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High reliability
In this paper, the test cases of URLLC high reliability with higher BLER and low latency are discussed. 
FR1 requirements for high reliability:
Background:
For URLLC FR1 PDSCH with BLER target of 10^-2 test case, agreements and open issues from previous meeting are listed below:
Agreements of #96:
· HARQ process number: 2 for FDD and 4 for TDD
· Higher or equal to -4 dB for final 4 Rx requirement definition (average ideal SNR alignment result + IM)
· BLER calculation method
· BLER = NpacketFail/NpacketTx, where NpacketFail is the number of packets with CRC fail after all transmissions (initial and retransmissions), NpacketTx is the total number of packets transmitted during the test.

Open issues of #96:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]MCS for FR1: 
· Option 1: MCS13
· Option 2: MCS16
· Option 3: MCS19
Discussion
MCS:
RAN4 had an agreement on the MCS selection: higher or equal to -4 dB for final 4 Rx requirement definition (average ideal SNR alignment result + IM). According to the simulation results shown in R4-2015616, only MCS19 is suitable for this agreement.
Proposal 1: We propose to use MCS19 for FR1 PDSCH high reliability test with higher BLER.

FR2 requirements for high reliability:
Background:
URLLC FR2 PDSCH with BLER target of 10^-2 was agreed to be introduced on last meeting. Parameters will be discussed during the following meeting: 
Agreements of #96:
· Companies are encouraged to provide view on detailed test parameters for FR2 in the next RAN4 meeting:
· Aggregation factor, MCS, Channel bandwidth, SCS, Channel model, TDD pattern, PDSCH Mapping type etc.
Discussion:
Test cases with PDSCH repetition in FR2 was agreed to be specified in the last meeting. In this section, the detailed test parameters are proposed in table below. As this is a minimum performance test, we propose to maximum reuse Rel-15 exiting parameters or align with FR1 parameters.
	Parameter
	Unit
	Value

	Frequency range
	
	FR2

	Duplex mode
	
	TDD

	TDD pattern
	
	DDDSU (S=10:2:2)

	Bandwidth/SCS
	
	100 MHz/ 120 kHz

	Antenna configuration
	
	2x2, ULA low

	Channel model
	
	TDLA30-75

	PDSCH configuration
	Mapping type
	
	Type A

	
	Starting symbol (S) 
	
	1

	
	Length (L)
	
	13

	
	PDSCH aggregation factor
	
	2

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Number of HARQ Processes
	
	8

	Maximum number of HARQ transmissions
	
	4

	MCS Table
	
	Table 3, MCS19

	Test metric
	
	1% BLER



The performance is simulated according to the parameters proposed. The simulation results are presented in R4-2015616. The SNR value is about -2.9dB for MCS 19 from table 3. The test case can be specified with proposed parameters. 
Proposal 2: For FR2 high reliability with higher BLER test, we propose the duplex mode is TDD with pattern of “DDDSU”; bandwidth and SCS are 100 MHz/120 kHz; the antenna configuration is 2x2, ULA low; Channel model is TDLA30-75.
Proposal 3: For FR2 high reliability with higher BLER test, we propose the PDSCH mapping type is Type A, starting symbol is 1 and symbol length is 13. PDSCH aggregation factor is 2.
Proposal 4: For FR2 high reliability with higher BLER test, we propose the DMRS type is Type 1 and the number of additional DMRS is 1.
Proposal 5: For FR2 high reliability with higher BLER test, we propose the number of HARQ processes is 8 and the maximum number of HARQ transmissions is 4.
Low latency:
Two test cases are defined for URLLC UE low latency. 
FR2 PDSCH mapping type B:
Background:
In the last meeting, parameters for FR2 PDSCH mapping Type B were discussed. Agreements were reached as follows:
Agreements from #96:
· Test applicability rule for FR2: No need to define the applicability rule. 
· Test applicability rule for FR1 and FR2: No test applicability rule is needed.
· SCS/CBW: 120 kHz/100 MHz
· TDD pattern: DDDSU with S = 10D:2G:2U
· PDSCH Configuration
· Scheduling: No PDSCH in slot 0 within 20 ms
· MCS: [MCS4] from table 1. Confirming the MCS depends on the simulation results to ensure a proper SNR value.
· Start symbol: 1
· Symbol length: 2
· Max number of HARQ transmissions: 4​
· Number of HARQ process: 8
· Antenna configuration: 2x2, ULA low
· Channel model: 
· Option 1: TDLA30-75
· Other options are not precluded
· Test metrics: 70% throughput

Discussion 
Most of the parameters were agreed during the last meeting as shown in table below:
	Parameter
	Value

	Frequency range
	FR2

	Duplex mode
	TDD

	Antenna configuration
	2x2, ULA low

	PDSCH configuration
	Mapping type
	Type B

	
	Starting symbol (S) 
	1

	
	Length (L)
	2

	
	PDSCH aggregation factor
	1

	PDSCH DMRS configuration
	DMRS Type
	Type 1

	
	DM-RS duration
	Single-symbol DM-RS

	
	Number of additional DMRS
	0

	Maximum number of HARQ transmission
	4

	Number of HARQ process
	8

	Propagation condition
	TDLA30-75

	MCS Table
	Table 1, [MCS 4]

	SCS and BW
	120KHz/100MHz

	TDD Pattern
	DDDSU, S=10:2:2

	Frequency domain resource
	Full BW

	Testing metric
	Throughput: 70% 



According to these parameters, simulations were running and the results are shown in R4-2015616, the SNR value at 70% maximum throughput is about -3.45dB. MCS4 from Table 1 can be used for this test case.
Proposal 6: Use MCS4 from Table 1 for FR2 PDSCH mapping Type B test case.

