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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our view on feasibility for inter-band DL CA configurations. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In last RAN4 meeting, some WFs were made for inter-band DL CA with CBM and IBM. 
Based on the WFs, we would like to discuss feasibility for inter-band DL CA.
R4-2103111 [1]
	WF : FR2 UEs that support inter-band DL CA with IBM 
· The definition of IBM will be introduced in 38.101-2
· IBM (Independent Beam management): A UE that supports inter-band CA with IBM selects its DL Rx beam(s) for all CCs in each configured band based on DL reference signals measurements made in that band

· RAN4 will not label CBM or IBM as a default BM method for any band combination. Used beam management is based on UE capability. This issue is not discussed anymore in RAN4

· IBM inter-CA requirement framework established for n260+n261 shall be at least applied to any requested CA band pair from different frequency groups (parameter values discussed separately)

· Further discuss whether IBM inter-CA requirement framework established for n260+n261 shall be applied to any requested CA band pair from the same frequency group (parameter values discussed separately)

· The FR2 inter-band DL CA, maximum input level, ACS, and in-band blocking requirement are band combination agnostic and shall be reused for any new FR2 inter-band combinations.
· Apply release independent approach from Rel-16 to inter-band CA including intra-band contiguous CA with maximum number of bands is 2 bands. 
· Further discuss maximum number of CCs for such combinations. 
· Option 1: no need to limit the maximum number of CCs
· Option 2: maximum number of CCs is FFS, but at least 12

· Further discuss how to define the relaxation values of FR2 inter-band CA between the low band group (n257, n258 or n261) and high band group (n259 and n260) for IBM.
· Option 1: the same relaxation values as the ones for CA_n260-n261, i.e., 3.5 dB for all these band pair.
· Option 2: The relaxation values should be further discussed based on per band pair case by case.
· Option 3: The relaxation values for CA_n260-n261 are reused as the ones for CA_n258-n260 and CA_n257-n259. For other band pairs, we should be further discussed based on per band pair case by case.




R4-2103399 [2]
	WF : FR2 UEs that support inter-band DL CA with CBM
· Definition of CBM 
· CBM: (Common Beam Management) A UE that supports inter-band CA with CBM selects its DL Rx beam(s) for all CCs in all configured bands based on DL measurements made in the only CC configured with the reference signal for beam management.
· Note the above definition is based on the agreement on next page “Beam management reference signal location for FR2 CA test”
· Beam management reference signal location for FR2 CA test
· In FR2 CA cases, requirements apply when the BM RS is provided in a CC with a configured UL BWP

· UE Requirements for inter-band DL CA within the same frequency group based on CBM
· Define UE requirements for inter-band CA within the same freq. group (e.g. 28GHz + 28GHz) for common beam management (CBM) based on requested band combinations.
· Requirement framework for inter-band DL CA within the same frequency group based on CBM: 
· REFSENS relaxations
· FFS: for CBM between overlapping or touching bands, REFSENS relaxations structure shall follow intra-band CA 
· REFSENS relaxations values are band combination dependent
· REFSENS relaxation shall be a function of frequency span between the configured DL CCs.
· FFS whether EIS spherical coverage requirements shall not be specified 
· Specify same requirements for maximum input level, ACS and in-band blocking as that for intra-band CA scenarios

· Network deployment for inter-band DL CA based on CBM
· There are no deployment restrictions (Non-co-located/co-located) for network to configure inter-band DL CA for CBM UEs. 
· UE RF requirements for CBM shall be derived based on co-located deployment scenario only.

· Fs_inter_CBM for inter-band DL CA within same frequency group based on CBM
· RAN4 needs to further discuss whether or not introduce ‘Fs_inter_CBM’ as UE capability to indicate the maximum frequency span between lower edge of lowest CC and upper edge of highest CC in FR2 inter-band CA based on CBM which UE can support (as Fs in 5.3A.4 of TS38.101-2)




Feasibility study for CA configurations within same frequency group based on IBM
In UE aspect, UE can support inter-band DL CA within same frequency group based on either IBM or CBM. Therefore, either IBM or CBM can be feasible with UE capability for inter-band DL CA within same frequency group.
Proposal 1: For inter-band DL CA within same frequency group, either IBM or CBM is applicable as per UE capability.

Band pair for inter-band DL CA with same frequency group (eg. L+L or H+H) can be as follows. 
· L + L : n257 + n258, n257+n261, n258+n261
· H+ H : n259+n260	 
Here, n257+n261 is not expected to be configured as inter-band DL CA because n261 is entirely within n257. 
If new band combination of L+L or H+H is defined for inter-band DL CA based on IBM , corresponding Rx RF requirements such as reference sensitivity and EIS spherical coverage should be defined.
In Rel-16, Rx RF requirements of inter-band DL CA was specified for n261 + n260 (L+H) with relaxation for reference sensitivity and EIS spherical coverage based on IBM UE.
· Reference sensitivity relaxation : ΔRIB,P,n	([3.5]dB) 
· EIS spherical coverage relaxation : ΔRIB,S,n	 ([3.5]dB)
The relaxation for L+L or H+H can be different from Rel-16 L+H.
If L+L or H+H band pair is introduced for inter-band DL CA based on IBM UE in Rel-17, the relaxation for reference sensitivity and EIS spherical coverage needs to be specified. However, L+L or H+H band pair should be requested by interested companies.
Proposal 2: For inter-band DL CA within same frequency group based on IBM, whether or not to reuse Rel-16 reference sensitivity relaxation and EIS spherical coverage relaxation should be investigated for corresponding band combination.

