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1	Introduction
In previous RAN FR2 enhancement WI was approved [1] and it had following objective
· Inter-band DL CA enhancements [RAN4 RF/RRM]
· Agree a method how applicable CBM/IBM information is captured into specification for a particular CA configuration. Agree how it is decided whether a certain CA configuration is assuming CBM or IBM based requirements (for-example is applicability based on operator request or some general rule or are all CA configurations applicable for both CBM and IBM). 
which is vital to get an understanding how CBM and IBM relates to each other and how the RAN4 requirements are defined.
2	Discussion
This paper is written in questions and answers format.
· How CBM and IBM look from RAN1 perspective?
· CBM: In DL QCL-TypeD RS can be in other servCell than in which TCI State is configured. There is common beam across CCs for PDCCH and PDSCH (TCI state). QCL-TypeA needs to be on the CC where TCI is applied.
· IBM: DL QCL-TypeD RS in the same servCell in which TCI State is configured. There is independent beam per CC for PDCCH and PDSCH (TCI state).
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· How does the NW operation differ in CBM mode and IBM mode?
· When discussing IBM in this WI, beam management is done independently per band. The network configures the DL reference signals (SSB/CSI-RS), UL SRS, and UE reporting independently in each band. Therefore, it’s possible for network to fine tune downlink beam steering by using beam search and scan in uplink or by configuring the UE reporting to enable optimized downlink beam forming in each band independently. The network can also steer UE’s uplink beam transmission independently by using control information to UE. Additionally, the network can activate uplink beam scan procedure independently per band. The lost beam (out-of-sync) in Scell band in uplink doesn’t mean the loss of beam in Pcell band in uplink. 
· In CBM, beam management is at least done in the Pcell band. Network assume that the Scell beam follows Pcell beam in all beam management procedures. Hence, in CBM the UE Rx spatial settings are the same for PCell and SCell. Network also assumes that UE beam management in DL reception and UL transmission are common among bands. If Pcell beam in uplink is lost (or out-of-sync), network assumes Scell beam is simultaneously lost.
· How does the UE operation differ in CBM mode and IBM mode?
· In IBM, UE has to be configured with reference signals for beam management in each band to monitor beams (such as SSB/CSI-RS). Hence, UE would measure RS in both Pcell and Scell bands and UE would need to report back the beam management measurement results for each band separately. The uplink SRS transmission also needs to be configured for each band by gNB so that gNB can monitor UL SRS beams independently. Due to beam correspondence, gNB may or may not configure uplink beam scan. However, if the UL beam is scanned in gNB, it is done independently per band.
· In CBM, UE is at least configured to monitor the Pcell band. If Pcell beam in uplink is steered, Scell beam is simultaneously steered to the same direction.
· Can a UE support both CBM and IBM?
· CBM architecture is based on the same transceiver and the same antenna for both Pcell and Scell bands. It’s for sub-bands of large contiguous spectrum supported by a single UE RF/antenna chain.
· CBM UE cannot support deployments intended for IBM UE as beams cannot be independently managed with CBM architecture.
· IBM architecture is normally based on the independent UE RF transceiver and antenna chain. Hence, PCell and SCell will have separate RF transceiver and antenna chain.
· One question is whether an IBM architecture can still support the deployments intended for CBM UE? If DL RS is only provided in PCell, the same phase reference among bands shall be assumed, but if UE is using multiple transceiver/antenna chain then it may require DL RS in both bands. If DL RS is provided in both bands in IBM architecture, UE is likely to support the deployments intended for CBM.
· There is still an open question about what kind of relaxation (in peak EIRP/EIS and spherical coverage requirement) is applied in CBM requirement, which needs further study. 
· How colocation/non-colocation UE support is addressed?
· In REL16 capability to indicate support from CBM and/or IBM was introduced (hardcoded to IBM in REL16). There is no capability to indicate support for colocation/non-colocation.
· What is the difference between collocated and non-collocated deployment from UE perspective?
· In non-collocated deployment UE has to handle larger power imbalance and potentially MRTD and/or MTTD values compared to collocated deployment.
· What is the relation of CBM, IBM and collocation/non-collocation?
· CBM UE is not as versatile as an IBM UE when we consider power imbalance and MRTD/MTTD topics, this is the key from RF discussion point of view. We can assume that an IBM UE can do both collocation/non-collocation deployment cases while a CBM UE in general only support collocation deployments. However, this does not mean that CBM UE could not operate in non-collocated deployment. It may, if the power imbalance is limited and so on but this may be difficult to guarantee in real deployments. Therefore, there is no need to exclude CBM UE to operate in non-collocated deployments, but CBM UE do not meet the same power imbalance requirements as IBM UE which may be needed.
· Do we define UE RF requirements for colocation/non-collocation case?
· In REL16 RAN4 defined one set of requirements assuming IBM for power imbalance and collocation for MRTD. In REL17 there will be also CBM UE requirements. 
· Will there be four sets of RF requirements CBM+collocation, IBM+collocation, CBM+non-collocation, IBM-non-collocation? In our view no. There will be some RF requirements which have different value for CBM and IBM like power imbalance but there is no mapping to colocation/non-collocation. When UE indicates that it is either CBM or IBM UE then network knows its capabilities and can enable CA accordingly knowing that CBM UE has some limitations compared to IBM UE.
· Is it mandatory for UE support both CBM and IBM if requirements exists?
· No it is not. UE ability is known from UE capability signalling or band combination specific.
· Even if it is not mandatory for a UE to support both CBM and IBM does RAN4 always define requirements for both?
· There are some questions.
· Do we introduce CBM requirement for L+H band combination? 
· Since IBM UE meeting Rel-16 requirement for L+H band combination can support both the collocated and non-collocated deployment. In our view it is low priority to introduce additional requirement for L+H combo specific to CBM.
· Do we introduce IBM requirement for L+L (or H+H) band combination?
· It is preferred to have an option to use non-collocated deployment for L+L (or H+H) band combination, because from network perspective two bands can be supported by non-collocated radio remote heads which allows more flexible network deployment. Also from UE implementation point of view, L+L (or H+H) non-collocation may be supported by UE implemented with multiple antenna panels if they can be activated simultaneously; i.e., one band in one panel and the other band in another panel. This option for flexible network deployment and UE implementation should be further studied.
· At least there will be CBM requirement for L+L.
· As discussed above, CBM is a primary UE architecture with a single transceiver/antenna unit for L+L (or H+H) combo. As the availability of the spectrum allocation of H+H is not yet clear, L+L should be studied first. Thus, the CBM requirement for L+L combo is the high priority item that RAN4 shall work on first. 
· If RAN4 does not always define requirements for both CBM and IBM for a certain CA configuration how is it decided which requirements are defined and how is it captured into specification if CBM and/or IBM requirements exists?
· If RAN4 do not define CBM requirements for L-H and IBM for L-L(or H-H) then it is clear which requirements apply to each band combination. However, if for example IBM requirements are defined also for L-L in addition to CBM then there is a need to state CBM/IBM validity per band combination in spec and this can be based on operator request.
· How does requirements differ for CBM and IBM in RF spec?
· Rel-16 RF requirements are for IBM. When CBM RF requirements are defined there will be difference for some requirements but not for all. At least REL16 DL power imbalance requirement and associated ΔRIB reference sensitivity relaxation needs attention.
3	Conclusion
[bookmark: _GoBack]In this contribution we have discussed issues relating to common and independent beam management and how these are linked to FR2 interband CA.
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