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1. Introduction
In this contribution, we provide our views on testability for URLLC performance requirements.
2. Reliability and latency requirements for URLLC
We firstly summarize the service requirement of Rel-15/16 URLLC, which has been defined/studied in 3GPP. In the initial phase of Rel-15 NR, the deployment scenarios and KPI of NR services (eMBB, URLLC, mMTC) were discussed, and it was summarized in TR38.913. In this TR, reliability and latency requirements of URLLC ware defined as follows:
	· User plane latency
The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.
For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.
NOTE1: The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.
· Reliability
Reliability can be evaluated by the success probability of transmitting X bytes within a certain delay, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).
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.


RAN1 specified Rel-15 URLLC features to enable above reliability and latency requirements. In Rel-16 NR, furthermore, SA1 studied the service requirements for applications in vertical domains in Rel-16 SI (it is summarized in TR22.804 and specified in TS22.104). For instance, 99.9999% reliability with 2ms end-to-end latency is defined as the requirement for factory automation service. Based on above new use cases and requirements in SA, RAN1 studied the candidate technologies to enhance Rel-15 URLLC technologies for some typical use cases (it is summarized in TR38.824). In this SI, RAN1 also defined “air-interface latency” instead of end-to-end latency to focus on PHY layer latency. In factory automation service, for example, air-interface latency is defined as 1ms, while end-to-end latency is 2ms as follows. Note that air-interface latency would be considered as PHY layer latency including HARQ retransmission delay.
Table 1. Service requirement for factory automation service defined in Rel-16 URLLC SI (RAN1)
	Use case
	Reliability (%)
	Latency
	Data packet size and traffic model
	Description

	Factory automation

	99.9999
	2 ms (end to end latency)
Note: 1 ms air interface latency
	DL & UL:
32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms
	Motion control



3. Summary of URLLC features
In this section, we roughly summarize the URLLC features specified in Rel-15 NR WI, and describe the candidate technologies to be specified in Rel-16 URLLC WI. For improving reliability and latency performance, various features are introduced in Rel-15 URLLC targeting for Rel-15 URLLC requirements mentioned in the previous section. In the following, we summarize the URLLC features specified in Rel-15 NR specifications.
Table 2. Overview of Rel-15 URLLC features
	UE feature
	High reliability
	Low latency
	Summary of feature 
	Index in TR38.822
	Mandatorily 

	New MCS table
	✓
	
	New MCS table with lower coding rate for PDSCH/PUSCH
(CR = 0.03 at minimum) 
	5-34, 34a (34b, 34c)
	Optional

	PDCP duplication
	✓
	
	The same PDCP packets are transmitted via different CCs
	1-6
	Optional

	PDSCH repetition
	✓
	
	PDSCH repetition over multiple slots 
	5-17
	Mandatory w/ signaling

	PUSCH repetition with dynamic or configured grant
	✓
	✓
(if grant-free)
	PUSCH repetition over multiple slots.
Both UL grant-based and grant-free repetitions are supported.
	5-14, 17, 17a
	Optional

	Non slot
(Mini-slot)
	
	✓
	Short slot duration (<14 OFDM symbols)
	5-1
	Mandatory
w/o signaling

	UE processing capability #2
	
	✓
	DL: Prompt A/N feedback after PDSCH reception
UL: Prompt PUSCH transmission after UL grant reception 
	5-5a, 5b, 5c
	Optional

	Configured grant
(Grant-free uplink)
	
	✓
	UL grant-free transmission of uplink signals (PUSCH/BSR) in reserved UL resources (semi-statically or semi-persistently)
	5-19, 20
	Optional

	Pre-emption indication for DL 
	
	(✓)
	eMBB packet puncturing for urgent URLLC packet (only inter-UE case)
 Puncturing indication for eMBB UE 
	5-21
	Optional



In Rel-16 URLLC WI, further improvements are discussed in RAN1 targeting for some specific usage cases summarized in TR38.824/TR22.804, In the following, we just listed the current candidates of Rel-16 URLLC features.
· Mini-slot based Repetitions for PUSCH for further reliability
· Rel.15 supports slot based repetitions for both PDSCH and PUSCH.
· Rel.16 will support mini-slot based repetitions for PUSCH per CC
· Repetitions over multi-TRP for further reliability
· Rel.16 supports physical layer diversity mechanism for reliability: repetitions over multiple TRPs
· Multiple grant-free uplink configurations for latency
· Rel.15 supports single configured grant (grant free) configuration per bandwidth part per carrier
· Rel.16 will support multiple configured grant configurations per bandwidth part per carrier
· Intra-/Inter-UE multiplexing for latency
· Rel.15 specifies DL inter-UE multiplexing mechanism: interrupted Tx (a.k.a DL preemption)
· Rel.16 will specify UL intra-UE/inter-UE UL multiplexing and DL intra-UE multiplexing mechanism
3. Discussion on testability 
Target reliability and latency
First of all, it is highly important to have common understanding and clear definition of “target reliability” and “target reliability” for RAN4 testability study and the specification of performance requirement. In Rel-15 URLLC, the requirements are 0.5ms of U-plane latency and 99.999% reliability with 1ms of U-plane latency. The meaning of reliability here seems very clear, but the definition of “U-plane latency” should be further clarified. Our understanding is that U-plane latency is defined as the latency between SDAP layer-to-SDAP layer as follows.
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Figure 1. U-plane latency for URLLC
If we consider that above U-plane latency is target latency in the RAN4 requirement, the typical processing delays in MAC, RLC, PDCP and SDAP layers should be studied and defined in both transmitter and receiver side. However, the value would be up to UE/BS implementation and it would be challenging to decide one typical value. To avoid such complicated work, RAN4 can consider air-interface-latency defined in RAN1 SI. With this definition, we can focus on the PHY layer latency including HARQ retransmission delay in the specification process. 
For reliability, on the other side, the value of target reliability is very clear for Rel-15 URLLC (99.999% successful rate including HARQ retransmission), but it would be unclear for Rel-16 URLLC, since the huge number of use cases and various values are specified in SA1. The stage-3 specifications of Rel-16 URLLC is still under discussion, but for the upcoming Rel-16 performance part, it is beneficial to consider the target reliability and its test methodology from the beginning.
Proposal 1: 
· Study and define clear target latency for Rel-15/16 URLLC performance requirements in RAN4.
· “Air-interface latency” including HARQ re-transmission delay is a candidate definition of target latency to focus on PHY layer latency.

