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1 Introduction

In the WID for URLLC [1] there is a list of candidate features (listed below) for RAN4 take into consideration when creating new performance requirements. This paper provides an overview, and our views of these features.
	· Study and specify the UE/BS demodulation performance and UE CQI reporting requirements for low latency

· The following candidate features related to low latency should be further identified and prioritized

· PDSCH processing capability 2

· Self-contained slot and/or non slot for DL

· PDSCH and PUSCH mapping type A/B

· Pre-emption indication for DL

· Other features are not precluded


2 Feature overview
2.1 Pre-emption indication for DL
This feature provides the URLLC capable UE with the capability of pre-empting scheduling grants initially granted to eMBB UEs (i.e. taking over some of the resources already allocated for eMBB for the purpose of URLLC transmissions). The feature in itself is used to grant URLLC UEs fast access to resources allowing low latency transmissions which in turn comes at the expense of eMBB UEs. The eMBB UE will see an interruption over a few OFDM symbols in its data transmission via CBG flushing out information in DCI 1_1 or Pre-emption indication in DCI 2_1. This feature relies on the URLLC UE being scheduled with Type B non-slot transmission. For PDSCH data, Type B transmissions can be scheduled with 2, 4, or 7 OFDM symbols in time domain. 

The URLLC UE that gains resources from pre-emption will be free to receive its data in the allocated resource elements. Consequently, the eMBB UE previously scheduled will experience an interruption in its transmission. Therefore, this feature does not see any demodulation impact on the URLLC scheduled UE, but rather the eMBB UE will be affected by the URLLC UE pre-empting REs. Thus, creating requirements for supporting this feature does not rely on any new demodulation requirements for the URLLC UE. 
Ensuring that UE pre-emption can be supported does in fact require RAN4 to specify new eMBB demodulation test cases which can handle URLLC UEs from “taking away” resources from the eMBB UE. Therefore, it is up to RAN4 to specify eMBB test cases where REs has been punctured in order to ensure that URLLC UEs can transmit using pre-emption. However, there is a risk that this feature will impair networks which operate with UEs using different 3GPP releases. i.e., given a Rel-15 eMBB UE does not have any demodulation requirements for operating together with a Rel-16 URLLC UE capable of receiving pre-empted data from the gNB. Therefore, in a heterogenous network, “legacy” Rel-15 NR UEs might suffer if downlink data pre-emption is employed by the network.
Observation 1: URLLC UEs using pre-emption to transmit data do not need new demodulation requirements to ensure pre-emption functionality.
Observation 2: eMBB UEs which are affected by DL pre-emption need new demodulation requirements to support URLLC data pre-emption indication from DCI format 2_1.

Observation 3: Rel-15 eMBB UE requirements do not have any performance requirements for DL data pre-emption. Therefore, if this feature is introduced, legacy Rel-15 eMBB demodulation performance cannot be guaranteed in a Release heterogenous network including pre-emption capable gNBs and UEs. 

Proposal 1: Introduce a selected number of test cases for eMBB scheduled UEs with REs punctured for the URLLC pre-empted UE. 
2.1.1 Test case proposal

For test coverage purpose there is a need to set eMBB demodulation requirements for both FDD, and TDD test cases. From a demodulation perspective, the pre-empted URLLC transmission will be of Type B, i.e., a non-slot transmission with 2, 4, or 7 contiguous OFDM symbols in time domain. Therefore, in order to support this feature, demodulation requirements for eMBB UEs with overhead defined with 2, 4, and/or 7 OFDM symbols will need to be considered for this feature. Furthermore, the pre-emption transmission interruption would not necessarily happen for every slot. Therefore, demodulation requirements can be captured where these interruptions will happen at a certain number of slots within 1 radio frame (10 ms). We also prefer not to set the fixed pre-empted URLLC UE scheduling, that is, we could set the probability of occurrence of the pre-empted URLCC traffic is [10%]. In real deployment pre-emption indication will come from DCI-format 2_1 which then will signal to the UE(s) which PRBs, and which symbols are pre-empted. Therefore, the pre-emption will only be indicated as per the latest 2_1 DCI signaling of which will be sent over the latest PDCCH.
Test cases will need to cover both FR1, and FR2 to be considered a feature fully compatible with NR as a standard. Therefore, we propose to reuse and modify three existing demodulation requirements from Rel-15 to capture Pre-emption with test cases from FR1 FDD, FR1 TDD, and one from FR2 TDD. 
Table 1 eMBB Pre-emption parameter proposal

