considering that DCI for SPS activating [2], Antenna port can be configured by RRC if antenna port field is absent in DCI.
· Transmission configuration indication (0 or 3 bits)
Configuration of 1 or 2bits is FFS. If the number of available TCI states is smaller than 5, 2 bits could be chose. If there is 1 bit for TCI field, up to 2 TCI stats could be indicated.
· SRS request (0 or 2 or 3 bits)
If 2 or 3 bits is configured, it is similar with Rel.15. If 0 bit is configured, the action for SRS request should be defined. E.g. if 0 bit is configured, aperiodic SRS will always not be triggered or regard value of SRS request field as a default value.
· Field in UL grant
· SRS resource indicator (0 or 1 or 2 or 3 or 4 bits)
The configuration and procedure should follow Rel.15.
· Precoding information and number of layers (0 or 1 or 2 or 3 or 4 or 5 or 6 bits)
The configuration and procedure should follow Rel.15.
· Antenna port(s) (0 or 2 or 3 or 4 or 5 bits)
If 2/3/5 bits is configured, the procedure should be same with Rel.15. If 0 bit is configured, it need a default value for Antenna port(s) field. Generally, Antenna port configuration 0 could be assumed.
However, if considering that DCI for configured grant activating [2], Antenna port can be configured by RRC if antenna port field is absent in DCI.
· SRS request (0 or 2 or 3 bits)
If 2 or 3 bits is configured, the configuration and procedure should follow Rel.15. 
If 0 bit is configured, the action for SRS request should be defined. E.g. if 0 bit is configured, aperiodic SPS will always not be triggered or regard value of SRS request field as a default value.
· DMRS-PTRS association (0 or 2 bits)
The procedure should be similar with Rel.15.
Proposal 1: The configuration and procedure should follow Rel.15 for the following parameters: 
· SRS resource indicator 
· Precoding information and number of layers 
Proposal 2: For the following parameters, if the bit number is configured as 0, a default value or high layer configuration. If the bit number is larger than 0, the configuration and procedure should follow Rel.15.
· Antenna port(s) in both DL and UL grant
· SRS request in both DL and UL grant
Proposal 3: For Transmission configuration indication, the additional bit number could be supported when the number of supported TCI states is less than 5 or 3.
1.2 PDCCH monitoring capability 
Non-overlapped CCE number
In RAN1 98 meeting, (2, 2) (4, 3) (7, 3) defined in UE feature 3-5b as the combination (X, Y) for Rel-16 PDCCH monitoring capability on the per-CC limit on the maximum number of non-overlapping CCEs   for URLLC have been supported. However, (3, 3) (3, 2) and applicable subcarrier spacing (60, 120 kHz) is FFS. 
Firstly, if (3, 3) is supported, then (3, 2) is not additionally introduced. Then there is no significant delay between (4, 3) and (3, 3). So it is not necessary to support (3, 2) and (3, 3).
For applicable subcarrier spacing (60, 120 kHz), the time duration per slot is very short, e.g.0.25ms and 0.125ms. Slot based PDCCH monitoring periodicity is enough to support URLLC. So, 60 and 120kHz is not necessary to support.
Proposal 4: Both (3, 2) and (3, 3) defined in UE feature 3-5b is not supported as the combination (X, Y) for Rel-16 PDCCH monitoring capability on the per-CC limit on the maximum number of non-overlapping CCEs   for URLLC.
Proposal 5: 60 and 120 kHz is not necessary to support due to time duration per slot for 60 and 120kHz is short enough.
The existing Rel-15 slot-level PDCCH monitoring capability is suitable for eMBB traffic and common control signaling, so the existing Rel-15 slot-level PDCCH monitoring capability needs to be reported. To support URLLC traffic, the per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is more suitable. So 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.
Proposal 6: 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
Although PDCCH monitoring capability defined in UE feature 3-5b increases the maximum number of non-overlapped CCEs for URLLC per slot, it restricts PDCCH monitoring time, which means to finish PDCCH monitoring within shorter time window. Therefore, PDCCH monitoring with Rel-15 capability and PDCCH monitoring with Rel-16 capability should be sorted to ensure that PDCCH monitoring with Rel-16 capability can be performed with high priority. In Rel-15, Search spaces have priority based on search space index, which could be reused to differentiate PDCCH monitoring capability through defining relationship between search space and PDCCH monitoring capability. For example, Search space with lower search space index can be applied for PDCCH for URLLC, and Search space with higher search space index can be applied for PDCCH for eMBB. Then according to priority rule of search space, PDCCH for URLLC will be monitored with high priority and then PDCCH for eMBB and/common search space is monitored with low priority.
Proposal 7: The relationship between search space and PDCCH monitoring capability is configured to ensure PDCCH for URLLC is monitored with high priority.
To support URLLC, 7 monitoring occasion per slot should be supported, especially for cell center and middle UE.  For cell edge UE, PDSCH/PUSCH duration may be longer to satisfy URLLC reliability, so frequent monitoring occasion cannot provide benefit for cell edge UE due to the bottleneck of latency is PDSCH/PUSCH duration. So for cell edge UE, monitoring occasion number per slot is still small.
For frequent monitoring occasion, e.g. 7 per slot, the maximum number of non-overlapped CCE could be smaller, e.g. 8, to mainly support cell center or middle UE. For normal monitoring occasion, e.g. 2 per slot, the maximum number of non-overlapped CCE needs to be larger, e.g. 32, to support cell edge UE. Considering PDCCH resource efficiency, e.g. balance between PDCCH resource sharing and PDCCH blockage, more non-overlapped CCE is required ,e.g. the above value are doubled.
Table 3 the maximum number of non-overlapped CCE per PDCCH monitoring span
	
