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1 Introduction
In RAN1#86bis, there are agreements on CP length [1]:
Agreements:
· From Phase 1, physical layer design should support an extended CP

· Extended CP will be only one in given subcarrier spacing

· FFS: Exact for the services/scenarios for extended CP
Agreements:
· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  

· Using the same sub-carrier spacing with the same CP overhead

· FFS: different CP overhead
· Using different sub-carrier spacing 

· FFS: CP overhead
· NR supports both approaches by specification
For URLLC service, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL, a general URLLC reliability requirement for one transmission of a packet is 10^-5 for X bytes (e.g., 32 bytes) with a user plane latency of 1ms. As the requirements of low latency and high reliability, URLLC may need large subcarrier spacing and long CP length over long delay spread channels [2]. This contribution mainly focus on the evaluation on CP length for URLLC.
2 Discussion and Evaluation 
2.1 CP length for URLLC
URLLC is an important service introduced by NR and could be used in any of the deployment scenarios defined in [3]. URLLC is required to be supported with 1-10-5 reliability within 1ms. During previous meetings, companies show special interest into the URLLC with carrier frequencies less than 6GHz, it was claimed that lower latency with short transmission duration need to be satisfied, thus 60 kHz subcarrier spacing is proposed for URLLC [2]. The CP length scaled form the reference numerology was expected to be too short in some deployment scenarios, e.g. long delay spread, such the 60 kHz with extended CP length is also proposed for URLLC [2]. The ECP scaled from LTE has a large CP overhead, the other extended CP lengths should also be considered for evaluation. In Table 1, all CP length options with 60 kHz SCS for URLLC are listed.
Table 1 CP length options with 60 kHz for URLLC 
	
	Scaled ECP
	Other CP length options
	Scaled NCP

	SCS
	60 kHz

	Symbols/ms
	48
	49
	50
	51
	52
	53
	54
	55
	56

	CP length(us)
	4.17
	3.74
	3.33
	2.94
	2.56
	1.94
	1.85
	1.51
	1.19

	Overhead
	20%
	18.33%
	16.67%
	15%
	13.33%
	11.67%
	10%
	8.33%
	6.67%


Here we select 48, 52 symbols per ms as candidates for analysis. 
48 symbols per ms with LTE scaled ECP: A transmission unit (slot) could be created to consist of 6 symbols, 8 slots would then fit into one sub-frame to align reference numerology as illustrated below in Figure 1. Slot alignment with reference numerology and 60 kHz scaled NCP which means alignment of slot boundary may bring some benefits, e.g. simplify the GAP design for UL/DL, and reduce the switch time between different numerologies.
52 symbols per ms with ECP: A transmission unit (slot) could be created to consist of 13 symbols, 4 slots would then fit into one sub-frame to align reference numerology as illustrated below in Figure 1. Symbol 0, 13, 26, 39 as the first symbol in each slot are configured with long CP length, others are configured with short CP length as shown in Table 3 below. This option might be attractive because the low overhead for CP and RS. 
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Figure 1 Example slot structure and alignment for the CP option of 60 kHz with 48, 52 and 56 symbols
The example slot structure and CP length is shown in Table 2 and Table 3, assuming FFT size for 60 kHz symbols is 512, thus sample rate is 30720 kHz.
Table 2 Example slot structure and CP length for 60 kHz with 48 symbols
	CP length symbol 0-5 in a slot
	4.17us (128 Ts)


Table 3 Example slot structure and CP length for 60 kHz with 52 symbols
	CP length symbol 0 in a slot
	2.86 us (88 Ts)

	CP length symbol 1-12 in a slot
	2.54 us (78 Ts)


Observation 1: NR should study different CP length options of 60 kHz to down select at least one extra CP length besides the scaled NCP for URLLC.
2.2 Evaluation on CP length

In this section, we would conduct link-level simulations with the aim to evaluate the performance of 60 kHz SCS with multiple CP lengths for URLLC service with BLER lower than 10-5, assuming the latency requirement can be satisfied. The latency of URLLC transmission is directly associated with the number of transmissions and the scheduling slot duration, the latency for different CP length options are analysed in Appendix A. 
Evaluation on CP length has been discussed in the contribution [4] in the last meeting for URLLC, which utilizing fixed MCS and short delay spread channel. Simulation results in [4] show that NCP performs better. 
In our simulation assumption, the following methodology are used

· Adaptive MCS
· Both short and long delay spread channel are simulated
The detailed simulation assumption can be found in Appendix B.  The BLER with whole MCS set at a given SNR is evaluated, and the highest throughput of the MCS with BLER lower than 10-5 is illustrated in Figure 2. 
From the results (a) and (b), it can be seen that 60 kHz with 52 symbols has the similar performance with 60 kHz with 56 symbols, and little better performance than 60 kHz with 48 symbols over short delay spread channel, as the CP length of three options all can cover most channel paths and 60 kHz with 56 symbols has least overhead without considering the RS. Form the results (c) and (d), it can be seen that 60 kHz with 48 symbols and 52 symbols have better performance than 60 kHz with 56 symbols, especially for one transmission, 60 kHz with longer CP length select much higher MCS over long delay spread channel.
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                    (a) DS=300ns, One transmission                            (b) DS=300ns, Two transmissions
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        (c) DS=1000ns, One transmission                            (d) DS=1000ns, Two transmissions


Figure 2 URLLC performance with BLER lower than 10-5
Observation 2: Extended CP provides better performance in some deployment scenarios for URLLC, e.g. over long delay spread channels. 
Proposal 1: URLLC should support extended CP besides the scaled NCP, e.g. 60 kHz with 48 to 52 symbols per ms.
3 Conclusions
Observation 1: NR should study different CP length options of 60 kHz to down select at least one extra CP length besides the scaled NCP for URLLC.
Observation 2: Extended CP provides better performance in some deployment scenarios for URLLC, e.g. over long delay spread channels. 
Proposal 1: URLLC should support extended CP besides the scaled NCP, e.g. 60 kHz with 48 to 52 symbols per ms.
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Appendix A. Latency analysis for URLLC
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	HARQ n+0
	4
	4
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	HARQ n+1
	4
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	4
	2


Example 1: one TTI for frame align, queuing and scheduling, and one TTI for Tx for DL
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Example 2: one TTI for frame align, and one TTI for Tx for UL
Appendix B. Simulation Assumption
	Assumptions
	Value

	Carrier frequency
	6GHz

	Number of RB
	8RB

	MCS
	28 MCS, QPSK to 64QAM, coding rates range[0.0782, 0.889]

	Subcarrier spacing
	60kHz

	Symbols / ms
	48
	52
	56

	Slot length
	1/8
	1/4
	1/8

	Control&RS overhead
	0% 

	Tx mode
	1Tx2Rx 

	Coding 
	Turbo

	Channel Model
	TDL-C DS=300ns, 1000ns in TR38.900

	UE speed
	15km/h

	HARQ
	1Tx, 2Tx

	Channel Estimation
	Genie Channel & Genie noise

	Performance Metric
	Highest throughput with BLER lower than 10-5
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