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Introduction
In RAN plenary #84, the revised WID Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC) was defined in [1].
The phase 2 of RAN4 work structure addressed to specify the following performance requirements based on Rel-15 URLLC functionalities [RAN4] as bellow:
· Study and specify the US/BS demodulation performance and UE CQI reporting requirements for high reliability
· The following candidate features related to high reliability should be further identified and prioritized
· PDSCH repetitions over multiple slots
· PUSCH repetitions over multiple slots
· 4-bit CQI Table 3
· MCS index table 3
· Other features are not precluded
· 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
In this document, our view on candidate features related to high reliability and low latency is provided.
Background on high reliability and low latency for URLLC
According to the technical report, Study on Scenarios and Requirements for Next Generation Access Technologies [2], the 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 1x10-5 for 32 bytes with a user plane latency of 1ms.
For eV2X, for communication availability and resilience and user plane latency of delivery of a packet of size 300 bytes, the requirements are as follows:
-	Reliability = 1-10-5, and user plane latency = 3-10 msec, for direct communication via sidelink and communication range of (e.g., a few meters)
-	Reliability = 1-10-5, and user plane latency = 3-10 msec, when the packet is relayed via BS.
Note that target communication range and reliability requirement is dependent of deployment and operation scenario (e.g., the average inter-vehicle speed).

NOTE1: Other reliability requirements may be added, if needed, e.g. for critical communications relating to high-speed train, and more detailed requirements for eV2X should refer to the SA1 requirements in 3GPP TS 22.886.

For low latency requirements and according to technical report [2]. 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.
NOTE2:	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.
For eMBB, the target for user plane latency should be 4ms for UL, and 4ms for DL.
NOTE3:	For eMBB value, the evaluation needs to consider all typical delays associated with the transfer of the data packets in an efficient way (e.g. applicable procedural delay when resources are not preallocated, averaged HARQ retransmission delay, impacts of network architecture).
When a satellite link is involved in the communication with a user equipment, the target for user plane RTT can be as high as 600ms for GEO satellite systems, up to 180ms for MEO satellite systems, and up to 50ms for LEO satellite systems.
NOTE4:	For the satellite case, the evaluation needs to consider the max RTT that is associated with the GEO satellite systems.

[bookmark: _Hlt273345943][bookmark: _Ref178064866]Discussion
Features related to high reliability
In our view, the features that improves the high reliability requirement for URLLC and their priorities are as following.
PDSCH repetitions over multiple slots
The PDSCH repetitions over multiple slots is very important for URLLC, especially when the time budget allows repetition in time domain for PDSCH transmission, this feature will improve the reliability. In addition, PDSCH repetitions over multiple slots improves the coverage and mainly for limited URLLC UE with relaxed time budget requirement that supports slots repetitions. Hence, we recommend RAN4 to study the requirements for PDSCH repetitions over multiple slots.

Proposal 1: The PDSCH repetitions over multiple slots is very important for URLLC, hence the PDSCH repetitions over multiple slots requirements should be considered in RAN4.
PUSCH repetitions over multiple slots
As presented in section 2.1.1, the slot repetition is important not only for PDSCH but also for PUSCH, consequently PUSCH repetitions over multiple slots is a very important and challenging feature for URLLC. In addition, running URLLC with PUSCH repetitions over multiple slots over grant-free, make it faster and more robust as described in 2.2.4.
Proposal 2: The PUSCH repetitions over multiple slots is challenging and vital for URLLC’s reliability, hence the PUSCH repetitions over multiple slots requirements should be considered in RAN4.

The new 4-bit CQI and MCS index table 3
The new CQI and MCS table with lower coding rate for PDSCH/PUSCH improves the URLLC’s reliability for some scenarios for macro cells. Hence RAN4 need to consider the new MCS index table 3 for macro cell scenarios.
Proposal 3: RAN4 need to consider the new MCS index table 3 for macro cell scenarios when evaluating URLLC requirements.

