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1 Introduction

In the previous meeting (RAN1#86), potentially defining multiple CP lengths is agreed as follows [1]:
· NR design should allow potentially defining multiple CP lengths for a given subcarrier spacing in Phase I or later

· Multiple CP lengths do not mean the normal CP have 2 different CP lengths in the LTE

· It should be possible to deploy NR with 60 kHz subcarrier spacing in the channel that have the same delay spread that LTE can handle with the normal CP length as one use case

· Other subcarrier spacing solution can be considered with an equal priority in the further study

· More than one CP length should be studied for a given subcarrier spacing

· The different CP lengths for a given subcarrier spacing can be of substantially different lengths 

· For 60 kHz subcarrier spacing, at least one CP length can be similar to the normal CP length of 15 kHz corresponding to LTE numerology
· Other proposals are not precluded
· Note: FFS whether all of subcarrier spacings support more than one CP length or not

· Note: FFS whether supporting more than one CP length for a given subcarrier spacing is mandatory or optional for a given UE
In this contribution, we discuss and provide our views on the CP types for above 6GHz, especially the need to define multiple CP lengths.
2 Evaluation and Discussion  
2.1 Below 40GHz band

As described in [2], ECP is needed due to long delay spread used in URLLC, SFN and UE UL synchronization scenarios. Furthermore NR should support longer CP to accommodate high-frequency contingencies such as analog beamforming switching delays and multipoint transmissions. Typically the first symbol should consist of longer CP to account for beam transition time. In SFN scenarios, at least 667ns CP length is needed to support about 200m cell radium for multiple TRP transmission.  All in all, longer CP is needed except for the scalable normal CP for high frequency.
Table 1 summarizes minimum value examples for CP length for different cases. In this example, illustrated in Figure 1, the subcarrier spacing is Δf=120kHz, the scalable normal CP length is τ=650ns [3], the beam switching delay is assumed Tbs=400ns, and the timing difference between two TRPs corresponds to a differential propagation delay corresponding to ∆d=200m plus backhaul clock timing error of △t=200ns:
CP ≥ τ + Tbs + ∆d/c + ∆t = 1917ns
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Figure 1. Illustration of the example scenario
Table 1 CP length needed for different scenarios
	
	Single-point transmission
	Multipoint transmission

	Without beam switching
	650ns
	1517ns

	With beam switching
	1050ns
	1917ns


Table 2 Numerology options for evaluations
	Option Index
	1
	2
	3
	4
	5

	Subcarrier spacing (kHz)
	60
	120
	240
	480
	960

	OFDM symbol duration (usec)
	16.67
	8.33
	4.17 
	2.08 
	1.04

	CP length (usec)
	(1.3, 1.17)
/4.17
	(0.65,0.59)
/2.08
	(0.326, 0.29)
/1.04 
	(0.163, 0.15)
/0.57 
	(0.08, 0.075)
/0.29 


In the following, link level performances are provided to evaluate normal CP (NCP) and extended CP (ECP) for 30GHz. 
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Figure 1 BLER performance of NCP and ECP
From the simulation results we can see that under the scenario CDL-C 1000ns, only 60kHz subcarrier spacing delay spread with 64*4 antenna configuration does not exceed the channel delay spread after beamforming, in which scenario ECP and NCP have the similar performance. 
However, under the same channel scenario 120kHz subcarrier spacing  has shorter CP which can not cover the channel delay spread after beamforming, so ECP has better performance that NCP. Even for 60kHz subcarrier spacing with less antenna configuration ECP has better performance than NCP due to the channel delay spread after beamforming becomes larger. 
Observation 1: Longer CP is needed for URLLC, SFN, UE UL synchronization and beam switching.
Observation 2: Multiple CP length will coexist in one subframe.
Proposal 1: NR should support ECP for 120kHz below 40GHz band.
2.2 Above 40GHz band

In [2], the simulation results of numerology for 70GHz band show that up to 960KHz subcarrier spacing is required. Note that the NCP length with overhead 6.67% for subcarrier spacing 960KHz is given by (80, 75) ns. In addition, even considering the 480KHz subcarrier spacing agreed in [1], the NCP length with overhead 6.67% is given by (163,150)ns. 
The evaluation results of the delay spread in UMi scenario is given in Table 3, where the DFT beamforming pattern is applied to the TRP and UE. Note that in O2I case, TRP and UE antenna numbers are given by the maximal numbers in single polarization as agreed in [3] to combat the high path loss (including the penetration loss). Furthermore, it has been agreed that the minimum distance between micro TRPs is between 32 and 57.9m. It can be observed that the NCP length of 960KHz subcarrier spacing cannot cover the three times of 90% delay spread [4] in UMi O2I scenario.
Table 3 Channel characteristics after beamforming 
	Scenario
	O2O/O2I
	Antenna
	50% DS

(ns)
	90% DS

(ns)
	2 * 90%

DS
	3 * 90%

DS

	
	
	TRP
	UE
	
	
	
	

	UMi-73G
	O2O
	128
	8
	<1
	0.8
	1.6
	2.4

	(ISD 50m)
	O2I
	512
	32
	<1
	36
	72
	108


Furthermore the analog beam switching delay should be considered for above 40GHz band. In [5] it is argued that 100-200ns switching time is feasible for on chip antenna array. Even for such optimistic value, 480KHz with normal CP cannot satisfy the requirements when beam switching happens, note even to mention 960KHz subcarrier spacing case. 
Observation 3: NCP length of 960KHz subcarrier spacing cannot sufficiently cover delay spread plus beam switching time in 70GHz UMi O2I scenario with ISD 50m
Proposal 2: NR should support ECP for 960kHz above 40GHz band.
3 Conclusions
We have the following two proposals:
Proposal 1: NR should support ECP for 120kHz below 40GHz band.
Proposal 2: NR should support ECP for 960kHz above 40GHz band.
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