Page 1
3GPP TSG-RAN WG4 Meeting #95-e		R4-2006527
E-meeting, 25 May – 5 June, 2020

[bookmark: Source]Agenda item:	6.9.1.2.1
Source:	Intel Corporation
Title:	Discussion on UE performance requirements for URLLC
[bookmark: DocumentFor]Document for:	Discussion
Introduction
In the previous RAN4 meeting way forward for NR UE URLLC performance requirements was approved [1]. In this paper we provide our view on remaining open issues.
Discussion
FR1 PDSCH high reliability requirements
In the previous RAN4 meeting, the following agreements were reached on test design for high reliability verification:
	· [bookmark: _Hlk36804612]PDSCH Aggregation level: 
· 2 for FDD and TDD
· MCS: Select a suitable MCS value as per the evaluation results for MCS13/14/15/16 


PDSCH Scheduling
In the previous meeting, aggregation factor 2 was agreed for FDD and TDD test cases. Same time details of PDSCH scheduling was not discussed. All NR PDSCH requirements are defined under assumptions that PDSCH is not scheduled every first slot within 20 ms to avoid collision of S-SSB and PDSCH.
Based on 38.214 the following general rule is defined for scenarios with configured aggregation factor:
“…if the UE is configured with pdsch-AggregationFactor, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots.”
In Figure 1 we provide the illustration of PDSCH scheduling for FDD test in case scheduling procedure from Rel-15 PDSCH tests is used. We can observe that if PDSCH will be scheduled in all slots (except slot 0) in the first period of 20 ms then, due to odd number of slots with PDSCH within 20 ms and procedure defined in 38.214, PDSCH should be scheduled in the slot 0 in the second period on 20 ms. Therefore, we suggest to exclude PDSCH scheduling in slot 0 and slot 1 or 19 for FDD tests.
	

	[bookmark: _Ref40107976][bookmark: _Ref40107969]Figure 1. PDSCH scheduling for FDD


The following additional UE behaviour is defined for TDD scenarios:
“If a UE is scheduled by a DCI format 1_1 to receive PDSCH over multiple slots, and if tdd-UL-DLConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicate that, for a slot from the multiple slots, at least one symbol from a set of symbols where the UE is scheduled PDSCH reception in the slot is an uplink symbol, the UE does not receive the PDSCH in the slot.”
In Figure 2 we provide the illustration of PDSCH scheduling for TDD test in case scheduling procedure from Rel-15 PDSCH tests is used. We can observe that repetition for packet in slot 16 can not be scheduled due to procedure from 38.214. It means that 6 packets within 10 ms will be transmitted with repetition and 1 packet within 10 ms will be transmitted without repetition. We suggest to avoid scenarios with different reliability for different packets. Therefore, we propose to exclude PDSCH scheduling in slot i, where mod(i, 10) = 0, for TDD tests.
	

	[bookmark: _Ref37231149]Figure 2. PDSCH scheduling for TDD.


Proposal 1:	For high reliability requirements, exclude PDSCH scheduling in slots 0 and 1 (or 19) within 20 ms for FDD tests and in slots i, where mod(i, 10) = 0, for TDD tests.
MCS
In previous RAN4 meeting, it was agreed to further analyse the most suitable MCS for high reliability requirements and select among MCS13/14/15/16. In Figure 3 we provide 2Rx and 4Rx results for these MCSs.
	2 Rx

	4 Rx


	[bookmark: _Ref37402582]Figure 3. PDSCH performance with AL2


In Table 1 we provide SNR values for BLER 1% for different MCS 
[bookmark: _Ref40110805]Table 1. SNR for BLER 1%
	
