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1 Introduction

To meet the ultra-low latency requirements of URLLC use case, some potential processing reduction methods have been proposed during the RAN1 #86 meeting as following:

· Frequency-first and time-second mapping

· Code block segmentation that facilitates symbol-by-symbol processing

· Reduce symbol durations

· DL assignment and UL grant before and/or at the beginning of its scheduled data duration

· TBS restriction

· Timing advanced restriction

· Channel coding

· Front loaded RS mapping for control channel

· Grant free transmission
In this contribution, we first give our analysis on processing time for URLLC. Then we give our opinions on these methods proposed in RAN1#86. 
2 Discussion on processing time 
2.1 Latency requirements
Three usage scenarios will be included in the NR, which makes requirements and technologies more complicated in NR than before. As for latency requirements, 3GPP have identified different latency requirements for URLLC, eMBB and eMTC [1]. For URLLC, the target for user plan latency should be 0.5ms for both UL and DL. While for eMBB, the target for user plan latency is 4ms for both UL and DL. For infrequent application layer small packet/message transfer, the latency shall be no worse than 10 seconds on the uplink for a 20 byte application packet measured at the maximum MCL (164dB). 

Furthermore, these parameters are more correlated than before. For example, the reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms. For eV2X, the reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of [2] ms when the packet is relayed via BS. A more critical requirements target for eHealth use case has been in the TR38.913 V0.3.0 [2] and removed in the TR38.913 V0.4.0 [1]. 
In summary, the latency requirements in NR are divers. It is not an isolated parameter. It is more related to the use case. There is a possibility that latency and other KPIs, such as reliability, coverage, data rate etc. will together define the requirements for specific use case. Until now, most of the parameters not clear defined. 
During RAN1 #86, companies proposed several methods to reduce the processing time. These methods may reduce the processing time with the loss of performance because those methods may not get the time diversity gain. For URLLC use case, latency is critical. It is acceptable to get the latency reduction with some pains. While eMBB and eMTC use cases have different KPIs. So the processing time reduction methods with higher performance loss can be used only for some URLLC use cases. 

Proposal 1: NR should evaluate the potential performance loss due to applying the processing time reduction methods and identify the use case of these methods. 
2.2 Processing time for HARQ
The processing time for DL HARQ includes DL reception delay, UL transmission delay, RX to TX switching time and TX ramp on time. To reduce the processing time, parallel processing is necessary. For IEEE 802.11 based on OFDM, the inter frame space between successive reception and transmission is no more than16us for sub-6GHz [3] and 3us for mmWave [4]. Preamble and Signalling at the front of ACK/NACK leaves more processing time for actually ACK/NACK transmission. At least NR UE for URLLC use case could have the capability no less than 802.11ac and 802.11ad. 
Compared to LTE, IEEE 802.11 has some features good for latency reduction. The RS for channel estimation and the DCI are transmitted before the data. There is no blind decoding for DCI. The TB size, codeword block size and FFT size are all smaller than LTE. These can be used as a reference for the NR design target for URLLC.
3 Discussion on processing time reducing methods
The potential processing time reduction methods proposed in RAN1 #86 can be categorized to two categories, methods to reduce the decoding time and methods to reduce the demodulation time as following, 
· Reducing the decoding time
· Frequency-first and time-second mapping

· Code block segmentation that facilitates symbol-by-symbol processing
· TBS restriction
· Channel coding
· Reducing the demodulation time
· Reduce symbol durations
· DL assignment and UL grant before and/or at the beginning of its scheduled data duration
· Front loaded RS mapping for control channel
· Grant free transmission
The value of timing advanced depends on the cell deployment, which cannot be reduced as expected. So we will not discuss this mean in this document. 

3.1  Decoding time reduction 
With the smaller block size, UE can decode the block fast. The maximum information block size is 1620 in IEEE 802.11ac and 546 in 802.11ad. The maximum codeword block size is 1944 and 672. It is possible to reduce the block size for URLLC for fast processing. On the other hand, the small block size will cause the performance loss. The reliability performance for URLLC is normally very high. The BLER target per single transmission may be higher than eMBB. For this reason, larger block size may be preferred. The tradeoff between the performance and the latency should be considered carefully when selecting the channel coding mechanism and block size. RAN1 should evaluate the time saving gain and performance loss of smaller block size. 

Frequency-first and time-second mapping enables the possibility of symbol-by-symbol decoding. The schedule interval of URLLC is normally so small that channel state is flat during the schedule interval, time-first and frequency-second mapping has no gain. So frequency-first and time-second mapping can be used for URLLC.

For some use cases, the packet size is small, it is not necessary to use code segment. For example, the packet size is 20byte for eV2X. If the frequency resource granted to URLLC is small, code block segmentation to facilitate symbol-by-symbol makes the block size too small. Furthermore, if the maximum codeword block size is reduced, the segmentation is in its natural. It is not necessary to introduce the additional code block segmentation. RAN1 should define the block size for URLLC first then decide whether to use the code segment to facilitate symbol-by-symbol processing.
3.2 Demodulation time reduction
What we said demodulation time includes time to get DCI and time for channel estimation. Reducing the symbol durations can reduce the processing time. It is related the numerologies for each typical URLLC use case. 
On the other hand, from frame structure perspective, the GP is typically an integer number of symbol. Considering the inverse proportion between OFDM symbol duration and subcarrier spacing, it is preferred to use larger subcarrier spacing in URLLC, such as 60KHz in sub 6GHz bands and 480/960KHz in high frequency, in order to reduce the time waste for the integer [5].
DL assignment at the beginning of its scheduled data duration can reduce the waiting time for DCI and let UE begins demodulation operation early. On the other hand, if the schedule interval is large, DL assignment spreading the schedule interval may get the time diversity gain. Furthermore, the related RS for data demodulation is also preferred to be transmitted at the beginning of data region, which can perform fast RS channel estimation and data demodulation. 
4 Conclusions
This contribution gives our views on processing time and gives the following proposal for RAN1 decision:
Proposal 1: NR should evaluate the potential performance loss due to applying the processing time reduction methods and identify the use case of these methods.
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