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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
[bookmark: _Toc446354188]In the TR38.913 [1], some KPIs are provided for the URLLC traffic, which will be taken into account for the design of the NR TDD/FDD frame structure. These KPIs include user plane latency and reliability, which are shown below:
7.5	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.
[bookmark: _Toc446354192]7.9	Reliability
Reliability can be evaluated by the success probability of transmitting X bytes NOTE1 within 1 ms, 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).
The target for reliability should be 1-10-5 within 1ms.
NOTE1: Specific value for X is FFS
Moreover, deployment scenarios are also related with the frame structure. In the TR38.913, many deployment scenarios have been given out for eMMB, but it is still to be concluded in which deployment scenarios the URLLC traffic need be considered. However, we can assume most of the scenarios may be multiplexed with both eMBB and URLLC traffic.
2. Consideration about URLLC
1. 
1. 
2. 
The TDD/FDD SDF for URLLC
In the NR system, TDD Scheduling Frames (SDFs) [3] can be designed in a self-contained way in order to reduce the HARQ RTT, given in Figure 1. According to the requirement for user plane latency in the TR38.913, the average latency for the URLLC without high reliability requirement is 0.5 ms for DL and UL, then the length of TDD Scheduling Frames (SDFs) should be about 500us.


Figure 1 TDD Scheduling Frames for NR
For FDD, the fast ACK/NACK response in the uplink is used for the downlink transmission, as upper part of Figure 2. Considering the timing offset for propagation (including fronthaul) and decoding, it will be resent in n+2 of downlink SDF in case of NACK, where n is the SDF for the first downlink transmission. Because the average latency for the URLLC without high reliability requirement is 0.5 ms for DL and UL, the length of FDD Scheduling Frames (SDFs) should be about 250us 


Figure 2 HARQ responses for the FDD, timing offset and timing Advanced
However, the lower part of Figure 2 shows that the Downlink data in earlier symbols of Scheduling Frame can be feed back with A/N in same no. of SDF. This can allow retransmission in n+1. Note this may need UE send occupation signal in the last part of SDF and reduce the available resource per SDF for URLLC [2].  So, we only consider the worst case without occupation signal and retransmission in n+2 for FDD.
Moreover, the target for reliability of URLLC is 1-10-5 within 1ms. For high reliability requirement, the error probability for each downlink transmission is 1% may be more reasonable. Then, it needs at least 2 times retransmission within 1 ms to satisfy the target. It means that the SDF length should be smaller than 333 us for TDD and 167 us for FDD.
It is agreed to define a set of numerology by scaling a basic numerology. To support URLLC, numerology will include wider subcarrier spacing and shorter symbol/CP length. However, shorter CP may not some deployment scenario. We should reduce number of symbols per SDF first.
Proposal 1: To meet the requirements for URLLC traffic as defined in [1], minimum length of the TDD/FDD SDF needs to be in the range of 100~200us. 
Fronthaul affecting URLLC and the design of TDD SDF
A self-contained SDF with GP is assumed for TDD to reduce the HARQ RTT. The length of the GP is composed of at least the following parts: 
· The propagation delay within the cell radius
· The fronthaul delay when splitting the RAN architecture, e.g. the CPRI delay
· Switching between UE receiver and the UE transmitter or between the BS receiver and BS transmitter
· The decoding/demodulating time

It is pointed out that different options and flexibility for splitting the RAN architecture shall be allowed in the TR38.913. If the MAC entity including the HARQ entity lies in the central unit, the fronthaul delay will increase the GP length.


Figure 3 RAN split architecture
Observation 1: For URLLC, ideal fronthaul will reduce significant amount of GP overhead.
Observation 2: Fronthaul delay will increase GP length if the MAC entity lies in the central unit in the split RAN architecture.
Transmission scheme for URLLC in the different RAN architectures 
According to the TR38.913, the target for reliability should be 1-10-5 within 1ms for URLLC. For the RAN functional split that MAC entity including the HARQ entity lies in the distributed unit or no RAN split, the fronthaul is not considered in the GP. Therefore, a small GP is achievable. Then, GP overhead is low in the TDD SDF. Base station can decide whether the downlink retransmission is executed according to the fast ACK/NACK feedback in each SDF, given out in the Figure 4.