Proposal 2: 
· 99.999% is target reliability for Rel-15 URLLC performance requirements.
· Study and define clear target reliability for Rel-16 URLLC performance requirements, e.g. highest reliability such as 99.9999% in RAN1 SI or 99.99999 % in SA1 SI.

Test methodology for reliability 
For the verification of very high reliability such as 99.999%, RAN4 should investigate how many slots are needed to obtain enough confidence result with certain confidence level for 99.999% successful rate under test condition. For receiver performance requirements in downlink, generally RAN4 defines only test cases and its requirements and RAN5 defines conformance testing procedure. In the Annex of the RAN5 specification (G.2, G.4, G.X of TS36.521-1 / H.2 of TS38.521-1), the statistical testing of receiver characteristics is defined. Thus, for the test methodology for ultra-reliable performance, the methodology can be updated with certain error ratio (ER), such as ER = 1- target reliability = 0.001. After that, the testing time can be evaluated to have enough confidence results.
Proposal 3: Update statistical testing methodology in RAN5 specification for target reliability, e.g. 99.999%, and evaluate required testing time for URLLC. 
Test methodology for latency
For downlink and uplink with dynamic scheduling grant, we consider that there is no testing issue for latency since the transmission and reception timing can be fully controlled by gNB/TE side, and such timing (e.g. K0, K1 and K2) can be designed in test condition to satisfy the target latency. On the other side, further investigation is needed for the test methodology of configured grant uplink, which is promising technology to reduce the latency. For configured grant, UE can autonomously transmit URLLC date in “reserved resources” without scheduling request and dynamic uplink grant to reduce the latency as shown below figure.
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Figure 2. Difference of dynamic and configured uplink grant
There are two kind of configured uplink grant schemes, which are type 1 and type 2. Type 2 is almost the same as LTE SPS with dynamic activation/deactivation, and type 1 is more simplified scheme without dynamic activation/deactivation, i.e., only RRC configuration can be used for activation/deactivation. In both schemes, some of uplink resources are reserved for suddenly arrived URLLC packet using higher layer configuration ConfiguredGrantConfig IE in TS38.331. From this IE, the following periodicity can be configured and we can see that 2 OFDM symbols is minimum periodicity of the configured grant for all subcarrier spacing. 
	periodicity
Periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5.8.2).
The following periodicities are supported depending on the configured subcarrier spacing [symbols]:
15 kHz:					2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}
30 kHz:					2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280}
60 kHz with normal CP:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
60 kHz with ECP:		2, 6, n*12, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
120 kHz:					2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}



Thus, UE can transmit UL packet every 2 OFDM symbols without dynamic uplink grant. In such resources, gNB/TE shall blindly detect whether the URLLC packet is transmitted or not. It would be challenging to blindly detect quite large transport block size (TBS) at minimum periodicity, i.e. 2 OFDM symbols, and there would be a trade-off between configurable TBS and the periodicity from BS baseband capability perspective. 
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Figure 3. minimum periodicity of configured uplink grant
Proposal 4: For configured uplink grant, investigate trade-off between configurable transport block sizes and periodicity of configured grant resources from the view point of blind detection capability at BS side.
4. Conclusion
In this contribution, we provide our views on testability for URLLC performance requirements. Our proposals are summarized below.
For target reliability and latency in RAN4 URLLC requirements:
Proposal 1: 
· Study and define clear target latency for Rel-15/16 URLLC performance requirements in RAN4.
· “Air-interface latency” including HARQ re-transmission delay is a candidate definition of target latency to focus on PHY layer latency.

Proposal 2: 
· 99.999% is target reliability for Rel-15 URLLC performance requirements.
· Study and define clear target reliability for Rel-16 URLLC performance requirements, e.g. highest reliability such as 99.9999% in RAN1 SI or 99.99999 % in SA1 SI.

For test methodology for reliability:
Proposal 3: Update statistical testing methodology in RAN5 specification for target reliability, e.g. 99.999%, and evaluate required testing time for URLLC. 

For test methodology for latency:
Proposal 4: For configured uplink grant, investigate trade-off between configurable transport block sizes and periodicity of configured grant from the view point of blind detection capability at BS side.
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