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1
Introduction

In RAN4#94bis-e meeting, the following WF regarding FR2 inter-band DL CA was agreed [1]. 
· Way Forward on capability for beam management

· CBM = common beam management between the band pair

· IBM = independent beam management between the band pairs

· How to distinguish between CBM and IBM band pairs will be further discussed and decided in RAN4#95. 

· Choose between two alternatives: 

· per band pair capability to declare IBM or CBM

· IBM / CBM band pairs defined in specification. 

· Network does not assume CBM UE supports non-co-located deployment

· This doesn’t mean the network cannot configure CBM UE in non-co-located deployment 

· Network assumes IBM UE supports both co-located and non-co-located deployments.

· IBM band pair requirements

· PSD difference between bands in Refsens i.e. peak EIS: 

· Agree PSD difference is within a range[6.5 – 30] dB and RAN4 aims to agree one number in RAN4#95

· PSD difference between bands in EIS spherical coverage: 

· Agree a range [6.5 – 30] dB and target to agree one number in RAN4#95

No agreement was reached whether PSD difference among bands should be considered for CBM.

For EIS spherical coverage requirement of inter-band CA, the following agreement was made in RAN4#94 [2]. 

· The UE shall meet the EIS spherical coverage requirement simultaneously among bands, the common EIS spherical coverage range between the two bands shall be 50% for power class 3 UE.

· Rel-15 EIS spherical coverage requirement will be taken as baseline assuming that the relaxation for 50%-tile point for power class 3 UE is introduced. The relaxation framework and value are FFS. Relaxation value cannot be 0.
It is to be confirmed that the common spherical coverage applies to both IBM and CBM.

2
Discussion

IBM vs CBM

First, we discuss how IBM and CBM is applied for different band combinations depending on the UE implementations and network deployments.

Agreed in [1], network assumes IBM UE supports both co-located and non-co-located deployments. In other word, network assumes that UE can steer a Rx beam per band and support an independent angle of arrive for each band. 

For DL CA, only one band has uplink. Thus, downlink beam steering for the band without uplink is only based on UE reporting as the SRS cannot be transmitted for that band. Network typically assumes the beam correspondence for the beam management. However, lack of uplink resource does not limit to only CBM in downlink, as downlink beam selection can be still utilized for each band. In case of CBM, network may configure a beam management resource (such as CSI-RS) in Pcell but not limited only to. For IBM, network configure beam management resources in both bands.
Observation 1: Lack of uplink resource does not limit to only CBM in downlink CA.
For UL inter-band CA, it is more reasonable than DL CA to consider IBM because uplink resource is available. So far it has been assumed L+L (e.g., 26+28GHz) pair is suited for CBM and L+H (e.g., 28+39GHz) pair is more suited for IBM due to UE implementation and network deployment restrictions. For L+L pair, the same hardware components such as antenna are shared among bands, both in UE and network implementation. Thus, the CBM is primarily assumed for L+L pair. On the other hand, L+H pair may not be based on the shared hardware components. The network deployment can be easily extended to non-collocated CA by using the remote radio heads; thus, the IBM should be supported as a baseline for UL inter-band CA for L+H combo. L+L combo deployment can be also non-collocated.
Observation 2: CBM should be considered as the baseline operation for inter-band DL CA for L+L.

Observation 3: IBM should be considered as the baseline operation for inter-band DL CA for L+H.
However, it is premature to decide only CBM for L+L and IBM for L+H at this stage as NR inter-band CA for FR2 is quite new feature which is not yet deployed or implemented. Therefore, it is proposed that UE capability signaling introduced to indicate whether CBM, IBM or both are supported by UE per band combination. This will leave the deployment and implementation flexibility for the future. L+L combo may not be restricted to non-collocated deployment; such possibility will be left open. UE may later support CBM for L+H combo; then network can save the beam management resource in inter-band CA. 
Proposal 1: UE capability per band combination should be introduced to indicate whether CBM, IBM, or both are supported.
It is not enough to introduce the UE capability per band combination. If 3-band CA is introduced such as 26+28+39 GHz combinations, then, it is typically assumed CBM for 26+28 GHz but IBM for 39 GHz. Therefore, the UE capability signaling shall be flexible enough to indicate which band pair is CBM, IBM or both.
Proposal 2: Signaling shall be flexible enough to indicate which band pair is CBM, IBM or both for more than 3 bands.

Noted that this signaling can be further extended per CC based then it can also indicate possible beam management procedure per CC in intra-band CA.
Power imbalance

If the same hardware components are shared in UE’s signal paths, large power imbalance causes a receiver SNR degradation since signals jam each other among bands. It is understood most CBM implementations in UE are likely to share the same hardware components among bands, thus the maximum allowed PSD difference is limited by implementation.

However, PSD difference is the outcome of network deployment (including propagation environment) and cannot be controlled by network for each UE. Each band may use different transmit power and may use different hardware components in the network side. Limiting PSD difference tightly for all UE designs will cost the flexibility of network deployment and may not be possible at all. Nevertheless, it is also not practical to require extremely large PSD for every band combination and beam management scheme, which will then cost UE implementation. 
For L+L combo, it is likely that the same transmit power and propagation condition is assumed thus 0 dB should be sufficient for collocated deployment. However, L+H combo would require non zero PSD difference due to different propagation characteristics even in collocated deployment.  For IBM for any combo, the large PSD difference up to 30 dB is required as already suggested [x]. However, it is not so practical to test such a huge PSD difference in OTA environment, thus we propose to use largest possible PSD difference from testability point of view; at least 6.5 dB should be taken as agreed in [1]. These observations are summarized in the following table. 
	
