3GPP TSG RAN WG1 #101                              	                        R1- 2004004
e-Meeting, May 25th – June 5th, 2020
[bookmark: _GoBack]
Agenda Item:	8.1.1
Source:	Spreadtrum Communications
Title:	Discussion on required changes to NR using existing NR waveform
Document for:	Discussion and decision

[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494215420]Introduction
In RAN#86 meeting, the New SID Study on supporting NR from 52.6GHz to 71 GHz had been agreed [1]:
	This study item will include the following objectives:,

· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].

· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.   



[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we focus on “Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz”. Considering the required changes, we mainly discuss them from perspectives of phase noise, channel bandwidth and numerology.

Phase noise
The impact of phase noise in OFDM system
For NR system operating in the 52.6GHz to 71GHz frequency band, phase noise has become a significant factor affecting the performance of wireless communication systems. The effect of PN on OFDM-based systems is its induced common phase error (CPE) and inter-carrier interference (ICI). Next, we take figure 1 as an example and make an explanation as following:



Figure 1. phase noise in OFDM system

The time domain receiving signal of baseband can be:

Where the and are the receiving and transmitting signal respectively. The phase noise can be expressed by  and multiplied to the signal directly. And  is the white noise.
From the perspective of frequency domain, take the subcarrier as an example, the receiving signal can be:

From the formula above, we can find that each subcarrier is impacted by a common phase noise interpreted as  , and the  can be viewed as the inter-carrier interference due to the non-orthogonality by phase noise. 

PN model in high frequency
PLL-based phase model
Compared with the low frequency band, the phase noise level is higher and the time variation is faster in the high frequency band. The electronic components in the oscillator become more sensitive to the environmental factors such as temperature and noise. In this section, we utilize the PLL-based phase noise model defined in [2] to express the phase noise. The total oscillator PSD by using a PLL-based model including the impact of reference clock, loop filter noise and VCO sub-components, where inside the closed loop bandwidth, the phase noise comes from electronic components of the reference clock and PLL mainly and outside the closed loop bandwidth, the VCO is the main factor of phase noise. Thus the total PSD of the phase noise can be expressed as:

Where the PSD of each electronic components can be expressed as:


We analysis the phase noise at UE side and the value of components of the above formula are list in Table 1:
[bookmark: _Ref449539696][bookmark: _Ref449538510]Table 1. Parameters for proposed phase noise models
	
	Ref-clk
	PLL
	VCO_2
	VCO_3

	FOM
	-215
	-240
	-175
	-130

	
	inf
	1e+4
	50.3e+6
	inf

	P(mW)
	10
	20
	20
	20

	K
	2
	1
	2
	3



Multi-pole/multi-zero phase noise model
The multi-pole/multi-zero phase noise model is defined in [3], and the multi-pole/multi-zero phase noise PSD formula can be given as:
	
Where  and  are pole frequency with value and zero frequency respectively.
In this contribution, we take the value as Table 2:
Table 2. Parameters for proposed phase noise models
	
	Carrier frequency_based
(GHz)
	PSD0
(dBc/Hz)
	
(MHz)
	
(MHz)

	Value
	60
	-70
	{0.005, 0.4, 0.6}
	{0.02, 6, 10}



From [4], if there is an offset from the operating carrier frequency to the based carrier frequency, the PSD can be defined as:

The PSD shifts 20dBc/Hz per decade of the increased operating frequency to based carrier frequency.

· Comparison of two models
In this contribution, we simulate the PSD at 30GHz and 60GHz with both models as following: 
[image: ]		[image: ]
(a) PN model in [2]							(b)PN model in [3]
Figure 2. Phase noise power spectral density
Based on the simulation above, we can find that the PSD with frequency 60GHz is higher than the PSD at 30GHz. It is assumed that for the identified PSD value, the frequency offset maybe lager when the carrier frequency at 60GHz. Thus, we get the following observation:
Observation 1: The phase noise in above 52.6GHz is higher than that of 30GHz.

Channel bandwidth and numerology 
Channel bandwidth
Bandwidth larger than 400MHz per component carrier may need to be supported in above 52.6GHz. Moreover, for above 52.6GHz and up to 71GHz, there are mainly the unlicensed spectrum. In these unlicensed spectrums, 802.11ad/ay systems currently support 2.16GHz LBT bandwidth. NR unlicensed access system should also consider the similar LBT bandwidths as the candidate channel bandwidth.
Proposal 1: Study the large channel bandwidth for above 52.6GHz and up to 71GHz, e.g. 2.16GHz.

Subcarrier spacing
According to the observations mentioned above, the imperfection of the PA and the crystal oscillator is much more serious than that of lower frequency bands, and thus the phase noise in above 52.6GHz is higher than that of FR2. The higher phase noise will degrade the system performance. One simple solution is to use larger subcarrier spacing to mitigate the impact of phase noise. 
On the other hand, as mentioned above, NR unlicensed access in above 52.6GHz and up to 71GHz should also consider the channel bandwidth in multiple of 2.16GHz. These large channel bandwidths will cause the required FFT size increasing rapidly which will result in the UE complexity unaffordable. One possible solution is to use the large subcarrier spacing to reduce the required FFT size. To enlarge the subcarrier spacing, the same scaling method for subcarrier spacing in below 52.6GHz can be reused, i.e., 15 kHz x 2u, and a new set of values of u should be larger than 3. From the perspective of FFT size 4096, the 960 kHz subcarrier spacing could be a candidate to occupy the LBT bandwidth.
Proposal 2: Study the large subcarrier spacing for above 52.6GHz and up to 71GHz, e.g. 960 kHz.

CP length
Sufficient CP length is required to adapt to the delay spread. Thus, the normal CP length might not be enough in some cases, e.g. slightly large cell radius. However, the extended CP has issue of overhead which will reduce the spectrum efficiency. Therefore, whether the normal CP length or extended CP length is applied for above 52.6GHz should be studied.
Proposal 3: Study the CP length for above 52.6GHz and up to 71GHz.

Impact to physical signal/channel
With the change of the channel bandwidth and the numerology, the impact to physical signal/channel should be studied. First of all, the larger subcarrier spacing will cause the smaller symbol duration, e.g., symbol duration will be less than 2 micro second for 960 kHz subcarrier spacing. Hence, the time line may be reconsidered, e.g.  BWP and beam switching times, HARQ scheduling, UE processing, preparation and computation times for PDSCH, PUSCH/SRS and CSI. Secondly, SS/PBCH block with the larger subcarrier spacing should also be studied. Thirdly, PT-RS to further mitigate the impact of phase noise can be considered to be enhanced.
Proposal 4: Study the impact of channel bandwidth and numerology to physical signal/channel, e.g. the time line, SS/PBCH block and PT-RS.

Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK40]In this contribution, we have discussed the phase noise, subcarrier spacing, bandwidth and SSB for above 52.6GHz, and achieved the following proposals.
Observation 1: The phase noise in above 52.6GHz is higher than that of 30GHz.
Proposal 1: Study the large channel bandwidth for above 52.6GHz and up to 71GHz, e.g. 2.16GHz.
Proposal 2: Study the large subcarrier spacing for above 52.6GHz and up to 71GHz, e.g. 960 kHz.
Proposal 3: Study the CP length for above 52.6GHz and up to 71GHz.
Proposal 4: Study the impact of channel bandwidth and numerology to physical signal/channel, e.g. the time line, SS/PBCH block and PT-RS.
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