	MCS 13
	MCS 14
	MCS 15
	MCS 16

	2 Rx
	-3.2
	-2.8
	-1.3
	-0.9

	4 Rx
	-5.6
	-5.3
	-4.0
	-3.8


We can observe that ideal results for MCS 13 is -5.6 dB for 4 Rx and -3.2 dB for 2 Rx. Taking into account that impairments margins will be added in the final requirements, the potential final SNR value will around -3.5 dB for 4 Rx and -1 dB for 2 Rx. Such values look feasible. Therefore, we suggest to use MCS 13 for high reliability URLCC PDSCH requirements.
Proposal 2:	Use MCS 13 for high reliability URLLC PDSCH requirements.
FR1 PDSCH requirements for mapping Type B and processing capability 2
In the previous RAN4 meeting, the following agreements were reached on test design for PDSCH mapping Type B and PDSCH processing capability 2 verification:
	· SCS/CBW:
· FDD: 15 KHz/10 MHz
· TDD: 30 KHz/ 40 MHz
· TDD pattern (30KHz SCS)
· DDDSU, S=10:2:2 
· Number of HARQ process: 
· FDD: 2
· TDD
· Option 1: 2
· Option 2: 4
· K1 for FDD: K1=0
· Channel model: TDLA30-10
· Antenna configuration: 2x2 and 2x4, ULA Low. 
· MCS: 
· Option 1: Only MCS 4
· Option 2: Only MCS 17
· Option 3: MCS 4 and MCS 17
· Number of RBs: 
· Full bandwidth only for MCS4
· FFS for MCS17
· PDSCH symbol length for FDD and TDD
· 2os
· FFS whether to define additional requirements for 4os or 7os
· Test metrics: Based on 70% throughput or 30% BLER
· 


[bookmark: _Hlk36914549]Number of HARQ process for 
Based on our understanding, difference of two options for number of HARQ process is whether to count slots with DL resource and without PDSCH transmission. In Figure 4 we provide the example of HARQ processes mapping for both options.
	

	[bookmark: _Ref40295869]Figure 4. HARQ indexes mapping for DDDSU pattern.


[bookmark: _GoBack]We think that both options are valid from NR configuration point of view. Same time, counting of all slots with available DL resources is more aligned with Rel-15 NR PDSCH requirements assumptions, because if only slots with PDSCH is counted then it may lead to scenarios with scheduling of initial transmission and retransmission on different TDD slots type (which is not aligned with Rel-15 assumptions). In Figure 5 we provide example for 7D1S2U pattern in case counting of only slots with PDSCH is considered.
	

	[bookmark: _Ref40296211]Figure 5. HARQ indexes mapping for 7D1S2U pattern.


Based on above observations, we suggest to define URLLC requirements under assumption of 4 HARQ processes and scheduling only with HARQ index 3.
MCS
Based on our understanding, using of lower MCS is more typical scenarios for URLLC transmission. Also, based on TR 38.913, the following sentence is capturer in the reliability section: “A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms”. Therefore, we suggest to define requirements for MCS 4.
PDSCH length
In the RAN4 #94-e meeting, it was agreed to define Mapping Type B requirements with 2 symbols PDSCH duration. However, we still have several options to include scenarios with another PDSCH duration. Based on our understanding, using of one PDSCH duration value is sufficient from test coverage point of view and it is not needed to define requirements for all possible PDSCH configurations
Proposal 3:	Use the following assumptions for requirements with mapping Type B and PDSCH processing capability 2:
· 4 HARQ processes and PDSCH scheduling with HARQ index 3
· MCS 4
· PDSCH duration 2.
Pre-emption indication for eMBB UE
In the previous RAN4 meeting, the following agreements were reached on requirements for pre-emption indication verification:
	· Pre-emption probability
· Option 1: 10% within 1 radio frame
· Option 2: 20% within 1 radio frame
· Pre-emption scheduling
· Option 1: Fixed scheduling
· Option 2: Non-fixed scheduling (slot periodicity/offset 10/5)
· Number of pre-empted symbols: Only 2os
· eMBB MCS 
· Option 1: MCS13 in Table 1
· Option 2: MCS4 in Table 1
· Companies are encouraged to prepare comparison analysis of UE with and without HARQ buffer flushing of pre-empted bits to decide on options above
· Test metric
· Option 1: 70% of max T-put
· Other options are not precluded 


We consider the following scenarios to define which conditions allows to verify proper UE implementation of pre-emption indication detection and buffer flushing:
· FRC: Rank 1, MCS 4 and MCS 13 (MCS table 1)
· Channel model: TDLA30-10
· Antenna configuration: 2x2
· Pre-emption scenarios:
· #1: No pre-emption
· #2: 10% probability with fixed scheduling within 1 radio frame
· #3: 20% probability with fixed scheduling within 1 radio frame
· Receiver assumptions
· Option 1: Detection of pre-emption indication is ON
· Option 2: Detection of pre-emption indication is OFF (incorrect UE processing)
In Figure 5 we provide simulation results for scenarios above. In Table 1 we show that is the SNR loss for 70 % of maximum throughput in case UE make incorrect receive processing in scenarios with pre-emption.
	MCS 4

	MCS 13


	[bookmark: _Ref37402772]Figure 6. Pre-emption indication performance analysis.


