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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]During RAN4#95e meeting, there was an extensive discussion on FR2 inter-band DL CA but the WF (R4-2008487) [1] was not agreed. In this contribution, we share our views on the remaining open issues.
Discussion on remaining issues
Attributes related to IBM / CBM capabilities
In the last meeting RAN#95e, there was a tentative consensus (not an agreement yet) to define IBM/CBM capability per band pair. But some further clarifications are needed with respect to the attributes associated with introducing such capabilities. In general, it is agreeable to introduce IBM/CBM capability per band pair.
Proposal 1: Introduce IBM and CBM capability per band pair
Issue 1: On the issue whether to introduce support of co-located and/or non-co-located deployment capability per band pair or not:  there is a majority support for “No” i.e. no need to introduce additional capability per band pair. It consequently implies that the UE with CBM band pair shall support co-located deployment and meet corresponding requirement. For this implicit assumption to work (without any introduction of capability), CBM capability’s characteristics/ attributes must be clarified. The ‘co-located’ deployment scenario for intra-band CA, inter-band IBM, inter-band CBM may have different assumptions on RF chain implementation and beam management procedures.  So, when we define CBM attributes, these additional details should also be considered on top of implicit co-located deployment. 
From the previous agreement in WF (R4-2005736) [2] from #94bis-e meeting:  
· 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.

While the co-located deployment could be optimal deployment for CBM, as per the above agreement, this does not mean the network cannot configure CBM UE in non-co-located deployment. 
It should also be noted that a certain band pair can have both CBM and/or IBM. Inter-band DL CA for more than 2 bands could have CBM and IBM interchangeably depending on what CA is being used.  A certain band combination may have both co-located and non-co-located deployment in the real network. So, in addition to implicit meaning of CBM or IBM capabilities, it is beneficial to explicitly define some of its attributes (e.g. co-located and non-co-located information). 
Observation 1: With the implicit understanding that the CBM band pair shall support co-located deployments and meet corresponding requirements, IBM band-pair shall support both co-located and non-co-located deployments, the other attributes associated with CBM/IBM capabilities are also need to be  clarified and defined. 

Issue 2: On issue whether intra-band non-contiguous CA requirements apply to CBM band pair in inter-band DL CA.  
Firstly, the deployment assumption for the intra-band CA is co-located. As a general principle, it is desirable to re-apply requirements that are already defined as much as possible if the conditions and scenarios do not differ. However, the requirements for inter-band DL CA band pairs will be individually defined, so the requirements should be investigated case-by-case if any of the intra-band non-contiguous requirements apply. 
Due to deployment scenario being co-location in both cases, for L+L and H+H, requirements related to (i) equal PSD on CCs, (ii) similar AoA for CCs, and (iii) common spherical coverage for all CCs are all applicable. The potentially large frequency separation in inter-band DL CA may be handled with one common antenna array or two arrays. If L+H is implemented with 2 arrays, the RF requirements due to large frequency separation could be slightly different (say, PSD imbalance, the EIS spherical coverage relaxation etc.,) and potentially other frequency-dependent RF degradations. In such cases the RF requirement reuse can be investigated case-by-case.  Furthermore, it is not only the RF requirements but BM process that could be same or different.  If the baseband processing of CBM band pair is identical to intra-band non-contiguous band pair, then jointly with CBM/co-location assumption, parameters such as MRTD could be similar.  On the other hand, if the baseband processing of CBM band pair is different to intra-band CA, then that must be considered as well.  A blanket approach of applying all intra-band non-contiguous CA requirements to CBM band pair in inter-band DL CA is not recommended, and this should be investigated case-by-case.  
Observation 2: The requirements for inter-band DL CA band pairs will be individually defined, so the requirements should be investigated case-by-case if any of the intra-band non-contiguous DL CA requirements apply.  In most cases reuse of requirements is possible, but when there is a frequency-dependent RF degradation or different BM process it should be investigated case-by-case. 

EIS Spherical Coverage for inter-band DL CA
Defining inter-band DL CA spherical coverage requirements was another open issue.  In last few meetings, there is a relaxation framework consisting of different components for inter-band DL CA EIS spherical coverage relaxation are being defined. They include defining requirements for “common spherical coverage” for inter-band DL CA.  Multi-band relaxation (MBR) and inter-band CA specific relaxations are other EIS spherical relaxations.
On common spherical coverage requirements, there is a tentative consensus to adopt requirement on area of sphere (or equivalently, solid angle) where both bands meet their respective single CC EIS spherical coverage requirements. 
Proposal 2: Adopt requirement on area of sphere (or equivalently, solid angle) where both bands meet their respective single CC EIS spherical coverage requirements. 
However, the questions remain: when does this common coverage is applicable? Whether to apply to CBM and IBM pair, or only to the IBM pair?  What it says about co-located?
CBM / IBM in co-located deployments: For CBM UEs and co-located cases of IBM UEs, the beams of CC1 and CC2 point in the same direction. The solid angle where both the bands meet their respective EIS spherical coverage requirements can be taken as common coverage EIS requirement. This common coverage EIS requirement can be one of the components of overall DL CA EIS relaxation.  
However, while defining band pairs, the frequency separation should also be considered. It relatively simpler to define an 3D solid angle of a sphere for L+L or H+H and analyze if any relaxation at the common coverage point on CCDF – as this is not expected to be significant. However, this relaxation value for L+H could be significant. For large frequency separation, the mismatch between the spatial coverage of the two CCs needs to be quantified. Preliminary simulations find ~ 2dB relaxation on each CC to enable the UE to achieve the 50% common spherical coverage between two CCs. 
Observation 3: For co-located scenarios, both CBM and IBM could define common coverage 
Non-co-located scenarios:
The IBM UEs under non-co-located deployment scenario supports independent beam steering for each band. It is very hard to evaluate DL beam angles between cells and the concept of common coverage under such scenario is questionable. For Rel-16, the test of inter-band CA spherical coverage is limited to a single AoA, so it would not be possible to define RF requirements to test that UE supports two AoA.  
There is already an agreement to test inter-band CA spherical coverage with a single AoA [3]
· 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.