	X
	Y
	C

	
	
	
	u=1

	Combination 1
	2
	2
	16

	Combination 2
	4
	3
	32

	Combination 3
	7
	3
	64



Proposal 8: 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 listed in Table 3.
One agreement in RAN1 98 is that If UE reports the support of more than one combination of C(X, Y) for a given SCS, and if multiple combinations of C(X, Y) are valid for the span pattern, the maximum value of C of the valid combinations is applied for each slot. Then in some PDCCH configurations, empty span will occur, as shown in Figure 1, two search spaces are configured, then C (4, 3) is applied for each slot and the 4th span in each slot is empty span. To utilize UE capability, it is suggested that the maximum value of C of the valid combinations is applied for each non-overlapped PDCCH resource set. In other words, (X,Y) and C(X,Y) is defined for each non-overlapped PDCCH resource set, as shown in Figure 1, C(4,3) is applied in the 1st and 2nd non-overlapped PDCCH resource set and C(7,3) is applied in the 3rd non-overlapped PDCCH resource set.


Figure 1 the maximum value of C of the valid combination
Proposal 9: If UE reports the support of more than one combination of C(X, Y) for a given SCS, and if multiple combinations of C(X, Y) are valid for the span pattern, the maximum value of C of the valid combinations is applied for each non-overlapped in time domain PDCCH resource set
DCI size alignment
New DCI format will impact DCI size budget or alignment. If new DCI size is added, then PDCCH blind decoding number increases or PDCCH candidate per DCI size decreases, which impacts PDCCH schedule flexibility and increases PDCCH blockage probability. So it should be avoid increasing DCI size budget per search space.
Maintaining DCI size budget per search space does not mean to maintain current DCI size budget. According current specification, DCI size budget is defined for all search space. If one UE supporting both eMBB and URLLC, then DCI size budget may be not enough. But if DCI size budget is defined for each search space, then DCI size budget is enough and does not increase UE complexity. For example, Fallback DCI and new DCI are configured in one search space for URLLC, and fallback DCI and normal DCI (DCI format 1_1/0_1) are configured in another search space for eMBB.
Proposal 10: It should be avoid increasing DCI size budget per search space.
Conclusions
In this contribution, we show our views on PDCCH enhancement for URLLC with following proposals:
Proposal 1: The configuration and procedure should follow Rel.15 for the following parameters: 
· [bookmark: _GoBack]SRS resource indicator 
· Precoding information and number of layers 
Proposal 2: For the following parameters, if the bit number is configured as 0, a default value or high layer configuration. If the bit number is larger than 0, the configuration and procedure should follow Rel.15.
· Antenna port(s) in both DL and UL grant
· SRS request in both DL and UL grant
Proposal 3: For Transmission configuration indication, the additional bit number could be supported when the number of supported TCI states is less than 5 or 3.
Proposal 4: Both (3, 2) and (3, 3) defined in UE feature 3-5b is not supported as the combination (X, Y) for Rel-16 PDCCH monitoring capability on the per-CC limit on the maximum number of non-overlapping CCEs   for URLLC.
Proposal 5: 60 and 120 kHz is not necessary to support due to time duration per slot for 60 and 120kHz is short enough.
Proposal 6: 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.
Proposal 7: The relationship between search space and PDCCH monitoring capability is configured to ensure PDCCH for URLLC is monitored with high priority.
Proposal 8: 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 listed in Table 3.
Proposal 9: If UE reports the support of more than one combination of C(X, Y) for a given SCS, and if multiple combinations of C(X, Y) are valid for the span pattern, the maximum value of C of the valid combinations is applied for each non-overlapped in time domain PDCCH resource set
Proposal 10: It should be avoid increasing DCI size budget per search space.
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