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1 Background
RAN4 has continued the discussion on the inter-band DL CA in RAN4 #95-e [1], where UE beam management capability on inter-band CA (IBM vs. CBM) has been further discussed. Besides, the EIS test and the spherical coverage requirement on CBM/IBM have also been discussed. 
In this contribution, we make proposals on the critical issues regarding the beam management capability, the spherical coverage requirement as well as the PSD difference for the inter-band CA EIS test.

2 Beam management capability 
2.1 band pair capability on CBM/IBM UEs
Beam management capability is related to the discussions in the RF session and the discussions in the RRM session are on the deployment scenarios and possible modification of the MRTD for inter-band CA combinations in FR2. This discussion has been on-going for the past two meetings, where two options have been given on how to define the CBM/IBM band pair capability: A) per band pair capability to declare IBM or CBM.  B) IBM / CBM band pairs defined in the specification. 
Defining IBM/CBM on band pairs in the specification would limit deployment flexibility (collocation or non-collocation) for a particular band combination. 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, collocated or non-collocated, the network can configure the UE with an inter-band CA according to its BM capability. The UE can choose the preferred architecture based on the bands/regions it intends to support, the operator can deploy the cell based on their spectrum, and the network can configure the BM based on the reported UE capability as well as the availability of network resources. Therefore, IBM/CBM needs to be defined as a band pair capability which is declared by UEs. 
In case requirements cannot be completed in the Rel-16 timeframe, the CBM/IBM capability indication should still be introduced in Rel-16 to allow release independent implementation of DL inter-band CA from Rel-16 (requirements would then be included in the Rel-17 version).
Proposal 1: Introduce CBM/IBM for inter-band CA as an NR UE per-band combination capability for DL and UL in Rel-16 (regardless if requirements are completed or not). Support of IBM for a band combination implies support of CBM.
2.2 Supported deployment scenario for CBM/IBM UEs
In addition to the capability, further discussion on whether introducing support of co-located and/or non-co-located deployment capability per band pair has also been carried out. We note that the following agreement has been made in RAN4#94-e-bis [2].
· 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.

By interpreting the agreement above, the following observation can be obtained: 
Observation 1: A CBM UE is assumed to support the co-located deployment scenarios. An IBM UE is assumed to support both co-located and non-co-located deployment scenarios. Configuration of a DL inter-band CA based on these indicated UE capabilities is up to the gNB.
Therefore, the supported deployment scenarios are clear enough to the network based on the above observation, and we do not see that there is any need to introduce additional capability signaling here on the deployment for IBM/CBM UEs. 
Proposal 2: Support of co-located and/or non-co-located deployment capability per band pair need not be UE capability from a beam management viewpoint, CBM or IBM indication suffices. 
2.3 Impact on MRTD for CBM/IBM UEs
The beam management capability should not be linked to the discussion on MRTD and timing requirements. The MRTD also depends on factors other than AoA and the spatial filtering, e.g. propagation delay difference between antennas and other timing and synchronization constraints. The only relation is that a UE indicating CBM is expected to handle an MRTD according to the timing requirement for the co-located deployment scenario. 
Issues related to beam management, i.e. spatial filtering, should not be used for relaxing/modifying MTRD requirements that are also governed by other timing constraints. Any possible timing constraints, e.g. as implied by use of common FFT for some band combinations (whenever feasible), should be addressed by dedicated UE timing capabilities rather than the BM capabilities discussed here.

Rather than modifying the MRTD for non-collocation, as discussed by RAN4#94-e-bis RRM, just because of limited UE capability of independent DL/UL beam management, e.g., by assuming a small MRTD that implies BS antenna co-siting similar AoA in the two bands, independent DL/UL beam management should be a specific UE capability. The MRTD must not be modified as this would constrain future deployment scenarios and possible FR2 cell sizes. 
Proposal 3: The beam management capability shall not be linked to the discussion on MRTD and timing/synchronization requirements. 
3 Metric and requirement for inter-band CA spherical coverage
3.1 Metric for inter-band CA spherical coverage
The metric for inter-band CA spherical coverage is another open issue that needs to be resolved. Different methods of measuring the inter-band CA spherical coverage requirement have been proposed in the previous meetings. In our understanding, the spherical coverage metric for inter-band CA shall be defined in a way that it can guarantee the UE minimal performance under the desired deployment scenarios.
Proposal 4: The spherical coverage requirements for inter-band CA shall be defined in a way that it can guarantee enough UE minimum performance under the desired deployment scenarios. 

