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1. Introduction

In RAN1#AH 1901, the following agreements related to PDCCH enhancements for supporting URLLC were made [1]:
	Agreements:

For the DCI format scheduling Rel-16 NR URLLC, 
· Support potential reduction of the number of bits for at least one of the following fields compared to Rel-15 DCI 

· Frequency domain resource assignment

· Time domain resource assignment

· Modulation and coding scheme

· HARQ process number

· Redundancy version 

· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator

· Downlink assignment index

· Note: Reduction of other fields are not precluded 

· Down-select one of the following options for the DCI format size – targeting down-selection in RAN1#96 (not to be captured in the TR for now)

· Option 1: Fixed DCI size targeting a reduction of 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI

· Option 2: aligned with Rel-15 fallback DCI

· Option 3: configurable DCI size with the limitation as below  

· Minimum DCI size should target 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI

· Maximum size should be equal to the DCI format size of Rel-15 fallback DCI

· Option 4: DCI with configurable sizes for some fields, while

· The maximum DCI size can be larger than Rel-15 fallback DCI

· The minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI

· Provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any)

· Option 5: no introduction of new DCI format due to this SI

· Note: The DCI format may be impacted by other objectives in this study item and/or the following work item, e.g. PDCCH repetition mechanism and/or UCI enhancement, or may be impacted by objectives in other study item and/or work item, e.g. multi-TRP transmission from Rel-16 work item   
Conclusion:

· PDCCH repetition is not considered further in this study item


In this contribution, we discuss several discussion points regarding PDCCH enhancement techniques to be considered from RAN1 point of view. 
2. PDCCH enhancements
2.1. PDCCH evaluation
In Figure 1, the DL SINR CDFs to see the 5% Q-value are presented. 
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In Figure 1. DL SINR CDF (at 4 GHz carrier frequency)

In Figure 2, link-level performance of PDCCH with different payload sizes are presented. Detailed simulation assumptions are given in Appendix.
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Figure 2. PDCCH BLER performance 
Based on above, the evaluation results for PDCCH can be captured in TR 38.824 as follows. 
=============================================================================

Table 1. The required SINR (dB) to achieve different target BLER

	Urban Macro, carrier frequency 4 GHz, 4 Tx/4 Rx, TDL-C 300 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	1 (Huawei, R1-1900043)
	-7.5
	
	-8.1
	1e-6
	-2.2
	-4
	-
	-

	2 (ZTE, R1-1900069)
	-8.1
	-8.7
	
	1e-6
	-0.06
	-1.04
	-
	-

	3 (Intel, R1-1900493)  
	-7.9
	
	-8.6
	1e-6
	-2.282
	-2.542
	-
	-

	4 (MediaTek, R1-1900208)
	-7.5
	
	-8.5
	1e-6
	-3.1
	
	-
	-

	5 (Vivo, R1-1900126)
	-5.829
	
	-6.748
	1e-6
	-2.696
	
	-
	-

	

	6 (CATT, R1-1900331)  
	-8.3
	
	
	1e-5
	-0.3
	
	-
	-

	7 (OPPO, R1-1900281)
	-8.2
	
	
	1e-5
	-2.7
	-3.35
	-
	-

	8 (Ericsson, R1-1900158)
	-6.6
	
	-7.2
	1e-5
	
	
	-
	-

	9 (LG, R1-1902045)
	-8.6
	
	-9.4
	1e-5
	-3.15
	-3.73
	-
	-

	10 (Panasonic, R1-1900399)
	-9
	
	-10
	1e-5
	-3.3
	
	-
	-

	11 (Sequans, R1-1900680)
	-5.5
	
	-6.2
	1e-5
	
	
	-
	-


Proposal 1: Capture the evaluation results of Table 1 into TR 38.824.
2.2. Compact DCI
In RAN1#AH 1901, extensive discussions have been occurred regarding the DCI format scheduling rel-16 NR URLLC, and 5 options and their pros and cons were discussed for targeting down-selection in RAN1#96. In our view, option 4 has larger extent of flexibility but also is expected with more UE complexity whereas option 2 has no chance to enhance PDCCH reliability but no need to change the aspect related to BD and/or DCI size budget and still can provide the possibility to include any new field(s) for supporting any new feature for URLLC. Considering expected performance improvement, specification efforts, and UE complexity, option 2 is slightly preferred from our perspective.

Proposal 2: Option 2 is preferred for down-selection of DCI format scheduling rel-16 URLLC.

