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1 Introduction

This contribution identifies limitations in the current framework which could affect beam correspondence when used together with carrier aggregation (CA) in FR2.
2 CA in FR2

The FR2 mmWave bands provide large swaths of spectrum, thus enabling high throughput links with data rates of multiple Gbps. The combination or aggregation of multiple component carriers (CC) is a feature supported for various band combinations including FR1+FR1, FR2+FR2 and FR1+FR2 (e.g. 900 MHz and 26 GHz). Particular candidate bands of interest for FR2+FR2 CA are 28 GHz and 39 GHz.

CA in FR2 is provided for high and low capability UEs alike. Since such UEs may use the same beamforming array and associated beamforming network when operating with aggregated CCs, the antenna array must operate over a potentially broad span of frequencies. In FR2 inter-band CA for example, it is unlikely that optimal performance would be achievable for all CC combinations. This is because the beamforming weights are adjusted according to the operating frequency range of the Primary Component Carrier (PCC) and the distance to the range of frequencies used for operation of the Secondary Component Carrier (SCC) could be hundreds of megahertz apart. 
For common beam management (CBM),  the UE above assumes that the transmitted signals from the serving cells should have the same downlink spatial domain transmission filter on one OFDM symbol in all CCs [1]. This matches well with the assumption of quasi-colocation (QCL) in which all CCs are associated with the same gNB. Furthermore, the UE may use a common Rx/Tx antenna array for all CCs [1] when performing uplink beamforming, thus making use of the same spatial filter or beamformer.

Current RAN4 CA investigations show the effects of beams operating at different frequencies when using a common beamformer. For example, the SCC beam may be misaligned or squinted with respect to the PCC beam and may also have a different maximum EIRP. This could result in a potential degradation of SCC link performance. 
In the example above, performance degradation is a function of the array properties and degrades according to an increase in: the electronic scan angle (ESA) measured with respect to boresight; the frequency separation between aggregated CCs; and the number of antenna elements that comprise the array. The latter is of particular importance for IAB where backhaul links use a similar number of antenna elements for both uplink and downlink transmission. 
Examples of the effects described above are illustrated in Figures 1 and 2 below.
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Figure 1 A device-under-test (DUT) is arranged so that its boresight points directly at a link antenna (LA). The DUT forms two antenna patterns, shown here in simplified form as main lobes or beams only. A PCC beam uses CC1 at a frequency f1 while a SCC beam uses CC2 at f2. A shared or common beamformer is used to form the two antenna patterns comprising the PCC and SCC beams. Even though the beams operate at different frequencies, the main lobes point in the same direction. However, as the strength of these beams may be unequal, the link antenna of the measurement equipment used to measure PCC and SCC EIRP will record their difference, Δ1.
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Figure 2 A DUT is arranged so that its boresight points away from LA by an angle of ( degrees with respect to the LA – in this example the angle ( is 15°. The DUT forms two antenna patterns, shown here in simplified form as main lobes or beams only. The beamformer is arranged to direct these beams away from boresight by applying an incremental phase difference to the antenna elements that form the antenna array based on the operating frequency of the PCC, f1. Therefore, and because the beams operate at different frequencies, the SCC beam will be misaligned or squinted with respect to the PCC beam. In addition to the effects of squinting, the strength of these beams may also be unequal. The link antenna of the measurement equipment used to measure PCC and SCC EIRP will record their difference, Δ2.
Observation 1: In common beam management and when using a shared antenna array and beamformer together with aggregated component carriers (i.e., in carrier aggregation), beam squinting effects and EIRP differences in the uplink can create link performance imbalances.
In Common Beam Management (CBM), it is assumed that a given CC is the reference or so-called lead component carrier. Since this CC is used as the basis for beam management and/or beam correspondence purposes, additional CCs will be subjected to the same set of beamforming weights. Although the determination of these weights is implementation dependant, beam management (including beam correspondence) may nevertheless default to the PCC, thus providing a commonality of understanding between the gNB and the UE.
Observation 2: In CBM, the PCC is used as the reference for beam management and beam correspondence related decisions.
In practice, the mapping of the PCC and SCC to particular CCs is decided by the mobile network operator (MNO) at the network level with considerations towards, for example, gNB handovers that avoid PCC band switching. As a result of this, the (CA) PCC can be assumed to be the same for UEs served by a given gNB, either fully or in part. 
Since UE beamforming is highly dynamic with respect to the angle between the boresight of the transmit array and the main direction of the uplink beam, the effect of beam squinting and the associated link performance imbalance may cause more severe link degradation and/or link quality fluctuations on the SCC link than observed on the PCC link.
In order to facilitate enhanced multi-link optimization between PCC and SCC, the lead component carrier used for beam management and/or beam correspondence should be chosen according to the load or throughput distribution on the component carriers that are used for the PCC and SCC. As an example, we assume that in a particular uplink transmission situation the SCC is allocated 4-10x the throughput compared to the PCC. In this case, beam management and/or beam correspondence should follow the SCC as the lead component carrier in order to optimize the SCC link quality even though the link performance of the PCC is knowingly sacrificed.
Observation 3: In CBM, the lead component carrier used for beam management and/or beam correspondence purposes should be dynamically chosen between the component carriers assigned to PCC and SCC. Choices should match scheduling decisions made in connection with load balancing and the trade-off of aggregated link performance versus individual link performance.
It should be possible to quickly probe the performance of an individual link and/or to select the lead component carrier on a frame- or slot-basis. The established mechanisms of using RRC signalling to swap the PCC and SCC between CCs using are considered to be ineffectively slow.
Observation 4: Existing RRC signalling mechanisms used to change the CC assigned to PCC on a gNB are considered ineffectively slow since it is necessary to rapidly change the lead component carrier used for beam management and/or beam correspondence purposes.
3 Conclusion

Based on the analysis carried out in this contribution, the following observations are noted:

Observation 1: In common beam management and when using a shared antenna array and beamformer together with aggregated component carriers (i.e., in carrier aggregation), beam squinting effects and EIRP differences in the uplink can create link performance imbalances.
Observation 2: In CBM, the PCC is used as the reference for beam management and beam correspondence related decisions.
Observation 3: In CBM, the lead component carrier used for beam management and/or beam correspondence purposes should be dynamically chosen between the component carriers assigned to PCC and SCC. Choices should match scheduling decisions made in connection with load balancing and the trade-off of aggregated link performance versus individual link performance.
Observation 4: Existing RRC signalling mechanisms used to change the CC assigned to PCC on a gNB are considered ineffectively slow since it is necessary to rapidly change the lead component carrier used for beam management and/or beam correspondence purposes.
In view of the above observations the following proposals are made: 
Proposal 1: Measurement procedures of beam correspondence with CA in FR2 should be the subject of further investigation.
Proposal 2: A liaison station should be sent from RAN4 to both RAN1 and RAN2. The LS shall:
· inform and explain the need for enhanced mechanisms that allow for quickly changing the lead component carrier used for beam management and/or beam correspondence for CA in FR2; 
· request further study of the identified gap in current framework; and
· consider performance enhancement procedures within CA framework for UEs with shared antenna arrays across all frequencies associated with any particular CC combination in FR2. 
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