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1 Introduction

During RAN4#93, it was agreed that intra-band CA would be supported for the IAB-MT link. It may potentially be possible that inter-band CA and even DC could be supported in future releases, so the specifications should be designed to flexible and future proof.
Carrier aggregation describes a configuration in which a radio bearer is transmitted to/from a UE using more than one carrier. Apart from carrier aggregation, basestations typically support multi-carrier operation, which is defined as transmitting/receiving on multiple carriers (but not necessarily to the same UE).

The way in which RAN4 requirements are designed for supporting carrier aggregation differ significantly for basestation and UE. In this contribution, we consider the differences between the BS and UE and how RAN4 requirements relating to CA are best defined for IAB.
2 Discussion
2.1 Differences between BS and UE RAN4 CA requirements

In the UE specifications, requirements relating to carrier aggregation are specifically referred to as CA requirements. UE CA requirements differ from single carrier requirements in a number of aspects. Some of the most important differences include:

· The transmit power for multi-carrier operation is managed such that the power across all carriers is aligned to the UE power category.

· Emissions requirements are defined such that carriers on different bands can co-exist within the same device.

· The receiver sensitivity may be relaxed compared to single carrier due to emissions and harmonic products from multiple transmitted carriers

· Other receiver requirements may be adjusted considering the bandwidth class of the UE
· Demodulation requirements are defined considering the maximum amount of active uplink carriers, peak data rate etc.

The above-mentioned relaxations in the requirements arise from the design trade-offs in incorporating multiple transmitter and receiver chains, filters, antennas etc. and the interactions between components. The nature of the trade offs depends very much on the carrier frequencies, bandwidths and the relation of the frequencies to one-another and so several requirements are based on the specific CA combinations that are to be supported. For this reason, it is necessary to list all supported CA combinations in the UE specifications and the requirements relating to each combination.

Basestation carrier aggregation related operation differs significantly from UE operation in a number of ways:

· Wide area basestations are not power limited, and other BS classes are limited in terms of per carrier power, not total power. Thus, there is no concept of power classes for BS, nor is there a need in 3GPP specifications to distribute available power between carriers.

· Basestations are not expected to roam between different networks and regions and thus do not need to support a full and diverse set of bands and band combinations, easing implementation considerations.

· Within basestation designs, there is much more scope to consider larger filters (at least, for non-AAS), antenna placement etc. to avoid interference between different transmitters and bands.
· Apart from carrier aggregation, basestations also operate multi-carrier (i.e. transmission/reception of multiple carriers to/from multiple UEs). 

Due to these differences, RF and demodulation requirements for CA (and multi-carrier) are handled in a different manner in the BS specifications compared to the UE specifications. For the BS, transmission/reception of multiple carriers is handled through two mechanisms:
· So-called multi-carrier and multi-band requirements handle implementations in which multiple carriers are transmitted using the same active radio

· Multi-carrier and multi-band transmissions from separate radio units are handled implicitly as described below

For BS implementations that transmit multiple carriers from the same radio, multi-carrier and multi-band requirements are defined. The BS vendor declares the maximum supported number of carriers, maximum transmit power and transmit power per carrier. Test configurations configure multiple carriers (and RATs) and ensure sufficient test coverage with multi-carrier operation. If carriers can be transmitted in more than one band, multi-band requirements are applied. Unlike the UE specifications, the requirements are in general not changed for multi-carrier operation compared to single carrier operation and are hence not dependent on band configurations (apart from a definition of emissions exceptions for multi-band for spurious emissions from one band within the second band).
It is also possible to use different transmitters/receivers to transmit different carriers and bands from a basestation. Requirements are applied to individual transmitter/receiver connectors (or for OTA requirements, separately for different transmitters). To ensure that different bands can be transmitted from different connectors, a number of requirements are designed:
· A general spurious emissions requirement should protect other transmitters outside of the band

· In addition to general spurious emissions, band specific spurious emissions requirements are defined so that a receiver from one band can be protected from the emissions of a transmitter of another band

· A general out of band blocking requirement protects the receiver from systems out of band

· Band specific blocking requirements ensure that the receiver of one band is protected from the in-band power of another transmitted band

· Transmitter intermodulation requirements ensure that if two bands are transmitted from separate antennas in close proximity, increased emissions due to intermodulation do not occur.

· In-band blocking, ACLR/ACS, emissions etc. requirements ensure that if different transmitters carrying different carriers in the same band are in proximity they do not mutually interfere.

In addition to the requirements on each radio, the site engineer can ensure that the placement of antennas is such that transmitters for different bands do not cause interference to one another.

It is important to note that although there are band specific emissions and blocking requirements, the requirements are independent of the combinations of bands.

Thus, the basestation specifications are very flexible in the sense that they provide requirement and test coverage for any combination of multi-carrier and multi-band and for different types of implementation ranging from all carriers being generated within the same RF to separate RF. There is no need to list band combinations in the basestation specifications as the specifications are fully flexible. The number of carriers and contiguous/non-contiguous are declared by the vendor and the conformance specifications are flexible to provide appropriate test coverage to the declarations. The basestation RF and demod specifications cover both carrier aggregation (i.e. transmitting/receiving multiple carriers to/from the same UE) and multi-carrier (i.e. transmitting/receiving to/from different UEs with different carriers simultaneously).