For options 2, 3, and 4, two aspects to be taken into account further are how to manage DCI size budget and how to differentiate DCI formats if the size of new DCI format is aligned with that of rel-15 fallback DCI. For sake of exposition, we hereafter denote DCI format scheduling rel-16 URLLC (if introduced) as “new DCI format”.
In case of option 2, once the size of new DCI format is aligned with that of rel-15 fallback DCI, two solutions can be expected: DCI format differentiation by associating different search space or different RNTI. The former solution may induce scheduling restriction such that gNB cannot use the fallback DCI (or the new DCI format) in a certain search space while the latter solution may induce higher false alarm probability. The inclusion of 1 bit flag cannot be adopted here if it is understood that rel-15 fallback DCI is not to be changed.
In case of option 3, it is also possible that the size of new DCI format may be aligned with that of rel-15 fallback DCI (in case the new DCI format has the maximum size). Then, the same solutions can be expected as above. 

In case of option 4, whether or not to align the size of new DCI format with that of rel-15 fallback DCI would depend on UE’s DCI size budget. If additional UE capability for DCI size budget is defined, the UE just monitor the new DCI format having additional DCI size. Otherwise, also the same solutions could be applied as above. 

Proposal 3: If the DCI size alignment is needed, DCI format differentiation by associating different RNTI or search space can be considered.
2.3. Increased PDCCH monitoring capability

In order to provide more transmission opportunities within a slot for reducing alignment delay, it is worthwhile to consider increased PDCCH monitoring capability. Table 2 shows the maximum number of monitored PDCCH candidates per slot for a single serving cell. 
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	Maximum number of monitored PDCCH candidates per slot and per serving cell 
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Table 2. Maximum number 
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 for a single serving cell [Table 10.1-2 of 38.213]
For URLLC, it is expected that TTI with shorter duration is needed to meet the more stringent latency requirement, which implies that monitoring occasion within a slot would be split up to a smaller size and thus more numbers of monitoring occasions would be configured. In case of 30 kHz subcarrier spacing, if 7 monitoring occasions are considered in a slot, 36 BDs need to be split across 7 monitoring occasions, which implies in average sense, only 5-6 BDs can be configured for a monitoring occasion. It would induce restriction to choose the resource for PDCCH transmission within a limited resources from gNB side. 
Thus, in order to support URLLC operation, the UE would need to support monitoring of more number of PDCCH candidates than BD limits defined in Rel-15 NR. More specifically, the maximum BD limits per monitoring occasion can be defined or reported with the maximum number of monitoring occasions within a slot, which would prevent excessive increase of UE implementation complexity, otherwise gNB will assume a certain number as the maximum BD limits for a monitoring occasion and then the sum of this number across all monitoring occasions within a slot would be the final BD limits that the UE should be capable of in the end. 
Proposal 4: UE capability on the maximum BD limits per monitoring occasion can be defined with the maximum number of monitoring occasions within a slot. 
Currently, if a UE is configured with more number of non-overlapped CCEs to monitor than channel estimation capability or with more number of candidates to monitor than blind decoding capability, then the UE skips monitoring for all candidates of the search space set(s) with higher search space set ID and lower priority of search space type. This inefficient behavior can be improved. For instance, rather than dropping a search space set, a UE can monitor some of candidates of the search space set to be dropped until the total number of PDCCH candidates to be monitored does not exceed the number of BDs/CCEs for PDCCH monitoring. 

Proposal 5: Allowing partial dropping of search space set due to the limitation of BDs/CCEs can be taken into account.
3. Conclusions

In this contribution, we discussed several aspects on PDCCH enhancements for NR URLLC. Based on the above discussion, our proposals are given as follows:
Proposal 1: Capture the evaluation results of Table 1 into TR 38.824.
Proposal 2: Option 2 is preferred for down-selection of DCI format scheduling rel-16 URLLC.

Proposal 3: If the DCI size alignment is needed, DCI format differentiation by associating different RNTI or search space can be considered.
Proposal 4: UE capability on the maximum BD limits per monitoring occasion can be defined with the maximum number of monitoring occasions within a slot. 
Proposal 5: Allowing partial dropping of search space set due to the limitation of BDs/CCEs can be taken into account.
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Appendix: Simulation assumptions 
For link-level evaluation, parameters in the following table are utilized.

	Parameter
	Value

	Carrier frequency for evaluation
	4 GHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901

	UE speed
	3 km/h 

	BS antenna configuration
	4 Tx antenna ports 

	UE antenna configuration
	4 Rx antenna ports

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE

	DCI payload
	40, 24 bits

	Aggregation levels
	1, 2, 4, 8, 16

	CORESET duration
	1 symbol

	REG bundle size
	6

	Precoder
	Precoder cycling 


For system-level evaluation, the parameters in TR 38.824 are assumed. Below are the parameters which are actually assumed for purpose of evaluation among listed parameters. 

	BS antenna configurations
	4 Tx/4 Rx antenna ports 

(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2) for 4 Tx/4 Rx antenna ports;

dH = 0.5λ, dV = 0.8λ;

antenna tilt =102 degree

	UE antenna configuration
	2 Tx/4 Rx antenna ports 

Panel model 1: Mg=1, Ng=1, P=2, dH=0.5

(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Rx;

(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1) for 2 Tx;
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