Figure 4 Retransmission based on the fast ACK/NACK feedback, small GP
For the RAN functional split that the MAC entity including the HARQ entity lies in the central unit, the fronthaul delay will be included in the GP. To get the possibility for low OPEX and flexible deployment, a long fronthaul delay should also be considered in the NR protocol design. Then, the GP overhead will be much significant to the short self-contained TDD SDF. In this case, to reduce the GP overhead, two short URLLC SDFs can be aggregated into a long SDF, just as in the figure 5. For URLLC, automatic retransmission with different redundancy version can be executed independently to the fast ACK/NACK feedback in the aggregated SDF. This is to meet latency requirement, with cost of more resources. UE decodes/demodulates each transmission with combination of previous version, until successfully decoding. The fast ACK/NACK behind the GP is according the current result.


Figure 5 Automatic retransmission independent of fast ACK/NACK feedback
Proposal 2: Automatic retransmission independent of fast ACK/NACK feedback can be used for URLLC.
Performance requirement of different channels for URLLC
For LTE system, HARQ feedback detection performance are required as: P(ACK<NACK)=0.01%, P(ACK<DTX)=1%. In the NR, to meet the reliability target of 1-10-5 within 1ms for URLLC, the error probability for each downlink data channel transmission is 1% and a few retransmissions are needed. The target of P(ACK<NACK)=0.01%  can be kept unchanged.  
The target of the average probability of a missed downlink scheduling grant is 1% for LTE. The target of P(ACK<DTX) for HARQ feedback is also setting 1%, then it may not meet the reliability target of 1-10-5 within 1ms. Thus, In NR, the target of the average probability of a missed downlink scheduling grant and the requirement of P(ACK<DTX) for HARQ feedback need be reconsidered.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]However, the target of average probability of a missed downlink scheduling grant cannot be too low. 0.1% could be reasonable. Then, the target of P(ACK<DTX) for HARQ feedback can also be set to 0.1%, which will composed to a total value to meet the requirement of NR URLLC. 
Proposal 3: For NR URLLC, the requirements for HARQ feedback detection performance and the average probability of a missed downlink scheduling grant need be around 0.1%. The down link data should be lower than 1% for BLER. NR channel design should take it into account. 
Channel coding
To reduce the GP overhead as much as possible, the decoding time have to be extremely small. Moreover, to meet the reliability requirement of 1-10-5 within 1ms, the initial transmission BLER for a URLLC operation should be lower than 1%. This means low coding rate for the operating point. A new encoding scheme should be optimized to that low coding rate, instead of relying on repetition coding. Compared with Turbo, which is used in the LTE specification, LDPC has a lower error floor to meet the requirement of reliability and shorter decoding time for quick HARQ response. It could be a better choice for URLLC in the NR.
Proposal 4: The channel coding for URLLC should meet the reliability requirement of 1-10-5 within 1 ms and have very low decoding time.
3. Conclusion
Based on the analysis given above, we have the following observations and proposals:
Observation 1: For URLLC, ideal fronthaul will reduce significant amount of GP overhead.
Observation 2: Fronthaul delay will increase GP length if the MAC entity lies in the central unit in the split RAN architecture.
Proposal 1: To meet the requirements for URLLC traffic as defined in [1], minimum length of the TDD/FDD SDF needs to be in the range of 100~200us.
Proposal 2: Automatic retransmission independent of fast ACK/NACK feedback can be used for URLLC.
Proposal 3: For NR URLLC, the requirements for HARQ feedback detection performance and the average probability of a missed downlink scheduling grant need be around 0.1%. The down link data should be lower than 1% for BLER. NR channel design should take it into account.
Proposal 4: The channel coding for URLLC should meet the reliability requirement of 1-10-5 within 1 ms and have very low decoding time.
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