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Introduction
Ultra-reliable and low-latency communication (URLLC) has been approved as one of the New Radio (NR) access technology study items in RAN plenary #71 in March 2016. The scenarios and requirements of the NR are described in TR 38.913 [1]. The current TR essentially covers three families of usage scenarios: enhanced Mobile Broadband (eMBB), massive Machine Type Communications (mMTC), and URLLC. 
[bookmark: _GoBack]Regarding URLLC, TR 38.913 has introduced high-level guidelines to follow, for example, the target user plane latency shall be 0.5ms for both UL/DL and various KPI’s including reliability requirements, spectrum efficiency, user experience data, 5th percentile user spectrum efficiency, and connection density. Specifically in terms of the reliability for URLLC in NR, the high-level guidelines are listed as follows:
· 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 1-10-5 for 32 bytes with a user plane latency of 1ms.
· Note that target communication range and reliability requirement is dependent of deployment and operation scenario (e.g., the average inter-vehicle speed).

In this contribution, we provide our views regarding the design of URLLC to meet the above high-level guidelines. Some initial link-level simulation results for the reliability of URLLC are also presented. 
Discussion
Single Transmission
To achieve ultra-reliable transmissions, diversity schemes, powerful error correction codes, and H-ARQ may be considered. Diversity is generally achieved by redundant transmissions through coding across for example spatial, time, or frequency domain. By exploiting a combination of coding across these domains, ultra reliable transmissions can be achieved. 
However, to achieve low latency especially for medium to large packet size (e.g. 50 bytes, 200 bytes, etc.) [2], time diversity and H-ARQ re-transmissions may not be desirable. Hence, the design of URLLC shall incorporate flexible combinations of other diversity schemes. In addition, the use of H-ARQ re-transmissions should be refrained, especially when the dynamic resource scheduling is considered for URLLC. In fact for some applications no H-ARQ re-transmissions (i.e. single transmission) may be needed. The total diversity, in this case, is therefore achieved via a combination of the higher-order spatial diversity and the frequency diversity. 
Proposal 1: Single transmission using one or more mini-slots should be studied for URLLC design.

Transmit Diversity
To maximize spatial diversity gain, given the large number of antennas envisioned for NR, it would be particularly appealing to explore more efficient transmit diversity schemes. In LTE systems, two transmit diversity schemes, known as Space Frequency Block Coding (SFBC) and Frequency Switched Transmit Diversity (FSTD) were adopted for 2 and 4 antennas. However, for FSTD since at each frequency block 2 out of 4 transmit antennas are in use, the maximum diversity order for a 4x2 system is limited to 4, while theoretically the maximum achievable diversity order for this system is 8. Motivated by the above observation, we make the following proposal:
Proposal 2: Full transmit diversity schemes supporting more than 2 transmit antennas should be studied. 
For the remainder of this section, we explore transmit diversity scheme assuming a single transmission (i.e. no H-ARQ re-transmissions) using only one OFDM symbol for URLLC transmission. Since neither time diversity nor H-ARQ re-transmissions is considered, we consider a higher order complex orthogonal design for 4 transmit antennas to maximize the spatial diversity gain, and employ higher bandwidth to accommodate channel coding with low coding rate to exploit frequency diversity. 
For 2 transmit antennas, we employ the well-known Alamouti coding to achieve spatial diversity. For more than 2 transmit antennas, we consider complex orthogonal design for 4 transmit antennas to achieve full diversity. The Alamouti coding scheme for 2 transmit antennas [3] and the complex orthogonal design for 4 transmit antennas [4] are given as follows:

To achieve frequency diversity, we may either consider a lower code-rate channel coding scheme, or apply repetitions on the coded symbols from a mother channel coding scheme. For the former case, the URLLC may need to support different code-rates. For the latter case, the URLLC may simply support only one channel coding scheme with a specific code-rate. Note that the available frequency diversity depends on several factors such as the transmission bandwidth and the coherence bandwidth of wireless channel. Applying repetition of coded symbols may be more flexible when compared to choosing among limited number of code-rates, for example, 1/3, 1/6, and 1/12 as currently proposed for link-level studies.
We consider 7 cases as shown in Table 1, with various combinations of , ,  to achieve maximum achievable diversity order from 2 to 12. Specifically, , ,  denote the number of transmit antennas, the number of receive antennas, and the number of repetitions of the complex symbols over the subcarriers in order to gain frequency diversity, respectively. The simulation assumptions are in the Appendix.
[bookmark: _Ref465629285]Table 1: Different combinations of spatial and frequency diversity for URLLC
	Case
	Number of  transmit antennas (NT)
	Number of receive antennas (NR)
	Number of repetitions in frequency      (NF)
	Maximum achievable total diversity

	1
	2
	1
	1
	2

	2
	2
	1
	2
	4

	3
	2
	2
	1
	4

	4
	2
	1
	3
	6

	5
	4
	1
	2
	8

	6
	4
	2
	1
	8

	7
	2
	2
	3
	12
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[bookmark: _Ref465605322]Figure 1: Performance comparisons of different diversity order combinations for URLLC

Link-level performance comparisons of different diversity order combinations for URLLC is shown in Figure 1. As can be seen from this figure, to meet the URLLC reliability requirement of 1-, the required SNR could be as small as dB with the combined diversity order of 12. In addition, the latency incurred is only one mini-slot with one OFDM symbol duration.

Summary
This contribution presented initial link-level simulations results for the design of NR URLLC. Some proposals are summarized as follows:
Proposal 1: Single transmission using one or more mini-slots should be studied for URLLC design.
Proposal 2: Full transmit diversity schemes supporting more than 2 transmit antennas should be studied. 

References
[1] 3GPP TR 38.913 V0.3.0 (2016-03), 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Study on Scenarios and Requirements for Next Generation Access Technologies; (Release 14)
[2] R1-163871, “WF on URLLC evaluation parameter and LLS method Huawei,” HiSilicon, Gothenburg, Sweden, Aug. 22 – Aug. 26, 2016.
[3] S. M. Alamouti, “A simple transmit diversity technique for wireless communications,” IEEE J. Sel. Areas Commun., vol. 16, no. 8, pp. 1451-1458, Oct. 1998. 
[4] V. Tarokh, H. Jafarkhani, and A. R. Calderbank, “Space-time block codes from orthogonal designs,” IEEE Trans. Inform. Theory, vol. 45, No. 5, pp. 1456-1467, Jul. 1999.
Appendix
Table 2 Simulation assumptions
	Attributes
	Values or assumptions

	Carrier Frequency
	4GHz (FDD)

	Modulation and coding rate
	QPSK
1/3 with (G_0,G_1,G_2 ) = (133,171,165)8, with tail-biting convolutional encoding and sub-block interleaver

	Transmit diversity
	Complex orthogonal design and 

	IFFT/FFT size
	2048

	PHY Packet size
	32 byte 

	SINR range
	-5dB to 20dB (per-subcarrier basis)

	Sub-carrier spacing
	60KHz

	TTI length
	17.825µs

	OFDM symbols per TTI
	1

	Channel model
	TDL-C (with delay spread 100ns) in TR38.900
UE speed is 3km/hr 

	BS antenna configuration
	2/4 for both Tx/Rx ports 

	UE antenna elements
	1/2 for both Tx/Rx ports

	ACK Feedback assumption
	No ACK feedback is used

	Channel estimation
	Ideal CHEST

	CQI feedback assumption
	No CQI feedback is used
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