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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our view on RF core requirements for FR2 inter-band CA within same frequency group based on CBM. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In last RAN4 meeting, some issues on inter-band DL CA were discussed but did not make a consensus.  We would like to discuss Fs_inter_CBM and reference sensitivity requirements.
For Fs_inter_CBM in UE capabilities, the discussion points were captured in [2] through 1st round and GTW. 
	Issue 2-1-3: UE capability Fs_inter_CBM
	GTW Session
Discussion Points:  Introduce the UE capability Fs_inter_CBM for inter-band DL CA with CBM within the same frequency group.
a. There is no relaxation of sensitivity requirements specific for separation factor for CBM within the same frequency group.
b. Network is allowed not to configure the wider aggregated bandwidth than Fs_inter if UE does not report the capability for a band combination.
c. The capability of UE is functional capability.
Recommendations for 2nd round:
Continue discussion under FR2 DL CA based on CBM email discussion and WF.



The 2nd round comments are captured in [2] for a continuation of the discussion.
	Company
	Comments

	Qualcomm
	Fs_inter_CBM breaks the notion of what inter-band CA is. We do not support introducing such a capability. 

Band capability implies that a UE must be able to be configured with one CC anywhere in a band for which it declares support. Inter-band CA capability therefore implies that the UE must be simultaneously configurable as described above in 2 bands. i.e The Inter-band feature is the aggregation of one CC anywhere in one band with one CC anywhere in another band. 

In response to a comment made on this topic by another company: The existence of frequency separation class is irrelevant to the basic inter-band CA consideration. FS is about intra-band non-contiguous CA and would be relevant for a combined inter- + intra- NC CA application.

A UE should not be declaring inter-band capability for a band combination if it cannot meet the following condition: the UE must be simultaneously configurable with one CC anywhere in one band and a second CC anywhere in the second band in the band combination.

	LG Electronics
	Support to introduce ‘Fs_inter_CBM’. During 1st round and GTW, majority view is to introduce it. And, why it is needed has been provided many times during several meetings.  
From GTW, we think that discussion points are  ‘a’, ‘b’ and ‘c’ for ‘Fs_inter_CBM’.
For ‘a’, we think that the relaxation of sensitivity is related to the separation factor.
For ‘c’, we think the relaxation should be considered together for the functional capability.   

	Sony
	We think it maybe helpful to align on some high-level agreement first, e.g., the wording suggested by Qualcomm: “A UE should not be declaring inter-band capability for a band combination if it cannot meet the following condition....” before we further discuss the FS_inter_CBM capability itself. 

	OPPO
	Agree with LGE.

	MediaTek
	We share similar view with LG about: 
· Support to introduce ‘Fs_inter_CBM’. During 1st round and GTW, majority view is to introduce it. And, why it is needed has been provided many times during several meetings.  
The benefit is obvious, while ‘Fs_inter_CBM’ is introduced, network can do well configuration based on UE capability for inter-band CA operation.


	Huawei, HiSilicon
	We already agree: Both single chain and multi chain are under CBM architecture. For single chain architecture, the UE is definitely need to indicate its capability on Fs_inter_CBM to NW. So should introduce this capability if allow single chain architecture.
The logic from QC does not make sense. For intra-band NC CA, the common understanding UE should support CCs positioned at any frequencies. But considering the  architecture, we  define separation class for intra-band NC CA in rel-15 and further extend in Rel-16. With the logic, inter-band CA CBM should also apply with this.

	Xiaomi
	Agree with LGE and Huawei. I think the notion of inter-band CA will be broken as soon as we use inter-band CA with CBM within same frequency group no matter introducing Fs_inter_CBM. Actually, the Rx requirements for inter-band CA with CBM (in below WF) have broken the notion of what inter-band CA is.

	Nokia
	We agree with Qualcomm that if UE advertises a band combination capability (which is optional) then it must be able to support all possible CC placements. Hence we do not support this capability but as we have mentioned we can allow some relaxations on REFSENS based on CC separation.