The capabilities of a basestation in terms of multi-carrier support are declared by the vendor; there is no need for any standardized reporting of capability since the basestations are owned and planned by the operator.
Table 1 summarizes some key differences between BS and UE handling of CA/multi-carrier:

	Aspect
	BS approach
	UE approach

	TX power specification
	No impact of CA and multi-carrier on TX power requirement
	PCmax takes into account CA

MPR takes into account CA

	Spurious emissions
	Requirements defined for co-existence towards other BS/connectors on other bands
	Requirements consider in-device coexistence, harmonics etc

	Receiver sensitivity 
	No impact of CA or multi-carrier on RX sensitivity requirement
	Relaxations of RX sensitivity depending on combination

	RX requirements
	Out of band blocking requirements enable co-existence towards other BS/connectors on other bands
	RX requirements take into account total bandwidth etc.

	Support for multi-carrier as well as CA
	Both CA and multi-carrier supported (in multiple bands where applicable)
	Multi-carrier not supported (due to not being needed)

	Need to standardization of specific CA combinations
	No standardization of specific combinations; any combination supported
	CA combinations need to be identified and standardized


2.2 IAB and carrier aggregation

At RAN4#93, it was agreed that IAB-MT would support intra band CA. The specifications should be written to be flexible enough to support other types of CA in the future. Presumably, the IAB-DU may support all types of CA and multi-carrier.
At RAN#86, a way forward on IAB was agreed in which it is envisaged to create two IAB classes. The classes correspond to:

· A class of IAB node that serves a macro cell has a relatively long MT-donor link and is part of an operator planned development.

· A class of IAB node that serves a small cell, has a shorter MT-donor link and that may not be deployed in a planned fashion

The exact definitions of these classes need further discussion, which is not in the scope of this contribution. For the purposes of discussion here, the classes are abbreviated as “wide area, planned” and “small cell, not planned”.

The IAB-DU can presumably operate multi-carrier and CA, potentially in more than one band and will use basestation requirements. It is also possible that the IAB-MT may be operating on one carrier/band whilst other carriers/bands are operating as DU simultaneously.

Observation 1: It is possible that the IAB-MT and IAB-DU may operate on different carriers/bands simultaneously.
For some implementations, the IAB-DU and IAB-MT may be implemented within the same radio module. In these cases, it would be desirable to have a single solution for setting RF and demodulation requirements rather than having to apply different requirements for IAB-MT and IAB-DU to the same radio implementation.
Observation 2: In case the IAB-DU and IAB-MT are implemented on the same radio hardware, it would be desirable to have a single set of RF and demodulation requirements for CA/multi-carrier.

In release 17, simultaneous transmit and/or receive will be defined for IAB. In the case of simultaneous transmit or simultaneous receive receive, it is possible that the same carrier(s) on the same panel may be used for CA on the IAB-MT link and CA or multicarrier on the IAB-DU link. It is also possible that the combination of carriers used for the IAB-MT and IAB-DU links may not be exactly the same.
Observation 3: The IAB specification should be forward compatible considering simultaneous TX/RX. The specifications should not preclude that for rel-17 the same panel may simultaneously transmit/receive IAB-MT CA and IAB-DU CA or multicarrier, and so should set requirements accordingly.
For the “wide area / planned” IAB class, the operator has knowledge of the IAB capabilities and can configure the IAB-MT to donor link as they see needed.  In principle, there is no need for the IAB-MT to apply the same CA combinations as those defined for UEs. 
Observation 4: There is no need for the IAB-MT specification to preclude using CA combinations that are not defined for UEs (at least for the “wide area / planned” class).

We also note that if the BS requirements approach is adopted for the IAB-MT, there is no need to capture any list of CA / multicarrier combinations and capabilities in the specification.

Observation 5: If the BS approach to CA and multicarrier requirements is adopted, then there is no need to make a list of CA / multicarrier combinations in the IAB specification.
3 Conclusion

This contribution has outlined how the handling of carrier aggregation and multi-carrier differs between the BS and UE specifications. The reasons for the differences relate to the different architecture and product type for basestations and UEs.

The basestation approach is much more flexible in that it enables any CA configuration and also enables co-existence of CA and multi-carrier. Where it is possible to support the BS approach taking into account implementation considerations, we believe that it should be adopted.

For the “wide area/planned” IAB class we propose that the BS approach for CA/multi-carrier is adopted into the RAN4 specifications.

For the “local area / unplanned” IAB class, further discussion may be needed on whether there are any barriers to adopting the BS approach. Clearly though it would be preferable to adopt the same approach for both classes if feasible for specification simplicity and considering forward compatibility towards rel-17 functionality.

Proposal 1: For the “wide area/planned” IAB class, CA and multi-carrier requirements use the BS approach

Proposal 2: RAN4 should discuss and conclude whether the BS approach is also feasible for the “local area / unplanned” IAB class
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