[bookmark: _Ref37330055][bookmark: _Ref37330052]
Table 2. SNR loss @ 70% Max T-put for incorrect Rx processing
	FRC
	Pre-emption probability 10%
	Pre-emption probability 20%

	Rank 1, MCS 4
	0.5
	1.0

	Rank 1, MCS 13
	0.7
	2.6


In case of pre-emption probability is 10% within 1 radio frame (i.e. Pre-emption scenarios Option 1), the SNR loss due to incorrect receive processing is less than 1 dB for both, MCS4 and MCS13, and verification will be rather hard.
The highest SNR loss is observed for the Rank 1, MCS 13 and 20% pre-emption probability.
Using of fixed scheduling simplifies test setup. Therefore, we suggest to consider this assumption.
Proposal 4:	Use the following parameters for Pre-emption indication requirements:
· Pre-emption periodicity: 20% probability with fixed scheduling within 1 radio frame
· FRC: Rank 1 with MCS 13 from MCS Table 1
Requirements for CQI Table 3
In the previous RAN4 meeting, the following agreements were reached on URLLC CQI requirements:
	· Propagation channel for CQI reporting
· Option 1: AWGN
· Option 2: Fading channel
· Target BLER in case AWGN conditions will be used
· Option 1: 10^-3
· Option 3: 10^-5
· Test metric in case AWGN conditions will be used
· Option 1: Reuse Rel-15 CQI test metric
· Option 2: Reuse Rel-15 CQI test metric and define a lower bound for median reported CQI in the CQI reporting tests for 99.999% reliability
· Other options are not precluded
· Test metric in case Fading conditions will be used
· Option 1: 
· A CQI index not in the set {median CQI -1, median CQI, median CQI +1} shall be reported at least α% of the time
· The ratio of the throughput with follow CQI vs median CQI shall be ≥ γ
· Other options are not precluded
· In case AWGN conditions with target BLER 10^-5 will be used, FFS feasibility to define CQI reporting test case and FMCS case at the same SNR and define an applicability rule between CQI reporting test and FMCS test 


In our companion paper [2] we provided our view on CQI requirements for AWGN conditions with ultra-low BLER. Based on this paper we proposed not to define CQI requirements for AWGN. Therefore, we suggest to test CQI Table 3 for fading conditions with wideband reporting. As for test metric, we suggest to use the following criteria from existing CQI requirements:
· A CQI index not in the set {median CQI -1, median CQI, median CQI +1} shall be reported at least α% of the time
· The ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ γ
Proposal 5:	Define wideband CQI requirements for fading conditions to verify CQI Table 3 using the following test metrics:
· A CQI index not in the set {median CQI -1, median CQI, median CQI +1} shall be reported at least α% of the time
· The ratio of the throughput with follow CQI vs median CQI shall be ≥ γ
Conclusion
In this paper we provided view on UE URLLC performance requirements and made the following proposals:
Proposal 1:	For high reliability requirements, exclude PDSCH scheduling in slots 0 and 1 (or 19) within 20 ms for FDD tests and in slots i, where mod(i, 10) = 0, for TDD tests.
Proposal 2:	Use MCS 13 for high reliability URLLC PDSCH requirements.
Proposal 3:	Use the following assumptions for requirements with mapping Type B and PDSCH processing capability 2:
· 4 HARQ processes and PDSCH scheduling with HARQ index 3
· MCS 4
· PDSCH duration 2.
Proposal 4:	Use the following parameters for Pre-emption indication requirements:
· Pre-emption periodicity: 20% probability with fixed scheduling within 1 radio frame
· FRC: Rank 1 with MCS 13 from MCS Table 1
Proposal 5:	Define wideband CQI requirements for fading conditions to verify CQI Table 3 using the following test metrics:
· A CQI index not in the set {median CQI -1, median CQI, median CQI +1} shall be reported at least α% of the time
· The ratio of the throughput with follow CQI vs median CQI shall be ≥ γ
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