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1 Background
In RAN4#97-e, the following agreements have been made in the WF on Applicability of CBM/IBM for different CA [1]:

· IBM UE capability is applicable for all CA configurations
· If either CBM or IBM is concluded as infeasible for certain band combinations, it is reasonable to clearly state in the spec that only the requirements of feasible BM apply to these band combinations. If both CBM and IBM are concluded as feasible for certain band combinations, IBM/CBM is up to UE’s capability.
In addition, the following observations have also been captured WF on inter-band CA and UE BM type [2]: 

· Typical inter-band CA deployment between bands in the same frequency group cannot be limited to co-located deployments

· IBM UEs are implementable
· Feasibility to support is left to UE vendor (implementation) choice
There are still multiple open issues, including the correspondence RF requirement, etc.  However, we believe that resolving all the remaining issues on the applicability of CBM and IBM is the most critical matter since other issues depend on the outcome of this discussion. We therefore think that RAN4 shall prioritize the issue below and resolve it firstly: 

· FFS whether CBM can only support CA configurations within same frequency group
In this contribution, we share our view on the topics of applicability of CBM/IBM for different CA configurations and how they should be captured into specification.

In addition, we also share our views on the MRTD related discussion and touch upon the following points according to the agreed WF [2]: 
· Regarding MRTD, beam switch can also be carried out when there is no DL data scheduled on one of the CCs and in the U-D switch. How often is BM carried out in relation to expected changes in the channel conditions? 

· What is the impact on the DL throughput due to PDCCH interruptions in case of non-co-location and an MRTD up to 3 us?

· What is the time needed for beam switch (typically)?
We remark that the ‘U-D switch’ in the WF should be replaced by D-U switch and that the existing requirements for inter-band CA in FR2 is MRTD = 8 us. The MRTD = 3 us is a proposal for a modified requirement for the collocated scenario, assuming that the propagation difference is Tprop = 0 us while preserving the BS TAE = 3 us requirement.
2 Applicability for IBM/CBM UEs with consideration of deployment scenarios 
According to the agreed WF [2] and the email discussion thread 136 [3] in RAN4#97-e, both collocated and non-collocated scenarios are possible deployment scenarios for the same frequency group, and the same is true for the different frequency group case. Therefore, the specification should allow both collocated and non-collocated deployments with all possible band combinations. Since the CBM UEs can only support collocated scenario while IBM UEs are assumed to support both collocated scenario and non-collocated scenario, it is not feasible to limit certain type (i.e., IBM or CBM) of UE within a certain band combination (i.e., same frequency group or different frequency group). 

Observation 1: Since co-located is a possible deployment scenario for the same and different frequency groups, CBM can support CA configurations within the same frequency group and in different frequency groups.
Observation 2: It is not feasible to limit the IBM/CBM applicability for a particular band combination in the specification since it would limit deployment flexibility (collocation or non-collocation). 
On the other hand, defining the IBM/CBM as a UE capability can provide flexibility for UE implementation as well as for the network deployment. Based on the actual deployment, collocation, or non-collocation, the network can configure the UE with an inter-band CA according to its BM capability. 
From the UE aspect, it can choose the preferred architecture based on the bands/regions it intends to support, and it should be able to indicate support of CBM/IBM if it is compliant with the corresponding CBM/IBM requirements for the supported band combination.
Proposal 1: Define the IBM/CBM as a UE capability for each band combination.
From the network aspect, it should be able to configure a UE with a supported band combination according to its advertised capabilities, including the BM capability (which must be indicated for each supported band combination). If the advertised BM capability does not match the deployment scenario (e.g., CBM capability only for a collocation scenario), the network will not configure the UE with the band combination at hand.

Proposal 2: The network shall be able to configure a UE with a supported band combination according to its advertised capabilities, including the BM capability (which must be indicated for each supported band combination) in accordance with standard capability indication. 
3 Applicability of CBM UEs for different band groups in inter band DL CA.  

