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Introduction

During the past RAN4 meeting, lots of the NR CA combinations including 2DL/1UL and 2DL/2UL were introduced [1], and from the RAN4 work plan, the next top priority is to guarantee standalone NR CA (i.e. SA mode) to be frozen in Jun, 2018.

In this contribution, we give some consideration on the introduction of CA/multi-carrier related terminology to NR specification.
Discussion

During the previous discussion in RAN4 meeting, the RF requirements were discussed with the consideration on the CA/multi-carrier operation, including intra-band contiguous CA, intra-band non-contiguous CA and inter-band non-contiguous CA, and these RF requirements were introduced into NR specification. 
We take TS38.104 specification for example. The conduct requirements includes BS type 1-C/1-H, where the RF requirements for BS type 1-C were refer to TS36.104, and the RF requirements for BS type 1-H were refer to AAS specification, where basically also refer to single RAT specification.  

Table 1 summarize the status/description related to CA/multi-carrier operation in TS38.104. Here we only list the conductive sections, which are BS type 1-C/1-O conductive RF requirement. For BS type 1-O RF requirement, the requirements are mainly base on the conductive requirements.  

Table 1. status/description related to CA/multi-carrier operation in TS38.104.

	Section (Only conductive section)
	Status/Description  in TS38.104

	1~3  Definitions, symbols and abbreviations
	No description related to CA/multi-carrier operation

	4.7  Requirements for contiguous and non-contiguous spectrum
	Already capture the description related to CA/multi-carrier operation

	5
Operating bands and channel arrangement

	5.3
BS channel bandwidth


	No description related to CA/multi-carrier operation

	5.4
 Channel arrangement


	The channel spacing for intra-band contiguous CA have already been captured

	6.3.3 
Total power dynamic range

	Already capture the description related to CA/multi-carrier operation, i.e. The minimum requirements for BS type 1-C and BS type 1-H are defined for each NR carrier

	6.4.1
   Transmitter OFF power


	Only capture the description for single carrier 

	6.5.1 
Frequency error

	Already capture the description related to CA/multi-carrier operation, i.e. The minimum requirements for BS type 1-C and BS type 1-H are defined for each NR carrier

	6.5.2   Modulation quality
	Already capture the description related to CA/multi-carrier operation, i.e. The minimum requirements for BS type 1-C and BS type 1-H are defined for each NR carrier

	6.5.3   Time alignment error
	Already capture the description related to CA operation, , i.e. including the requirements for intra-band contiguous/non-contiguous CA, inter-band CA for BS type 1-C and BS type 1-H

	6.6   Unwanted emission

	6.6.2  Occupied bandwidth
	Only capture the description for single carrier

	6.6.3  ACLR
	Already capture the description related to CA/multi-carrier operation

	6.6.4   Operating band unwanted emission
	Already capture the description related to CA/multi-carrier operation

	6.7   Transmitter intermoduation
	Already capture the description related to CA/multi-carrier operation

	7.1  General
	Including the description for multiple carrier operation, but the description for offset for ACS, blocking and intermodulation characteristics are missing

	7.4.1  ACS
	Already capture the description related to CA/multi-carrier operation

	7.4.2  In-band blocking 
	Already capture the description related to CA/multi-carrier operation

	7.7    Receiver intermodulation 
	Already capture the description related to CA/multi-carrier operation


It can be seen from the table 1, most of the conductive RF requirements have been already capture the description related to CA/multi-carrier operation, and two of the conductive RF requirements such as transmitter OFF power and occupied bandwidth are only capture the description for single carrier. The reason may be that these two requirements are related to aggregated channel bandwidth for intra-band contiguous CA, while the definition of aggregated channel bandwidth is missing in NR specification.

Observation. Most of the conductive RF requirements have been already capture the description related to CA/multi-carrier operation.
From the specification alignment aspect, it should be introduction of CA/multi-carrier related terminology to NR specification, otherwise it will cause confusion to specification reader. 

Proposal. CA/multi-carrier related terminology should be introduced into NR specification.

The LTE CA principle should be reuse to NR. The first thing is to add the CA/multi-carrier operation related definition. We noted that some of the definition such as sub-block and sub-block gap have been already captured in NR specification. On top that, some extra definitions should be added into NR specification. We list some as follow:

Aggregated Channel Bandwidth:
 The RF bandwidth in which a Base Station transmits and receives multiple contiguously aggregated carriers. The aggregated channel bandwidth is measured in MHz.

Base Station RF Bandwidth edge: frequency of one of the edges of the Base Station RF Bandwidth.
Carrier aggregation configuration: a set of one or more operating bands across which the BS aggregates carriers with a specific set of technical requirements
Highest Carrier: The carrier with the highest carrier frequency transmitted/received in a specified frequency band.

Lowest Carrier:
The carrier with the lowest carrier frequency transmitted/received in a specified frequency band.
Lower sub-block edge: frequency at the lower edge of one sub-block.

NOTE:
It is used as a frequency reference point for both transmitter and receiver requirements.

Multi-carrier transmission configuration: set of one or more contiguous or non-contiguous carriers that a NR BS is able to transmit simultaneously according to the manufacturer’s specification.

Sub-block bandwidth: bandwidth of one sub-block.

Upper sub-block edge: frequency at the upper edge of one sub-block.

NOTE:
It is used as a frequency reference point for both transmitter and receiver requirements.

In LTE, the definition aggregated channel bandwidth for intra-band contiguous CA and RF channel bandwidth for intra-band non-contiguous CA are illustrated in figure 5.6-2 in TS36.104. Therefore, it also need to do the same thing in NR specification. The different between NR and LTE is the DC carrier in NR DL also can be modulated, and the guard band can be asymmetric for single carrier. The aggregated channel bandwidth for intra-band contiguous CA and RF channel bandwidth for intra-band non-contiguous CA for NR are illustrated in figure 1 and figure 2.
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Figure 1.Definition of Aggregated Channel Bandwidth for intra-band carrier aggregation
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Figure 2. Definition of sub-block bandwidth for intra-band non-contiguous spectrum

In the above two figures, the Fc is the RF reference frequency on the channel raster. Since the channel raster is not aligned with carrier center any more for NR, thus the Foffset can be asymmetric for each Base Station RF Bandwidth edge / sub-block edge.

In addition, some of the RF requirements should be corrected to capture the description related to CA/multi-carrier operation, which can be found in the draft CR[2][3].
Conclusion

This contribution gives some justifications on the CA/multi-carrier operation in NR specification, including terminology and RF requirements. The proposals are:

Observation. Most of the conductive RF requirements have been already capture the description related to CA/multi-carrier operation.
Proposal. CA/multi-carrier related terminology should be introduced into NR specification. 
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