	Apple
	We don’t agree with the point a), which is the introduction of FS_inter_CBM with no relaxation for the sensitivity requirements. Agreeing on not having any relaxation for the sensitivity requirements will exclude support of UEs with single-chain architecture for CBM. RAN4 minimum requirements should not preclude any potential architecture. 
The frequency separation for inter-band CA for bands within the same frequency group can be up to 6.5 GHz and in the current specification, there has been defined relaxation for frequency separation beginning with 800 MHz. Thus, we don’t understand the proposal to not define relaxation for frequency separations larger than 800 MHz.

	ZTE
	We agree with Qualcomm that the Inter-band feature is the aggregation of one CC anywhere in one band with one CC anywhere in another band. 



As seen in some companies’ comments, ‘FS_inter_CBM’ is relevant to UE supporting CBM based inter-band DL CA in same frequency group. For the UE architecture, RAN4 agreed to define CBM requirements in such a manner that both single chain and multi-chain architectures are possible. IBM based inter-band DL CA was assumed to be implemented with multiple chains.
For CBM based inter-band DL CA, the frequency separation in bands can be up to 6.5GHz within same frequency group. Considering single chain architecture, some UEs can support the CBM based inter-band DL CA with different frequency separation. If the frequency separation is maximum separation in bands, it means that the UE supports the aggregation of one CC anywhere in one band with one CC anywhere in another band. If the frequency separation is smaller than maximum separation in bands, does it not support the inter-band DL CA feature? We don’t think so, because there is no problem to serve CBM based inter-band DL CA with the frequency separation.
Some companies’ concern is ‘Fs_inter_CBM’ breaks the notion of what inter-band CA is. However, it is not a technical issue. 

Proposal 1: Introduce ‘Fs_inter_CBM’ as UE capability to indicate the maximum frequency span between the lower edge of lowest CC and the upper edge of highest CC in FR2 inter-band DL CA based on CBM which UE can support.

For reference sensitivity requirements, GTW agreement was captured in [2]. 
	Issue 2-3-3: Spherical coverage
Issue 2-3-4: REFSENS testing scheme
	1. GTW Agreement: RAN4 agree to introduce REFSENS and EIS spherical coverage requirements based on IBM inter-band CA framework.
a. FFS on the values for the requirements
b. FFS whether there is PSD difference and what is the difference
c. FFS the impact of frequency separation




The 2nd round comments are captured in [2] for continuation of discussion.
	Company
	Comments on 1.a

	
	

	Company
	Comments on 1.b

	Qualcomm
	PSD restriction is motivated by need to accommodate single chain Rx. ‘Equal PSD’ is the test condition for intra-band CA, but that may not work well for inter-CA: Noise figures and peak antenna gains in any AoA could differ across the bands, so connection may be not maintained in both bands when DL power is adjusted down to sensitivity level for one of them. ‘Minimized PSD difference’ is therefore the practical goal on 1.b. In our view, the PSD limitation exists for single chain UEs because it uses a single gain state for both bands. In intra-band CA sensitivity requirements, ‘equal PSD’ intends to maintain equal PSD in sections of hardware optimized by gain state.  (‘conducted domain’). For CBM inter-CA, the goal should therefore be to minimize PSD difference in the conducted domain.

	Samsung
	Agree with Qualcomm analysis. 
It is correct interpretation of “equal PSD” for CBM inter-band CA to minimize PSD difference in the conducted domain.

	Huawei, HiSilicon
	We cannot agree with QC proposal on PSD difference. Big difference between conducted domain and OTA domain only exist with some implementations. We should not define requirement specifically for some implementations.
From gNB perspective, PSD difference should be defined on the plane before the antenna array, because gNB cannot know what is UE’s status on its conducted domain.

We can go with simply define on the PSD difference requirement. Considering CBM UE can also work for non-collocated deployment, equal PSD requirement may have impact on supporting more deployment.

	Nokia
	We understand Huawei’s comment that non-collocated deployments cannot guarantee “equal PSD” but we also know that single chain UEs cannot handle large PSD difference and as RAN4 has agreed to do requirements so that both single and multi-chain are feasible some kind of PSD limitation is needed for CBM compared to IBM.

	DOCOMO
	It should be clarified that this is a discussion about CBM within same frequency group. For CBM between different frequency groups, in this meeting, study phase can be completed for architecture with multiple RF chains. Further discussion may be needed to agree on the issue of next phase.
In addition, RAN4 has agreed to define requirements such way that both single and multi-chain are possible. However, in our understanding, this is an agreement on CA within same frequency group. This had been divided by the topic clearly when it is discussed. For CA between different frequency groups, even "Reference architecture" has not been agreed. If we have a misunderstanding, please teach us. It has been vaguely discussed, so we would like to clarify.

