3GPP TSG RAN WG1 Meeting #86bis

       R1-1609231
Lisbon, Portugal, 10th - 14th October 2016

Agenda item:
8.1.2.1
Source:
LG Electronics
Title:
Discussion on 60kHz CP Options
Document for:
Discussion and Decision
1 Introduction

In the previous RAN1#86 meeting, there were agreements on the numerology for new radio interface as follows [1]
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Agreements:
· 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 the previous RAN1#86 meeting, we agreed on 60 kHz subcarrier spacing numerology that can be similar to the normal CP length of 15 kHz corresponding to LTE numerology. This contribution discusses about different CP options for 60kHz subcarrier spacing and shows some evaluation results according to CP options.
2 Discussion
2.1 Different CP Options for 60kHz Subcarrier Spacing
CP length of LTE normal CP is 5.21 us for 1st OFDM symbol(OS) and 4.69 us for 2nd to 7th OSs. So, NR with 60 kHz subcarrier spacing should have roughly 4.76 us CP length to be deployed in the channel delay spread that LTE can handle with the normal CP length. Table 1 shows some CP options for 60kHz subcarrier spacing that can be considered in large delay spread channel.
Table 1. CP Options for 60kHz subcarrier spacing

	CP options
	Number of OFDM symbols in 0.25ms
	CP length
	CP overhead

	Option 1
	14
	1.30us(160samples) @1st, 8th OS
1.17us(144samples) @2nd, …, 7th, 9th, …, 14th OS
	6.7%

	Option 2
	13
	2.60us(320samples) @1st, …, 9th OS
2.47us(304samples) @10th, …, 13th OS
	13.3%

	Option 3
	12
	4.17us(512samples) @1st, …, 12th OS
	20.0%

	Option 4
	11
	6.12us(752samples) @1st, …, 6th OS
5.99us(736 samples) @ 7th, …, 11th OS
	26.7%


Option 1 has CP overhead identical to LTE normal CP. Figure 1 shows spectral efficiency of LTE normal CP for 15kHz subcarrier spacing and option 1 in Table 1 for 60kHz subcarrier spacing. In Table 2, the parameters for evaluation are illustrated. All simulation results in this subsection  follow parameters in Table 1 unless otherwise stated.
Table 2. Parameters for evaluation of CP options

	Parameters
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz, 60kHz

	Channel model
	TDL-C

	Channel delay spread (speed)
	1000ns (3km/h)

	Bandwidth for data transmission
	7.2MHz

	Link adaptation
	Fixed rank and fixed precoding
AMC with ideal feedback

	Antenna configuration
	4TX-2RX (Rank1, Rank2)
4TX-4RX (Rank4)

	Channel estimation
	Perfect channel estimation
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(a) Rank 4
Figure 1. Spectral efficiency of normal CP configuration
In Figure 1, we can observe the impact of ISI caused by large channel delay spread in 60kHz subcarrier spacing with the same CP overhead. The performance of 60kHz subcarrier spacing is degraded in high SNR (>10dB) compared to 15kHz subcarrier spacing and performance gap between two numerologies becomes larger as rank increases. This performance degradation means that insufficient CP length can cause ISI in large channel delay spread and the impairment from this ISI is severe in high SNR and high rank. As a result, CP option 1 for 60kHz subcarrier spacing that has CP overhead identical to LTE normal CP is insufficient in large delay spread (1000ns).
Observation 1: Numerology of 60kHz subcarrier spacing with LTE normal CP overhead shows significant performance degradation compared to 15kHz subcarrier with normal CP in large delay spread channel (1000ns)  as SNR or rank increases. 
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Figure 2. Spectral efficiency of different CP options for 60kHz subcarrier spacing
Figure 2 shows spectral efficiency of different CP options for 60kHz subcarrier spacing. In Figure 2, we can observe that low CP overhead can enhance spectral efficiency when SNR is low(<15dB) and rank is 1. However, large CP length is more helpful to enhance spectral efficiency when SNR is high(>15dB) and rank is equal to or larger than 2 although this large CP length causes high CP overhead. As a result, multiple CP length is supported in NR design to obtain higher spectral efficiency.
Observation 2: Low CP overhead can enhance spectral efficiency when SNR is low(<15dB) and rank is 1, while large CP length is more helpful to enhance spectral efficiency when SNR is high(>15dB) and rank is equal to or larger than 2. 
Proposal 1: Extended CP is supported in NR design to obtain higher spectral efficiency. Considering CP overhead and efficiency, 12 symbols in approximately 0.25msec is adopted for 60 kHz ECP. 
When multiple CP length is designed, time alignment between different numerologies would be considered. For example, option 3 in Table 1 and 60 kHz subcarrier spacing with LTE normal CP (Option 1) can be aligned with slot duration (0.125ms). Option 2 in Table 1 and 60 kHz subcarrier spacing with LTE normal CP (Option 1) can be aligned with subframe duration (0.25ms). And option 4 in Table 1 is same with option 2. Figure 3 shows this time alignment according to CP options. Further details for time alignment between different numerologies are discussed in our companion contributions [3]
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Figure 3. Time alignment according to CP options
Proposal 2: When multiple CP length is designed, time alignment between different numerologies would be considered.
3 Conclusion
In this contribution, we discussed about different CP options for 60kHz subcarrier spacing and some evaluation results according to CP options were shown. The proposals and observations are as follows:
Observation 1: Numerology of 60kHz subcarrier spacing with LTE normal CP overhead shows significant performance degradation compared to 15kHz subcarrier with normal CP in large delay spread channel (1000ns)  as SNR or rank increases. 
Observation 2: Low CP overhead can enhance spectral efficiency when SNR is low(<15dB) and rank is 1, while large CP length is more helpful to enhance spectral efficiency when SNR is high(>15dB) and rank is equal to or larger than 2. 
Proposal 1: Extended CP is supported in NR design to obtain higher spectral efficiency. Considering CP overhead and efficiency, 12 symbols in approximately 0.25msec is adopted for 60 kHz ECP. 
Proposal 2: When multiple CP length is designed, time alignment between different numerologies would be considered.
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