	Collocated

(CBM)
	Collocated

(CBM)
	Non-collocated

(IBM)
	Non-collocated

(IBM)

	Band combo
	L+L
	L+H
	L+L
	L+H

	PSD difference (peak EIS)
	= 0 dB
	> 0 dB
	> 6.5 dB
	> 6.5 dB

	PSD difference (EIS spherical coverage)
	= 0 dB
	> 0 dB
	> 6.5 dB
	> 6.5 dB


Proposal 3: The PSD difference for IBM shall be 6.5 dB or greater for IBM; it is for further to check if greater PSD difference is possible from testability point of view.

Proposal 4: The PSD difference for CBM shall be 0 dB for L+L combo; non-zero PSD should be considered for L+H combo.
Spherical coverage requirement
It’s been already agreed that common spherical coverage is assumed for inter-band CA [2].

· The UE shall meet the EIS spherical coverage requirement simultaneously among bands, the common EIS spherical coverage range between the two bands shall be 50% for power class 3 UE.

· Rel-15 EIS spherical coverage requirement will be taken as baseline assuming that the relaxation for 50%-tile point for power class 3 UE is introduced. The relaxation framework and value are FFS. Relaxation value cannot be 0.
The collocated deployment shall be supported regardless of CBM or IBM, thus, UE shall be able to steer beams to a single AoA for multiple bands. The above agreement shall be applied to both CBM and IBM. The remaining issue what relaxation is applied to inter-band CA.
Observation 3: The common spherical coverage has been already agreed and shall be applied to both CBM and IBM; EIS spherical coverage is based on Rel-15 requirement except for additional relaxation for inter-band CA.
The relaxation framework is not formally agreed but it’s been already discussed that the relaxation should include inter-band DL CA specific relaxation factor [4] on top of MBR (multiband relaxation) factor. The MBR is agreed as MBP,n and MBS,n in the agreed draft CR [5].

It’s not discussed how the additional CA relaxation applies whether it is also applied even if UE is configured for single band operation. It is our understanding that the relaxation comes from various factors, such as antenna tuning, radiation patterns, and in-device coexistence issues when multiple bands are simultaneously activated. Therefore, the additional relaxation is not applicable to a single band operation. Further, it is stressed that the relaxation shall include both conducted and radiated domain relaxation (similar to beam squint discussed for intra-band CA).
Proposal 5: Inter-band DL CA relaxation factor shall include both conducted and radiated relaxation and shall not be applied in a single band operation.
RF requirement for IBM

In RAN4#93, we have already agreed to test inter-band CA spherical coverage with a single AoA configuration in the following [2].
· Spherical coverage requirements for inter-band CA are tested from single AoA for Rel-16 if the following testability solution can be provided.

· Testability SI will study the TE capability of transmitting 28 GHz + 39 GHz, 28 GHz + 28 GHz, or 39 GHz + 39GHz from same direction simultaneously.

· PSD condition among bands. 

· PSD difference up to TBD dB between 28GHz and 39GHz shall be considered in the conformance test configuration and [equal] PSD among 28+28 and 39+39 band groups

· Confirm PSD condition for each scenario in RAN4#94.
This agreement is met for both CBM and IBM, as they can both support the common spherical coverage. IBM is in addition can support an independent beam steering for each band, which cannot be verified with a single AoA test configuration. Multiple AoAs have been already discussed for RRM test configuration for multiple beam scenarios. IBM is more related to the functionality of the beam management; therefore it is more suited for discussion in RRM/Demod. It is proposed that the IBM requirement shall be developed as RRM/Demod requirement.

Proposal 6: The requirement specific to IBM shall be further discussed and developed in RRM/Demod.

3
Conclusions 

In this contribution, open issues on inter-band DL CA has been discussed. The following observations an proposals have been presented.
Observation 1: Lack of uplink resource does not limit to only CBM in downlink CA.
Observation 2: CBM should be considered as the baseline operation for inter-band DL CA for L+L.

Observation 3: IBM should be considered as the baseline operation for inter-band DL CA for L+H.
Proposal 1: UE capability per band combination should be introduced to indicate CBM, IBM or both are supported.

Proposal 2: Signaling shall be flexible enough to indicate which band pair is CBM, IBM or both for more than 3 bands.

Proposal 3: The PSD difference for IBM shall be 6.5 dB or greater for IBM; it is for further to check if greater PSD difference is possible from testability point of view.

Proposal 4: The PSD difference for CBM shall be 0 dB for L+L combo; non-zero PSD should be considered for L+H combo.
Observation 3: The common spherical coverage has been already agreed and shall be applied to both CBM and IBM; EIS spherical coverage is based on Rel-15 requirement except for additional relaxation for inter-band CA.
Proposal 5: Inter-band DL CA relaxation factor shall include both conducted and radiated relaxation and shall not be applied in a single band operation.
Proposal 6: The requirement specific to IBM shall be further discussed and developed in RRM/Demod.
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