The feasibility study of IBM UEs on inter-band DL CA for the same band group has been discussed in [2], which concluded it is a feasible solution. On the other hand, CBM UEs over different band groups face a more severe performance degradation than the IBM UEs, but the performance degradation may be acceptable for the collocated scenario. On the other hand, it requires much simpler RF architecture and fewer network resources for beam management. From the RF aspect, a CBM UE only requires a single group of phase shifters across all the different band groups, which can potentially be beneficial for fast launching of inter-band CA deployment in the field as it does not require advanced UE designs for CA operation. In addition, fewer network resources would be needed since only one group of CCs needs to be configured for beam measurement and reporting. 

Observation 3: Supporting CBM UEs with different frequency groups can speed up inter-band DL CA deployment and save network resources since it does not require advanced phase shift networks on the UEs. 
Therefore, for the CA operation across different band groups, supporting CBM UEs should be a feasible option at least under co-located deployment. 
Proposal 3: RAN4 concludes that CBM UEs are applicable for DL inter-band CA with both the same and different frequency groups, at least for the collocated scenarios. 

4 The gain of IBM UE for the same band group 

As discussed earlier, it is possible that both collocated and none collocated deployment scenarios would be applied to the same band group. Therefore, supporting IBM UE within the same band group can significantly improve network deployment flexibility.  In addition, due to the large frequency span even within the same group, the DL signals at two CC with a certain frequency separation may not necessarily come from the same direction, especially under NLOS conditions. Therefore, IBM UE would be needed in this case. 
Observation 4: Supporting IBM UE within the same band group can significantly improve network deployment flexibility.
To support the IBM operation within the same band group, UE needs to have a group of phase shifters for each band group.  However, the bandwidth of phase shifters is usually limited, and it is not easy to achieve a stable phase shift value across the whole frequency group: the phase shift value and the insertion loss change with frequencies and degrade performance due to a beam pointing error. For the inter-band CA operation, since beams on multiple CCs need to be formed towards several desired directions simultaneously, the beam pointing error can be expected to be critical on at least one of the CCs. 

Meanwhile, with the IBM UE, the losses discussed above can be mitigated. In addition, an independent RF chain for each band is a typical architecture for non-contiguous CC due to the unknown nature of the unused spectrum between the two CCs [4]. Thus, it is also natural to have independent phase shifter control for each RF chain such that independent beam control on each RF chain can be realized. 
This architecture would also facilitate the support of other inter-band DL combinations with a different band group by the same UE. 
5 Relation to MRTD
Regarding the impact on CBM/IBM on the MRTD, the following questions were raised in the WG [2]:
· Regarding MRTD, beam switch can also be carried out when there is no DL data scheduled on one of the CCs and in the U-D switch [should be D-U switch]. How often is BM carried out in relation to expected changes in the channel conditions? 
· What is the impact on the DL throughput due to PDCCH interruptions in case of non-co-location and an MRTD up to 3 us?
· What is the time needed for beam switch (typically)?
These questions are related to the RRM discussion on the MRTD requirement for collocated deployments and possibilities for beam management. We reiterate that he MRTD = 3 us is a proposal discussed for a modified requirement in 38.133 for the collocated scenario assuming that the propagation difference is Tprop = 0 us while preserving the BS TAE = 3 us requirement (Tprop = 5 us for the non-collocated scenario). The BS TAE can bot be changed.
As a further background to the questions we consider the following. 

Scheduling restrictions have been discussed as the ultimate consequence of assuming a MRTD = 3 us specification for the collocated scenario. However, there are many chained conditions that must be met before scheduling restrictions are needed with another carrier received up to 3 us later: 

1. An inter-band combination for which the bands are not widely separated in frequency (same ‘band group’) with channel models and propagation not significantly different 
3. A UE indicating only capable of CBM for the specific CA band combination 
4. The bands are collocated 
5. A beam switch or change is still needed, despite the collocated scenario 
6. No available time occasion in neither DL nor UL where the UE could safely perform a beam switch within the duration of a CP 
7. If not possible to mitigate the effects of beam switching during actual transmission/reception, then consequences would be dependent on how frequent beam switch would occur (first question)
8. If not possible to mitigate the effects of beam switching during transmission/reception and if this happens too frequently, then consequences would be dependent on beam-switch time compared to symbol time  
We make the following observation:
Observation 5: For the collocated scenario, there are options for the UE to safely switch beams before scheduling restrictions would be needed, e.g. available time in UL and DL if carriers are not always fully scheduled and during the DL-UL switch. 
Even if both DL carriers are active, the DL-UL guard could be used for beam management. Figure 1 depicts the situation at the DL to UL switching point with two UEs connected to different cells. The guard period in the DL-UL switch must include sufficient time for 
· Time synchronization error (TSync) between UEs connected to different base stations. In this case, UE A is TSync early in relation to UE B. UE A waits for at least TSync before ramping its transmitter.  
 