Requirements for PUCCH 
In addition to PUSCH evaluation, we recommend RAN4 to study the requirements for PUCCH, because the PUCCH requirements in URLLC might end up different than for eMBB. For example, the impact of mis detection of HARQ-NACK (i.e. false ACK) is more severe in URLLC as compared to eMBB, as it would cause a block error and a very low BLER is targeted.
Proposal 4: The impact of mis detection of HARQ-NACK is more severe in URLLC as compared to eMBB, the impact should be studied and possibly the PUCCH requirements should also be considered.

Requirements for PDCCH 
In addition to the shared channel requirements, the control channel should also be evaluated. Given the emphasis on reliability, ensuring that the HARQ-framework with ACK/NACK feedback works is essential to ensure the reliability criterion. In addition, the DL control resources could be the limiting factor for capacity, specifically the PDCCH resources for DL assignments and UL grants may have impacts on RAN4 requirements. Since the PDCCH does not have repetitions, maybe there is a need to consider the reliability for grants, hence RAN4 need to consider PDCCH requirements.Proposal 5: PDCCH requirements for URLLC should also be considered given the importance of fully functioning HARQ processing framework, and the PDCCH resources for DL assignments may have impacts on RAN4 requirements.

Features related to low latency
PDSCH processing capability 2
UE processing capability #2 DL: Prompt A/N feedback after PDSCH reception, hence This capability is important for latency reduction.
Proposal 6: The PDSCH processing capability 2 reduce the latency for URLLC, hence this capability needs to be considered when evaluating RAN4 requirements for URLLC.

Self-contained slot and/or non slot for DL
The self-contained slot and/or non-slot for DL a mandatory w/o signaling feature with short slot duration for less than 14 OFDM symbols, and even though that the NW need to use extra DCI resources with mini-slots, however mini-slot feature is crucial to fulfill the critical latency requirements in URLLC.
Proposal 7: The mini-slot feature is crucial to fulfill the critical latency requirements in URLLC hence this feature needs to be considered when evaluating RAN4 requirements for URLLC. 
UL grant
UL configured grant is a key enabler for URLLC service with extremely low latency. Without uplink grant free transmission, to support 1ms packet delay budget, dynamic grant base transmission requires PDCCH resource for at least every 1ms, which is much more resource consumption than configured grant, however running URLLC over grant-free, make it faster and more robust. Scheduling Request based dynamic grant scheduling wastes time domain resources, which consumes time budget and reliability and therefore not efficient for URLLC. It is not clear whether detecting grant free transmissions falls within the scope of demodulation requirements.
Proposal 8: UL configured grant is a key enabler for URLLC running URLLC over grant-free, make it faster and more robust. More consideration is needed whether detection of such transmissions falls within the scope of RAN4 demodulation requirements.


Conclusion
We kindly ask RAN4 to agree on the following proposals:
Proposal 1: The PDSCH repetitions over multiple slots is very important for URLLC, hence the PDSCH repetitions over multiple slots requirements should be considered in RAN4.
Proposal 2: The PUSCH repetitions over multiple slots is challenging and vital for URLLC’s reliability, hence the PUSCH repetitions over multiple slots requirements should be considered in RAN4.
Proposal 3: RAN4 need to consider the new MCS index table 3 for macro cell scenarios when evaluating URLLC requirements.
Proposal 4: The impact of mis detection of HARQ-NACK is more severe in URLLC as compared to eMBB, the impact should be studied and possibly the PUCCH requirements should also be considered.
Proposal 5: PDCCH requirements for URLLC should also be considered given the importance of fully functioning HARQ processing framework, and the PDCCH resources for DL assignments may have impacts on RAN4 requirements.
Proposal 6: The PDSCH processing capability 2 reduce the latency for URLLC, hence this capability needs to be considered when evaluating RAN4 requirements for URLLC.
Proposal 7: The mini-slot feature is crucial to fulfill the critical latency requirements in URLLC hence this feature needs to be considered when evaluating RAN4 requirements for URLLC.
Proposal 8: UL configured grant is a key enabler for URLLC running URLLC over grant-free, make it faster and more robust. More consideration is needed whether detection of such transmissions falls within the scope of RAN4 demodulation requirements
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