	Parameter
	Value

	pre-emption signaling (DCI format)
	2_1

	Probability of occurrence of the pre-empted URLLC traffic
	[10]%

	Number of symbols for pre-emption overhead
	2, 7

	Number of PRBs with pre-emption overhead
	Full bandwidth and smaller allocation

	Starting OFDM symbol for pre-emption (l0)
	3

	Maximum number of HARQ transmission
	4

	Metric
	SNR to achieve 70% of the maximum throughput. 


Table 2 Test case configuration

	Test cases
	FR1 FDD
	FR1 TDD
	FR2 TDD

	Channel model
	TDLC300-100
	TDLC300-100
	TDLA30-300

	Antenna configuration
	2x2, ULA low
	2x2, ULA low
	2x2, ULA low

	FRC (modified for every 10th slot)
	R.PDSCH.1-2.1 FDD
	R.PDSCH.2-2.1 TDD
	R.PDSCH.5-2.1 TDD


Proposal 2: Capture eMBB demodulation requirements for DL pre-emption by reusing three Rel-15 test cases (FR1 FDD, FR1 TDD, and FR2 TDD) and applying additional configurations from Table 1, and Table 2.
2.2 Non-slot Type B transmission

In order to provide a robust framework for UE demodulation testing under URLLC condition we need to devise demodulation test cases for Type B scheduling. Given that non-slot-based transmission can start at any l0 value, these tests should capture a new set of demodulation requirements for that purpose. Furthermore, the test will implicitly be related to the pre-emption-based functionality test which is covered in section 2.1.  Thus, this non-slot type B transmission test should ideally reflect their counterpart test cases. 
In Table 1 we propose the baseline test setup for Type B non-slot transmission

Table 3 Parameter setup for non-slot Type B transmission

	Parameter
	Value

	Test coverage (Duplex and frequency range)
	FDD FR1, TDD FR1, TDD FR2

	Number of OFDM symbols for Type B scheduling
	2, 7

	Type B transmission Starting symbol (S)
	3

	Slots allocated with data
	1 slot per 10 slots

	Number of contiguous PRB
	Full bandwidth and/or smaller allocation


Table 4 Type B non-slot test configuration

	Test cases
	FR1 FDD
	FR1 TDD
	FR2 TDD

	Channel model
	TDLC300-100
	TDLC300-100
	TDLA30-300

	Antenna configuration
	2x2, ULA low
	2x2, ULA low
	2x2, ULA low

	MCS
	4
	4
	4

	Scheduling type
	Type B 2 and 7os 
	Type B 2 and 7os 
	Type B 2 and 7os

	Starting symbol (S)
	3
	3
	3

	Number of contiguous PRB
	Maximum transmission bandwidth and smaller allocation
	Maximum transmission bandwidth and smaller allocation
	Maximum transmission bandwidth and smaller allocation

	FRC
	TBD
	TBD
	TBD


Proposal 3: Capture new demodulation requirements for Type B non-slot transmission based on the parameters found in Table 3, and Table 4.
2.3 PDSCH processing capability 2

This feature provides an improved processing time for demodulating PDSCH data in the UE, effectively reducing the HARQ-ACK/NACK timing delay. For this capability, this would require a separate test from the existing eMBB demodulation test cases introduced in Rel-15. In Table 5, the processing time comparison between capability 1, and capability 2 can be seen. 
Table 5 PDSCH processing time capabilities
	Parameter
	Unit
	Value

	Subcarrier spacing 
	kHz
	15
	30
	120

	PDSCH Capability 1
	OFDM symbols
	8
	10
	20

	PDSCH Capability 2
	OFDM Symbols
	3
	4.5
	20


The implications of faster processing time for UE demodulation are rather obvious, i.e. retransmissions can be scheduled earlier compared to processing capability 1. To capture this feature, a new test would be needed to ensure the processing time functionality. The test would solely need to capture the improved processing capabilities. Therefore, a new demodulation test could be devised by reusing the Rel-15 eMBB test cases, changing the HARQ timing K1 values. 