· Transition time for turning on the transmitter (TUE offè on). The time relates to a specified TX OFF level  
· Propagation time between base station and UEs at cell edge (Tprop_cell_edge).  
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Figure 1: UE-to-UE interference at DL-UL switch 

 
To simplify and to get a direct relation towards cell edge we define this as LOS propagation and multiply with a NLOS path compensation factor αNLOS (αNLOS >1).  
Next, we consider the worst cases to derive the minimum guard period available to a UE for carrying out beam management. 

A small distance and thereby a small propagation time between the UEs (Tprop_UE2UE ~0) is a disadvantage both from a timing view (the interference from UE A would arrive “earlier” at UE B) and from an interference view (short distance also means higher level of interference). Moreover, early UL transmission of aggressor UE A (large TA) and late DL reception of UE B is a disadvantage timing wise i.e. worst situation is when UEs at cell edge and close to each other (motivation why Tprop_UE2UE not subtracted in formula below).  
TDL_UL ≥ TSync +TUE offè on + αNLOS *2*Tprop_cell edge (UE2UE-DL2UL)
where αNLOS is a cell edge NLOS path compensation factor (αNLOS >1). 
 
Hence the UL transmission after DL reception can anyway not start until after 3 µs after its last DL reception assuming worst-case operating at cell edge with max dimension RF propagation (more time if closer). This is needed to prevent UE2UE TDD inter cell interference. Then, there is an additional allowed specified TX transient time. In our case of collocated TDD for carrier aggregation we have TSync = TAE = 3 µs and the transient TUEoff->on = 5 µs, for FR2. The guard period component TDL_UL must consider the cell size for proper dimensioning, i.e., Tprop_cell_edge ≠ 0. However, this means that we have at least TSync + TUEoff->on = 3 + 5 µs = 8 µs of TDL-UL guard period and a beam switch change would not impact the reception of another DL carrier received 3 µs later. 
Observation 6: A beam switch could be performed safely within the DL-UL guard (if properly performed) also for an MRTD = 3 us for the collocated scenario.

Regarding the time needed for beam management, we note that the time between TDD DL-UL at FR2 is around 625us; delay waiting for performing a beam switch at the next DL2UL opportunity would not significantly impact directivity, 0.45° for RPM of 120. Hence, FR2 TDD periodicity should be sufficient with regard to the maximum rotation speed.
6 Proposal
In this contribution, we make the following observations and conclusions for the applicability of inter-band DL CA in FR2: 
Observation 1: Since co-located is a possible deployment scenario for the same and different frequency groups, CBM can support CA configurations within the same frequency group and in different frequency groups.
Observation 2: It is not feasible to limit the IBM/CBM applicability for a particular band combination in the specification since it would limit deployment flexibility (collocation or non-collocation). 
Observation 3: Supporting CBM UEs with different frequency groups can speed up inter-band DL CA deployment and save network resources since it does not require advanced phase shift networks on the UEs. 
Observation 4: Supporting IBM UE within the same band group can significantly improve network deployment flexibility.
Proposal 1: Define the IBM/CBM as a UE capability for each band combination.

Proposal 2: The network shall be able to configure a UE with a supported band combination according to its advertised capabilities, including the BM capability (which must be indicated for each supported band combination) in accordance with standard capability indication. 
Proposal 3: RAN4 concludes that CBM UEs are applicable for DL inter-band CA with both the same and different frequency groups, at least for the collocated scenarios. 

Regarding the impact of MRTD we make the following observations: 
Observation 5: For the collocated scenario, there are options for the UE to safely switch beams before scheduling restrictions would be needed, e.g. available time in UL and DL if carriers are not always fully scheduled and during the DL-UL switch. 
Observation 6: A beam switch could be performed safely within the DL-UL guard (if properly performed) also for an MRTD = 3 us for the collocated scenario.
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