Pre-emption indication 
Background:
Most parameters for pre-emption test case are agreed but the MCS has not been decided due to companies have different understanding of the UE behaviors. In the last meeting, the UE behaviors were agreed as follows:
· The assumption of UE behaviours for buffer flushing and decoding
· If UE cannot decode the PDCSH correctly, UE feeds back NACK to gNB. Then UE flushes the buffer and waits for the next re-transmission for LLR combing to decode the PDSCH. 
· URLLC interference modelling
· SNR: Same as for eMBB transmission
· Structure: Some random data
Some open issues are remained:
Open Issues:
· Pre-emption probability
· Option 1: 10% within 1 radio frame
· Option 2: 20% within 1 radio frame
· eMBB MCS 
· Option 1: MCS13 in Table 1
· Option 2: MCS4 in Table 1
· Test metric
· Option 1: 70% of max T-put
· Other options are not precluded
· Companies are encouraged to prepare comparison analysis of UE with and without HARQ buffer flushing of pre-empted bits to decide on options above
In this paper, open issues are discussed based on the agreed parameters. Our proposals are given.

Discussion
Based on the agreements from the last meeting, the UE behaviors for buffer flushing and decoding should be:
If UE cannot decode the PDCSH correctly, UE feeds back NACK to gNB. Then UE flushes the buffer and waits for the next re-transmission for LLR combing to decode the PDSCH.
According to our simulation results present in R4-2015616, the SNR difference between with and without buffer flush for 20% probability with MCS13 is smaller than 0.5dB. It is very difficult to test the performance for pre-emption. The coding rate can be increased to MCS16 and the SNR difference is around 2dB.
[bookmark: _GoBack]Proposal 7: We propose to use MCS16 from Table 1 for pre-emption test case.
Proposal 8: We propose to configure 20% pre-emption probability.
 
Test applicability
Background 
As presented in WF R4-2012648, the release independent was discussed during last meeting. The open issues are listed below:
	Agreements:
· No additional features and capability needed for URLLC Demod and CSI requirements introduced for Rel-15 feature under Rel-16 URLLC WI.
Open issues:
· FFS whether UE URLLC requirements for Rel-15 features are release independent from Rel-15

Discussion 
This issue was also discussed in other topics. Considering all UE URLLC performance requirements will be defined based on the Rel-15 core requirements, it is feasible to be release independent from Rel-15. And specifying it in TS 38.307 that is similar as LTE did for TS 36.307.

Proposal 9: UE URLLC requirements for Rel-15 features are release independent from Rel-15.
Rel16 feature discussion:
Background:
From last meeting, Rel-16 features for URLLC were began to be discussed. Requirements for Multi-TRP were agreed that it would not be discussed in URLLC thread. PDCCH enhancement or other features not precluded will be further discussed.
Agreements：
· Requirements for Multi-TRP URLLC transmission schemes are covered by Rel-16 e-MIMO WI, no discussion in URLLC thread.
Open Issues:
· Rel-16 features need to be discussed 
· PDCCH enhancement
· Other features not precluded.

Discussion 
PDCCH enhancements
In URLLC, the reliability of PDCCH needs to be enhanced. From RAN1’s perspective, the requirement of high reliability of PDCCH should similar to the requirement of high reliability of PDSCH. Currently, the BLER target of PDCCH in Rel-15 is 1%,
The reliability of PDCCH can be enhanced by different methods. 
Compact DCI:
New DCI formats (DCI 0-2 and DCI 1-2) are specified for URLLC. The payload size is reduced 10-16 bits compared with DCI 0-0/0-1. Reduced payload size requires lower SNR, then the capacity is increased and better reliability is achieved.
From demodulation performance perspective, no performance requirements are needed for new DCI formats.
PDCCH monitoring capability enhancement:
The monitoring capability per slot is increased by defining the monitoring capability per span. Span patterns of (2, 2), (4, 3), (7, 3) are designed but only applicate for SCS of 15 kHz and 30 kHz. The maximum number  of non-overlapped CCEs per span pattern is presented in table below:


The maximum number  of monitored PDCCH candidates per span pattern is shown in table below:


A RRC parameter PDCCHMonitoringCapabilityConfig is used to indicate whether Rel-15 or Rel-16 PDCCH monitoring capability will be used.
As mentioned above, the BLER target for PDCCH in Rel-15 is 1%. A performance test with lower BLER target for PDCCH monitoring capability per span should be specified.
Proposal 10: Requirements for PDCCH enhancement should be specified for URLLC.
Proposals:
Proposal 1: We propose to use MCS19 for FR1 PDSCH high reliability test with higher BLER.
Proposal 2: For FR2 high reliability with higher BLER test, we propose the duplex mode is TDD with pattern of “DDDSU”; bandwidth and SCS are 100 MHz/120 kHz; the antenna configuration is 2x2, ULA low; Channel model is TDLA30-75.
Proposal 3: For FR2 high reliability with higher BLER test, we propose the PDSCH mapping type is Type A, starting symbol is 1 and symbol length is 13. PDSCH aggregation factor is 2.
Proposal 4: For FR2 high reliability with higher BLER test, we propose the DMRS type is Type 1 and the number of additional DMRS is 1.
Proposal 5: For FR2 high reliability with higher BLER test, we propose the number of HARQ processes is 8 and the maximum number of HARQ transmissions is 4.
Proposal 6: Use MCS4 from Table 1 for FR2 PDSCH mapping Type B test case.
Proposal 7: We propose to use MCS16 from Table 1 for pre-emption test case.
Proposal 8: We propose to configure 20% pre-emption probability.
Proposal 9: UE URLLC requirements for Rel-15 features are release independent from Rel-15.
Proposal 10: Requirements for PDCCH enhancement should be specified for URLLC.
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