Based on the supported deployment discussed in section 2.2: for the CBM UEs, the requirement for the CBM spherical coverage shall ensure the UEs can beamform towards the same direction on both CCs to support a co-located deployment scenario. Therefore, requirement on solid angle described by directions that simultaneously meet the inter-band CA spherical coverage for both bands is needed. The common area can be defined as 50 % to be aligned with the single CC requirement. For the IBM UEs, they need to support both non-co-located and co-located cases. However, the test of inter-band CA spherical coverage for the Rel-16 is limited to a single AoA test, which can only be translated to the co-located scenario in the field. Therefore, it is reasonable to adopt the same approach to measure the spherical coverage as the CBM case since both test cases (nota bene) intend to verify the co-located scenario with overlapping beams. Moreover, a UE supporting IBM must also support CBM for a given band combination.   

Observation 2: To guarantee the UE inter-band CA performance under the co-located deployment scenario, the common spherical coverage area is needed in the EIS test. 
Adopting the same metric for CBM and IBM can also simplify the conformance test and product development, which is preferred. 

Proposal 5: Adopt the requirement on solid angles, described by directions that simultaneously meet the inter-band CA spherical coverage for both bands, with the common area of 50 % for both IBM and CBM UEs, with the single AoA test setup. 
3.2 Relaxation on spherical coverage requirement for inter-band CA spherical coverage
Though the same metric of inter-band CA spherical coverage can be adopted for IBM and CBM UEs, the requirement shall be different. For both IBM and CBM UEs to enable common spherical coverage, relaxations on spherical coverage EIS are needed comparing to the single CC requirement However, it is important to understand that different factors cause the relaxation of the spherical coverage requirement for IBM and CBM, respectively.
3.2.1 Relaxation on IBM UEs
For IBM, especially for the case that two CC are separated further away to each other, the mismatch between the spatial coverage of the two CCs needs to be quantified. Simulations on quantifying this factor have been provided in [3]. One important observation from [3] is that equally distributing the relaxation on the two CCs can help to reduce the value of total relaxation. 

Proposal 6: For IBM inter-band CA spherical coverage, allow X dB relaxation on each CC to enable the UE to form the common spherical coverage. 

The original proposal in [3] was based on 28 + 39 GHz case, which shows that it is feasible to place a 2dB relaxation on each CC to enable the UE to achieve the 50% common spherical coverage between two CCs. By further extending the same analysis to 24 + 43 GHz, we discovered that 2.5 dB relaxation is needed for the worst-case scenario.  
Observation 3: X = 2.5 on each CC can guarantee the UE to meet the common spherical coverage requirement for 24 GHz + 43 GHz. 
3.2.2 Relaxation on CBM UEs
For CBM, the beam squint is a factor that will cause the spherical coverage degradation on the secondary CCs (assuming the beam management RS is on the primary CC). To quantify the beam squint impact on the spherical coverage of the secondary CC, simulations have been provided in [4], and the spherical coverage degradations on 50% CDF antenna gain are given in Table I: 

Table I.  Spherical coverage degradation due to the beam squint effect

	Frequency separation (Fs)
	Fs < 1400 MHz
	1400 MHz < Fs < 2400 MHz
	2400 MHz < Fs < 5200 MHz

	Primary CC at 24 GHz
	0 dB - 0.2 dB
	0.2 dB - 1 dB
	1 dB -1.5 dB

	Frequency separation (Fs)
	Fs < 1400 MHz
	1400 MHz < Fs < 2400 MHz
	2400 MHz < Fs < 6400 MHz

