3GPP TSG-WG RAN4 Meeting #90bis
R4-1904269
Xian, China, 8 – 12 Mar, 2019

Agenda item:
6.3.2.1
Source:
Nokia, Nokia Shanghai Bell
Title:
Nominal channel spacing for CA and definition of contiguous/non-contiguous CA
Document for:
Approval
1
Introduction

Issues in nominal channel spacing for CA have been discussed in [1-3, 7-9] for four meetings. There has been no consensus so far how the issues are resolved or clarified.
We discussed this further and propose a way-forward.
2
Discussion

In E-UTRA, the nominal channel spacing for CA has been introduced to keep the multiple component carriers orthogonal to each other using an integer multiple of 300 kHz, which is the least common multiplier of channel raster 100 kHz and subcarrier spacing 15 kHz. The inner guard band of two adjacent carriers are twice as large as the guard band of smallest guard band of the two carriers [4]. This was intended to maximize the outer guard band for higher spectrum utilization while keeping a sufficient inner guard band for the coexistence of the legacy Rel-8 UEs who may not have enough selectivity for the minimum separation.
The E-UTRA formula has been extended to the NR nominal channel spacing for CA, i.e., the nominal channel spacing for CA is quantized to LCM of the channel raster and subcarrier spacing; the inner guard band of two carriers are twice as large as the guard band of smaller guard band of adjacent carriers. Thus, the nominal channel spacing is dependent on the channel bandwidth, subcarrier spacing and channel raster. Due to different guard band size in NR compared to LTE, the nominal channel spacing is not necessarily the same as LTE even for 15 kHz SCS and 100 kHz channel raster. 

The calculated nominal channel spacing for CA is found in the following table, which is taken from [1] for FR1.
	
	Nominal Channel Spacing [MHz]

	CA Combinations
	LTE
	NR with 100kHz channel raster
	NR with 15kHz channel raster

	
	
	15kHz SCS
	30kHz SCS
	60kHz SCS
	15kHz SCS
	30kHz SCS
	60kHz SCS

	5+15 MHz
	9.3
	9.6
	9.6
	n/a
	9.855
	9.84
	n/a

	5+20 MHz
	11.7
	12.0
	12.0
	n/a
	12.285
	12.18
	n/a

	10+10 MHz
	9.9
	9.9
	9.9
	9.9
	9.99
	9.99
	9.96

	10+15 MHz
	12.0
	12.3
	12.3
	12.3
	12.42
	12.48
	12.48

	10+20 MHz
	14.4
	14.7
	14.7
	14.4
	14.85
	14.85
	14.64

	15+15 MHz
	15
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0

	15+20 MHz
	17.1
	17.4
	17.1
	17.1
	17.43
	17.34
	17.16

	20+20 MHz
	19.8
	19.8
	19.8
	19.8
	19.995
	19.98
	19.98


Component carrier configurations in the NR is made through the scs-specific carrier which can be independently configured for each SCS. The configuration can be very flexible as far as the PRB grid is nested among SCS with the subcarrier alignment at the first subcarrier of the grid. The center subcarrier (channel raster) could be different among SCS since PRB allocation is not necessarily symmetric in multiple numerology, thus the channel spacing can be different among SCS. However, they are close each other and in practical scenarios, we expect that the PLL retuning is not required for multiple numerology configuration as was indicated in [1-2].
Observation 1: In practical deployment scenarios, PLL retuning is not required for multiple numerology.   

In such practical configurations, the spacing between two carriers can be nominal for one SCS, however, it may not be nominal for other SCS. This can be a bit problematic in terms of UE capability interpretation. The carrier spacing wider than the nominal channel spacing is considered non-contiguous. UE supporting only contiguous CA is not supposed to support a carrier spacing wider than the nominal spacing. For example, 15+20 MHz CA with nominal channel spacing for 15 kHz is non-contiguous for other SCS. Then such spacing would be avoided in the practical network deployment and carrier spacing narrower than nominal would be selected so that UE supporting contiguous CA can use any of supported SCS.
In conclusion, the current definition of nominal channel spacing for CA is SCS dependent, which might confuse whether CA is contiguous or non-contiguous among SCS in multiple numerology. It is recommended that this is more simplified.
Observation 2: The current definition of nominal channel spacing is confusing for the multiple numerology deployment due to different thresholds between contiguous and non-contiguous aggregation among SCS.   

This could lead to some inconveniences such as

1) Reconfigurations of channel spacing for multiple numerology UE testing

2) Misunderstanding in UE implementation and network deployment parameters
There are two possible ways forward to sort out the above issues;

Alternative 1: Redefine the nominal channel spacing such that the spacing is the same among SCS.
Alternative 2: Do not change the nominal channel spacing but redefine the contiguous CA such that the threshold between contiguous CA and non-contiguous CA is the same among SCS.
For alternative 2, a possible definition is to assume non-contiguous CA if the spacing is wider than the nominal channel spacing for non-CA multiple carrier scenarios (i.e., clause 5.4.1.1 of TS 38.101-1 and TS 38.101-2). If the spacing is the same as non-CA nominal channel spacing or smaller than that is considered contiguous. This definition is probably more intuitive than the current LTE definition because the nominal spacing is sometimes small (such as 9.3 MHz for 5+15 MHz). Further, it is beneficial to keep the same carrier spacing between non-CA and CA deployment (for example, if contiguous CA is introduced later in the network that is first deployed without CA).

For alternative 1, it is not necessary to super-optimize the nominal channel spacing per SCS in the NR. In LTE discussion, spectrum efficiency and outer guard was considered to reduce the nominal channel spacing more than non-CA spacing. This is not as critical as LTE in the NR due to wider channel bandwidth availability. A single carrier up to 100 MHz is available in FR1. For the efficient wideband operation, a single wideband channel bandwidth can be utilized rather than carrier aggregation.

Observation 3: It is not critical to optimize the nominal channel spacing in NR CA due to wider channel bandwidth availability.   

Therefore, we propose to go for Alternative 1. To simplify the definition of the nominal channel spacing for the NR, we propose the following equations for FR1 and FR2, respectively.
Proposal 1: Redefine the nominal channel spacing such that the spacing is the same among SCS in the following.

For FR1
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For FR2
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The proposed equation is applied to both 100 kHz based raster and SCS based raster such that a possible confusion of contiguous or non-contiguous CA among the bands with different channel raster can be also avoided.
The calculated examples for FR1 can be found in the following table.
	CA Combinations
	Proposed Nominal Channel Spacing
(MHz)

	5+15 MHz
	9.9

	5+20 MHz
	12.3

	10+10 MHz
	9.9

	10+15 MHz
	12.3

	10+20 MHz
	15

	15+15 MHz
	15

	15+20 MHz
	17.4

	20+20 MHz
	19.8


3
Conclusions 

In this contribution, the issues on the nominal channel spacing for multiple numerology deployment has been discussed. The following observations and proposals are made.
Observation 1: In practical deployment scenarios, PLL retuning is not required for multiple numerology.   

Observation 2: The current definition of nominal channel spacing is confusing for the multiple numerology deployment due to different thresholds between contiguous and non-contiguous aggregation among SCS.   

Observation 3: It is not critical to optimize the nominal channel spacing in NR CA due to wider channel bandwidth availability.   

Proposal 1: Redefine the nominal channel spacing such that the spacing is the same among SCS in the following.
For FR1,
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For FR2,
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