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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].
	Phase 2:

Specify the following performance requirements based on Rel-15 URLLC functionalities [RAN4]
· Investigate and specify the RLM test cases 
· 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

Specify the following performance requirements based on Rel-16 URLLC functionalities [RAN4]
· Base station demodulation performance requirements
· UE demodulation performance requirements
· [bookmark: OLE_LINK4]Base station conformance testing 




In this document, our view on candidate UE features related to high reliability and low latency is provided. In our previous paper we’ve summarized the background on high reliability and low latency. [2] 

[bookmark: _Hlt273345943][bookmark: _Ref178064866]Discussion
Features and requirements related to high reliability
[bookmark: _Hlk22730079]PDSCH repetitions over multiple slots
PDSCH repetitions over multiple slots improves the coverage and mainly for limited URLLC UE with relaxed time budget requirement that supports slots repetitions. 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. 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.

Requirements for PDCCH 
Since every dynamically scheduled transmission is accompanied with grant (UL) or assignment (DL), the downlink control channel should also be evaluated. Moreover, activation of configured grant Type 2 and DL SPS is also relying on PDCCH. Given the emphasis on reliability, to ensure the PUSCH reception performance we need to ensure that the HARQ-framework with ACK/NACK feedback works which is essential for 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 2: 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.
[bookmark: _Hlk22730095]The new 4-bit CQI table index 3
Due to different steepness of BLER waterfall curve depending on fading and LDPC decoder implementation, a UE should be able to help scheduler making a right choice of MCS when target BLER for transmission in radio is much less than 10%. For this purpose, a CQI table 3 has been added in standard to report CQI for target BLER 10-5. Support of this table seem to be crucial for extreme latency target scenarios when very low residual BLER must be achieved in one or couple of transmissions.
Hence, RAN4 need to consider the low BLER CQI table to improve URLLC’s reliability.
Proposal 3: RAN4 need to consider the CQI table index 3 when evaluating URLLC requirements.

[bookmark: _Hlk23508041]The new MCS index table 3 for PDSCH
Because of high reliability requirement of URLLC, MCSs with low modulation and code rates are most relevant. A new low spectral efficiency MCS tables for UL and DL were constructed based on the regular tables for UE supporting only up to 64QAM, these tables for example considers only a subset of the entries up to 64 QAM and 2/3 code rate. Moreover, it is important that code rate of the lowest MCS is sufficiently low to achieve reliability target with a single-shot transmission on a cell edge. The low spectral efficiency MCS tables contain new MCSs with lower code rate than the lowest one in the regular 64QAM MCS tables. It is worth to mention that during Rel-15 those Low SE MCS tables were designed specifically for critical traffic i.e. URLLC. Support of this table seem to be crucial for extreme latency target scenarios when very low residual BLER has to be achieved in one or couple of transmissions. This feature could also be tested together with PDSCH requirements.
Summarizing all above, the MCS tables with lower coding rate for PDSCH improve the URLLC’s reliability especially in scenarios for macro cells. Hence RAN4 need to consider the MCS index table 3 for PDSCH. 
Proposal 4: RAN4 need to consider the MCS index table 3 for PDSCH when evaluating URLLC requirements this feature could be tested together with PDSCH 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 5: The PDSCH processing capability 2 reduce the latency for URLLC, hence this capability needs to be considered when evaluating RAN4 requirements for URLLC.


[bookmark: _Hlk22730151]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 6: 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. 

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: 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 3: RAN4 need to consider the CQI table index 3 when evaluating URLLC requirements.
Proposal 4: RAN4 need to consider the MCS index table 3 for PDSCH when evaluating URLLC requirements this feature could be tested together with PDSCH requirements.
Proposal 5: The PDSCH processing capability 2 reduce the latency for URLLC, hence this capability needs to be considered when evaluating RAN4 requirements for URLLC.
Proposal 6: 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.
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