Based on DOCOMO’s analysis when we discussed on IBM, for CA between different frequency groups, the PSD difference is necessary even if co-located scenario is assumed. Therefore, we think that the feasibility of the single chain is FFS.
For CA within same frequency group, it is necessary to minimize PSD difference based on limitation of single chain, but it is not "equal PSD".

	Apple
	We support the argument shared by Qualcomm to minimize the PSD difference for CBM inter-band CA.

	
	

	Company
	Comments on 1.c

	LG Electronics
	Relaxation for REFSENS and EIS spherical needs to be defined considering frequency separation like that of Rel-16 intra-band NC CA. Comparing to the intra-band NC CA, the extended frequency separation is expected. The following table is one example. Here, up to 2400MHz, it can be same as the intra-band NC CA. 
Table. Relaxation of REFSENS/EIS spherical
	Frequency separation (MHz)
	 (dB)

	≤ 800
	0.0

	> 800 and ≤ 1400
	0.5

	> 1400 and ≤ 2400
	1.5

	> 2400 and ≤ 3400
	X1

	> 3400 and ≤ 4400
	X2

	> 4400 and ≤ 5400
	X3

	> 5400 and ≤ 6400
	X4



FFS : X1, X2, X3 and X4

	Sony
	We agree that the frequency separation should be considered. However, we prefer to define the requirement per band pair (same as IBM), rather than introducing a table with gradually increased relaxation values. We think the requirement framework should be unified between CBM and IBM since both are for inter-band CA. 

	Nokia
	As we have stated we should acknowledge this in writing the requirements with the understanding that Fs_interband is not introduced. Sony proposal is attractive.

	Apple
	The network configuration for CBM provides the RS on the PCell only, and the SCell beam performance is degraded, since the beam of CC2 will choose its beam based on the measurement performed in CC1. For the EIS relaxation we need to consider the beam performance degradation compared to the IBM architecture, the analysis has to take into account the frequency separation ranges.



For the impact of frequency separation, there can be 2 options. 
· Option 1: frequency separation per band pair
· Option 2: multiple frequency separation considering ‘FS_inter_CBM’ 
For option 1, single frequency separation which corresponds to maximum frequency separation is considered per band pair. On the other hand, for option 2, multiple frequency separations are considered regarding ‘FS_inter_CBM’. For CCs which are configured with the smallest frequency separation in bands, if option 1 is applied, the requirements of REFSENS and spherical coverage can be over relaxed. In this case, option 2 can be more proper not to over relaxed.  
Table 2.1 shows one example of REFSENS for CBM based inter-band CA within same frequency group.

Table 2.1. Relaxation of REFSENS/EIS spherical for CBM based inter-band CA within same frequency group
	Frequency separation (MHz)
	 (dB)

	≤ 800
	0.0

	> 800 and ≤ 1400
	0.5

	> 1400 and ≤ 2400
	1.5

	> 2400 and ≤ 3400
	X1

	> 3400 and ≤ 4400
	X2

	> 4400 and ≤ 5400
	X3

	> 5400 and ≤ 6400
	X4



For X1, X2, X3 and X4, compared to the existing ΔRIB,P,n reference sensitivity relaxation for inter-band CA for power class 3, the values can be expected to be less than 3.5dB because the frequency separation in same frequency group is less than frequency separation of different frequency group.
FFS : X1, X2, X3 and X4


Proposal 2: Define REFSENS and EIS spherical requirement with frequency separations considering ‘FS_int_CBM’.

Conclusion
In this contribution, we provided our views on Fs_inter_CBM and reference sensivitiy requirements for CBM based inter-band DL within same frequency group. Proposals are as follows.

[bookmark: _GoBack]Proposal 1: Introduce ‘Fs_inter_CBM’ as UE capability to indicate the maximum frequency span between the lower edge of lowest CC and the upper edge of highest CC in FR2 inter-band DL CA based on CBM which UE can support.
Proposal 2: Define REFSENS and EIS spherical requirement with frequency separations considering ‘FS_int_CBM’.
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