Observation 4: For non-co-located scenarios, the “common spherical coverage” requirement is not applicable. 
This necessitates investigation of scenarios when the common coverage is applicable.  If common coverage is not applicable for certain scenarios, whether this should be presented as a capability. To indicate whether UE can support common spherical coverage or not. 

PSD difference during requirements testing for CBM band pairs
For CBM UEs under co-located scenario the power imbalance between the CCs is expected to be small.  CBM UEs are likely to share the same hardware components among bands, so any power imbalance causes a receiver SNR degradation from one CC to the other.  It has been shown that that the power differences between CCs is non-zero (larger than 0dB) [4].  Any imbalance, however small, would appear as aggressor to the other. For CBM UEs, the power imbalance caused due to 28+28GHz or 39+39GHz [equal] as per WF [2] but this value should be kept a non-zero value. There is a growing consensus to minimize the PSD difference in the test condition.  
But for the 28 + 39GHz case, the peak power imbalance between the CCs is in the order of 20 – 30dB, with average around 6.5dB [4]. Firstly, the frequency separation is the main contributor that causes this huge PSD imbalance. Secondly, the array gain difference between the different panels used for 28GHz and 39GHz is another contributor. If the CC from Scell is continued to be drowned by the PSD of CC in Pcell, then most likely Scell will be deactivated. If this is the case, IBM may be better suited to handle the 28 +39GHz. 
For IBM UEs, it is assumed to support both collocated and non-collocated deployment.  For IBM band pairs, a large PSD difference up to 30 dB is an expected requirement as these UEs are expected to receive beams in all angles.  As agreed in WF [5]:
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

However, it is not practical to test such a huge PSD difference in OTA environment. So, a large PSD range is testability point of view; at least 6.5 dB should be taken as agreed.
Proposal 3: For CBM L+L and H+H PSD difference could be small but this non-zero value should be captured. For L+H and IBM the PSD difference could be large bur for testability point of view 6.5dB can be agreed.
On MRTD
Under the understanding that the MRTD value determination is in RRM, this section only presents the beam management capability aspects. The deployment scenarios and possible modification of the MRTD value and determination for inter-band CA combinations in FR2 are in RRM. 
Rel-15 defined MRTD values for inter-band FR2 CA, however inter-band FR2 CA was not supported in Rel.15 due to the lack of RF requirements and band combinations. In Rel-15, MRTD value determination assumed certain cell size and deployment scenarios (~2.4km and non-co-located, etc.).  Rel-15 did not define or distinguish CBM or IBM.  So, for Rel-16, UE capabilities information can be considered for MRTD related discussions.
Section 7.6.4 of TS 38.133 defines:
7.6.4	Minimum Requirements for NR Carrier Aggregation
For intra-band CA, only co-located deployment is applied. For intra-band non-contiguous NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver as shown in Table 7.6.4-1 below.
Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	31

	FR2
	0.26

	Note 1: 	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.



For inter-band NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of all pairs of carriers to be aggregated at the UE receiver as shown in Table 7.6.4-2 below.
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8

	Between FR1 and FR2
	25 



In Rel-16 FR2 enhancements WI, several of the capability definitions and requirements are tied to the deployment scenarios. In the previous section, we investigated – under what conditions intra-band non-contiguous CA requirements can be considered for CBM band pair in inter-band DL CA – this is one such requirement where the due to co-location and capabilities the RF and BM procedure are very similar to intra-band CA and CBM. For a particular CA band pair, if the co-location and common beam management can be clearly established, then could the MRTD 8us can be reconsidered and lowered?
Observation 5: If the CBM capability and explicit co-located deployment conditions are established, it would allow inter-band FR2 CA MRTD to be lower than 8us. 
Proposal 4: It is proposed to explicitly define co-located deployment information to allow parameters such as MRTD to set appropriate requirements.

Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution, we provided some analysis and considerations for the remaining open issues in inter-band DL CA.
Proposal 1: Introduce IBM and CBM capability per band pair
Observation 1: With the implicit understanding that the CBM band pair shall support co-located deployments and meet corresponding requirements, IBM band-pair shall support both co-located and non-co-located deployments, the other attributes associated with CBM/IBM capabilities are also need to be  clarified and defined. 
Observation 2: The requirements for inter-band DL CA band pairs will be individually defined, so the requirements should be investigated case-by-case if any of the intra-band non-contiguous DL CA requirements apply.  In most cases reuse of requirements is possible, but when there is a frequency-dependent RF degradation or different BM process it should be investigated case-by-case. 
Proposal 2: Adopt requirement on area of sphere (or equivalently, solid angle) where both bands meet their respective single CC EIS spherical coverage requirements. 
Observation 3: For co-located scenarios, both CBM and IBM could define common coverage 
Observation 4: For non-co-located scenarios, the “common spherical coverage” requirement is not applicable. 
Proposal 3: For CBM L+L and H+H PSD difference could be small but this non-zero value should be captured. For L+H and IBM the PSD difference could be large bur for testability point of view 6.5dB can be agreed.
Observation 5: If the CBM capability and explicit co-located deployment conditions are established, it would allow inter-band FR2 CA MRTD to be lower than 8us. 
Proposal 4: It is proposed to explicitly define co-located deployment information to allow parameters such as MRTD to set appropriate requirements.
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