Table 6 Proposed demodulation test for reuse and modification
	Test cases
	FR1 FDD
	FR1 TDD
	FR2 TDD

	38-101-4 v.15.4.0 Table
	5.2.2.1.1-4
	5.2.2.2.1-4
	7.2.2.2.1-4

	Test number
	2-1
	2-1
	2-2

	TDD UL-DL pattern
	N/A
	FR1.30-1 (7D1S2U)
	FR2.120-1 (DDDSU)

	FRC
	R.PDSCH.1-3.1 FDD
	R.PDSCH.2-3.1 TDD
	R.PDSCH.5-2.2 TDD


Proposal 4: Introduce UE demodulation test case with k1 HARQ timing value which corresponds to PDSCH processing Capability 2. Base demodulation test cases off tests from Table 6. This is applicable for both FDD and TDD and for TDD, RAN4 reuse the existing TDD UL/DL configuration.
2.4 URLLC CQI reporting requirement
In eMBB Rel-15, the CQI testing framework relies on 10% BLER as the target metric for CQI reporting. Taking into consideration the reliability part of the URLLC framework the target reliability is 1 – 10-5 error probability for CQI table 3 specified in TS38.214. In practice creating a CQI test targeting the reliability criterion for URLLC is simply not feasible, (i.e. reusing the eMBB CQI test but modifying the 10% BLER metric to 0.00001% BLER) given the long testing time. Furthermore, due to the reliability criterion of URLLC, the decision threshold for changing MCS based on CQI reporting would also need to be very conservative so that the fulfilment of the ultra-low error probability is still satisfied. 
CQI reporting requirements for ultra-reliability could be designed with a lower BLER metric in mind than the 10% target for eMBB testing. i.e., changing the metric to a lower value e.g. 1%, or 1‰ BLER. Another way of changing the metric could be to look at the throughput instead of the BLER, e.g., setting a CQI threshold at a percentage of the maximum theoretical throughput of the given MCS.  
For low latency, we agreed in RAN4#92 that the testability of delay is not feasible [2]. Therefore, introducing a CQI test for low latency does not provide any benefit to what has already been discuss in previous meetings.
Observation 4: the eMBB designed CQI tests does not satisfy the criteria needed for UEs supporting CQI table 3.

Proposal 5: New CQI definition test should be designed with either lower BLER target metric (e.g. 1%, or 1‰ BLER) or using a different metric e.g. percentage based of the maximum theoretical throughput (per MCS).
3 Conclusion

In this paper we’ve provided an overview of the candidate Rel-15 features for low latency. 
Observation 1: URLLC UEs using pre-emption to transmit data do not need new demodulation requirements to ensure pre-emption functionality.

Observation 2: eMBB UEs which are affected by DL pre-emption need new demodulation requirements to support URLLC data pre-emption indication from DCI format 2_1.

Observation 3: Rel-15 eMBB UE requirements do not have any performance requirements for DL data pre-emption. Therefore, if this feature is introduced, legacy Rel-15 eMBB demodulation performance cannot be guaranteed in a Release heterogenous network including pre-emption capable gNBs and UEs. 

Proposal 1: Introduce a selected number of test cases for eMBB scheduled UEs with REs punctured for the URLLC pre-empted UE.

Proposal 2: Capture eMBB demodulation requirements for DL pre-emption by reusing three Rel-15 test cases (FR1 FDD, FR1 TDD, and FR2 TDD) and applying additional configurations from Table 1, and Table 2.

Proposal 3: Capture new demodulation requirements for Type B non-slot transmission based on the parameters found in Table 3, and Table 4.

Proposal 4: Introduce UE demodulation test case with k1 HARQ timing value which corresponds to PDSCH processing Capability 2. Base demodulation test cases off tests from Table 6. This is applicable for both FDD and TDD and for TDD, RAN4 reuse the existing TDD UL/DL configuration.

Observation 4: the eMBB designed CQI tests does not satisfy the criteria needed for UEs supporting CQI table 3.

Proposal 5: New CQI should be designed with either lower BLER target metric (e.g. 1%, or 1‰ BLER) or using a different metric e.g. percentage based of the maximum theoretical throughput (per MCS).
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