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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 RAN4#92bis, R4-1912164 contribution was submitted on URLLC prioritization for demod requirements, in this document, our view on BS URLLC selected feature requirements 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 [3], 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 [3]. 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.

[bookmark: _Hlt273345943][bookmark: _Ref178064866]Discussion
[bookmark: _Hlk23507012]Features and requirements related to high reliability
In our view, the following features improves the high reliability requirement for URLLC.

[bookmark: _Hlk22730087]PUSCH repetitions over multiple slots
PUSCH repetitions over multiple slots is a very important 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 3.2.2.
Proposal 1: The PUSCH repetitions over multiple slots is vital for URLLC’s reliability, hence the PUSCH repetitions over multiple slots requirements should be considered in RAN4.

[bookmark: _Hlk22730095][bookmark: _Hlk23508041]The new MCS index table 2 for PUSCH
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 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 PUSCH requirements.
Summarizing all above, the MCS table index 2 with lower coding rate for PUSCH improve the URLLC’s reliability especially in scenarios for macro cells. Hence RAN4 need to consider the MCS index table 2 for PUSCH. 
Proposal 2: RAN4 need to consider the MCS index table 2 for PUSCH when evaluating URLLC requirements, this feature could be tested together with PUSCH requirements.

[bookmark: _Hlk22730103]Requirements for PUCCH 
In addition to PUSCH evaluation, we recommend RAN4 to study the requirements for PUCCH. Since uplink control transmission is involved in the mechanism of triggering PDSCH retransmission, the PUCCH requirements in URLLC case might end up different than for eMBB. 
PUCCH performance relating to HARQ performance comprises 3 main aspects:

1. False DTX -> ACK misdetection
2. False NACK-> ACK misdetection
3. False ACK -> NACK misdetection


The receiver needs to carefully adjust it’s detection thresholds to trade of the error types (1) to (3) above, taking into account that the errors have different impacts.

False DTX-ACK detection is a problem in cases in which the UE has failed to decode PDCCH for a DL transmission and hence not realized that data has been transmitted and not sent ACK/NACK. Such cases result in a block error. The probability of this kind of control signalling error event depends both on the PDCCH missed detection probability and on the PUCCH DTX->ACK error probability. Currently, the DTX->ACK requirement is 1%, however it is not clear whether a 1% requirement is consistent with achieving ultra-low BLER.

False NACK->ACK detection leads to a block error. It is a problem if a UE has been unsuccessful in decoding a data block, since if the BS interprets ACK it will cease retransmissions of the block. The impact of the NACK->ACK probability depends on the number of NACKs, which depends on the target number of retransmissions. The current requirement on NACK->ACK is 0.1%; clearly for an ultra-reliable BLER the misdetection rate would need to be lower.

False ACK->NACK leads to a retransmission of a data block that the UE had in fact successfully received. Such misdetections do not cause block errors, but they unnecessarily increase resource consumption. The impact of this type of misdetection will depend on the amount of system resources being spent on URLLC.

A superficial consideration of the HARQ related signaling on PUCCH would suggest that the current requirements suffice, and with increased SNR then URLLC targets could be reached. However, that kind of analysis ignores the fact that the balance between the 3 types of ACK/NACK misdetection may shift in their relative importance, with dependency on aspects such as the PUSCH BLER, the PDCCH reliability, the HARQ operating point. If the relation between the target misdetection rates differs, then the receiver implementation in terms of detection thresholds needs to be revised, and hence the eMBB requirements are not valid.

Also, it is important to establish that the PUCCH performance is not likely to be a bottleneck. As a very first investigation, we performed simulations for PUCCH as shown in figure 1 below. In these simulations, the threshold is set very simply to achieve equal probabilities of all 3 event types. “BLER” in the figure describes an ACK->NACK or NACK->ACK misdetection. It is observed that the BLER performance for PUCCH operating at different SNR at high reliability. The PUCCH BLER for different formats at high reliability are different, also different for same PUCCH format but different number of symbols. Depending on the format, SINR can potentially be fairly large. for PUSCH, retransmissions can be used to reduce the SINR needed for achieving the PUSCH BLER target. However, there is no possibility for HARQ retransmissions in PUCCH, the PUCCH could be a bottleneck issue if performance is reachable at high SINR.  These simulations are only first simplistic ones though as of course the relative misdetection probabilities need to be established.

[image: ]
Figure 1. BLER vs SNR for PUCCH in a URLLC scenario
Of course, testing PUCCH with high confidence may be as difficult as testing PUSCH. Test times may be shortened by using short formats. Alternatively, other methods to establish performance may need to be considered.
Proposal 3: RAN4 should discuss further whether PUCCH receiver implementation is the same for URLLC and eMBB and if so, what kind of requirements can/cannot be set.

Features related to low latency
[bookmark: _Hlk22730159]UL configured grant
UL configured grant is a key enabler for URLLC service with extremely low latency. Without uplink grant free transmission, to support 1 ms packet delay budget, dynamic grant base transmission requires PDCCH resource for at least every 1 ms, 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 4: 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.
[bookmark: _Hlk22730151]Mini-slot for UL
The mini-slot feature for UL is also useful as it is for DL where the mini-slot feature is crucial to fulfill the critical latency requirements in URLLC.
Proposal 5: The mini-slot feature for UL is useful 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 PUSCH repetitions over multiple slots is vital for URLLC’s reliability, hence the PUSCH repetitions over multiple slots requirements should be considered in RAN4.
Proposal 2: RAN4 need to consider the MCS index table 2 for PUSCH when evaluating URLLC requirements, this feature could be tested together with PUSCH requirements.
Proposal 3: RAN4 should discuss further whether PUCCH receiver implementation is the same for URLLC and eMBB and if so, what kind of requirements can/cannot be set.
Proposal 4: 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.
[bookmark: _GoBack]Proposal 5: The mini-slot feature for UL is useful 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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