	Primary CC at 37 GHz
	0 dB - 0.2 dB
	0.2 dB – 0.8 dB
	0.8 dB -2.1 dB


If the common area needs to be formed between two CCs for CBM UEs, additional relaxation may also need to be applied. By only considering L+L (24+30 GHz) and H+H (37+43 GHz) cases, 0.5 dB on each CC is sufficient based on our simulations. 
Proposal 7: For CBM inter-band CA spherical coverage, allow Y dB relaxation on the secondary CC due to the beam squint effect. If the common coverage area needs to be built, additional relaxation Z dB on each CC could be added.
Observation 4: Y depends on the frequency separation between primary and secondary CCs (see Table I.) Z = 0.5 is sufficient for 24GHz + 30 GHz and 37 GHz+ 43GHz. 
4 PSD difference for inter-band CA
4.1 PSD difference for CBM UEs
For CBM UEs, it has been discussed in [4] that the UE has no capability to operate with the power imbalance more than a certain level.  Therefore, it becomes less meaningful to define the test case with any power imbalance for CBM UEs. From the field operation aspect, the CBM UEs is for co-located scenario as discussed previously and thus the power imbalance is expected to be small anyway in the field, and thus it is reasonable to set the PSD imbalance to be 0 dB in the conformance test. 
Proposal 8: Define the PSD imbalance as 0 dB for the CBM inter-band CA DL EIS.

4.2 PSD difference for IBM UEs
IBM UEs need to operate with both co-located and non-co-located deployment scenarios. Therefore, IBM UEs shall be able to beamform towards different directions and handle larger PSD imbalance then CBM UEs. It is reasonable to test the inter-band CA EIS with a moderated PSD imbalance to verify the UE capability (partially at least) on IBM and also differentiate from CBM UEs.  
Regarding the value of PSD difference, despite the fact that some previous contribution addresses the possibility that a significant power imbalance may happen in the field, the question comes down to that whether the secondary CC would still be active under such a circumstance? For example, if we assume that the primary CC is deployed at 28 GHz (higher power) and the secondary CC is deployed at 39 GHz (lower power). Considering the relative tight link budget in FR2, the channel quality of secondary CC is likely not sufficient to support an inter-band CA operation if it is more than 25 dB below the primary CC, and the inter-band CA operation will be de-activated. 
From the UE implementation aspect, if a common gain control would be adopted for both CCs, the gain control might be chosen in favor of the primary CC to avoid lowering SNR on the primary CC due to saturation. Consequently, the signal level of secondary CC might be pushed below the noise floor. 
In addition, some concerns regarding the testability issues have also been presented in previous meetings. Therefore, we think to test the inter-band CA with a moderate power imbalance, e.g., 6.5 dB, is a more practical and reasonable selection. 
Proposal 9: Define the PSD imbalance as 6.5 dB for the IBM inter-band CA DL EIS.
5 Conclusions
In this contribution, we make the following observations and conclusions: 
Observation 1: A CBM UE is assumed to support the co-located deployment scenarios. An IBM UE is assumed to support both co-located and non-co-located deployment scenarios. Configuration of a DL inter-band CA based on these indicated UE capabilities is up to the gNB.
Observation 2: To guarantee the UE inter-band CA performance under the co-located deployment scenario, the common spherical coverage area is needed in the EIS test. 
Observation 3: X = 2.5 on each CC can guarantee the UE to meet the common spherical coverage requirement for 24 GHz + 43 GHz. 
Observation 4: Y depends on the frequency separation between primary and secondary CCs (see Table I.) Z = 0.5 is sufficient for 24GHz + 30 GHz and 37 GHz+ 43GHz. 
Proposal 1: Introduce CBM/IBM for inter-band CA as an NR UE per-band combination capability for DL and UL in Rel-16 (regardless if requirements are completed or not). Support of IBM for a band combination implies support of CBM.

Proposal 2: Support of co-located and/or non-co-located deployment capability per band pair need not be UE capability from a beam management viewpoint, CBM or IBM indication suffices. 

Proposal 3: The beam management capability shall not be linked to the discussion on MRTD and timing/synchronization requirements. 
Proposal 4: The spherical coverage requirements for inter-band CA shall be defined in a way that it can guarantee enough UE minimum performance under the desired deployment scenarios. 

Proposal 5: Adopt the requirement on solid angles, described by directions that simultaneously meet the inter-band CA spherical coverage for both bands, with the common area of 50 % for both IBM and CBM UEs, with the single AoA test setup. 

Proposal 6: For IBM inter-band CA spherical coverage, allow X dB relaxation on each CC to enable the UE to form the common spherical coverage. 

Proposal 7: For CBM inter-band CA spherical coverage, allow Y dB relaxation on the secondary CC due to the beam squint effect. If the common coverage area needs to be built, additional relaxation Z dB on each CC could be added.

Proposal 8: Define the PSD imbalance as 0 dB for the CBM inter-band CA DL EIS.

Proposal 9: Define the PSD imbalance as 6.5 dB for the IBM inter-band CA DL EIS.
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