Feasibility study for CA configurations within different frequency group based on CBM
· Beam forming parameters
In general, beam forming parameters are related to frequency. If inter-band DL CA is configured with different frequency group, L+H (e.g, 28GHz + 39GHz), difference of frequencies between CCs is very high. With common beam, optimal beam forming cannot be performed due to the big difference of frequency even though co-located deployment. This can result in high performance degradation.
·  Rx beam switch
In Rel-16, MRTD of 8us was specified for inter-band DL CA regarding IBM and non-collocated deployment. Herein, 8us was calculated from TAE(3us) + Tpropagation(5us). 
For inter-band DL CA based on CBM, the followings were agreed in WF[2].
· There are no deployment restrictions (Non-co-located/co-located) for network to configure inter-band DL CA for CBM UEs. 
· UE RF requirements for CBM shall be derived based on co-located deployment scenario only.

If agreement of UE RF requirements for CBM can be applied to RRM requirements, MRTD can be specified based on co-located deployment scenario only. It means MRTD can be equal to TAE in inter-band CA. In Rel-16, TAE of 3us was specified for inter-band CA. If MRTD is defined with 3us which is larger than CP length in FR2, it means that symbol boundary among CCs is not aligned within CP. 
Figure2.1 is one example of Rx beam switch for CBM UE with following assumptions.
· Co-located deployment
· MRTD of 3us : larger than CP
· Same UL-DL configuration for inter-band CA
Three positions of Rx beam switch, T1, T2 and T3, are considered to discuss the impact on performance degradation. It is important how to minimize performance degradation due to Rx beam switch. 


Figure 2.1 Example of Rx beam switch for CBM UE

At T1 and T3, there is no DL data on CC2. At T2, DL data on CC2 is overlapped with Rx beam switch.
· T1 : It is located at the start of the first downlink symbol (including CP) which is earliest among CCs after transition time NTx-Rx. 
· T2 : It is located at downlink symbol boundary between contiguous DL symbols on CC1 and within DL symbol on CC2.
· T3 : It is located at downlink symbol boundary between contiguous DL symbols on CC1 and no DL symbol on CC2.
Herein,
· Tpropagation : Propagation delay Time
· TAE : Timing Alignment Error in gNB (3us based on Rel-16)
· NTx-Rx : Transition time from Tx to Rx in Table4.3.2-3 of TS38.211 (13792Tc = 7us for FR2). 
· A UE is not expected to receive in the downlink earlier than NTx-Rx after the end of the last transmitted uplink symbol in the same cell.
· NTAoffset : TA offset (13792Tc = 7us for FR2)

For Rx beam switch at T1, there is no interruption on DL data on CC2 due to Rx beam switch. However, Rx beam switch in UL-DL switch is not guaranteed because Rx beam switch can be performed at any DL symbol boundary.
For Rx beam switch at T2, performance degradation can occur on CC2 since Rx beam switch is performed within symbol on CC2 if MRTD is larger than CP. And, Rx beam switch can occur frequently according to channel condition such as moving and environment around UE. As a result, performance degradation can be significant in some condition.
For Rx beam switch at T3, there is no interruption on DL data on CC2 due to Rx beam switch. However, Rx beam switch in no DL symbol on other CC is not guaranteed.
As a result, performance degradation due to Rx beam switch can occur on one of CCs in case that MRTD is larger than CP. On the other hand, if MRTD is less than CP, performance degradation due to Rx beam switch is not expected.
Proposal 3: For CBM on inter-band DL CA, performance degradation due to Rx beam switch should be allowed if MRTD is defined that is larger than CP.

CBM/IBM vs simultaneousRxTxInterBandCA
In Rel-16, UE capability of supporting simultaneous transmission and reception was defined by parameter simultaneousRxTxInterBandCA in FR1. The simultaneousRxTxInterBandCA is applicable for different UL-DL configuration. 
In aspect of configuration, for inter-band CA with same frequency group, same UL-DL configuration is expected. 
Proposal 4: For inter-band CA within same frequency group, simultaneous Rx/Tx capability is not applicable. 
[bookmark: _GoBack]Conclusion
In this contribution, we provided our views on feasibility for inter-band DL CA configuration based on the agreed WFs in last meeting. Proposals are as follows.

Feasibility study for CA configurations within same frequency group based on IBM
Proposal 1: For inter-band DL CA within same frequency group, either IBM or CBM is applicable as per UE capability.
Proposal 2: For inter-band DL CA within same frequency group based on IBM, whether or not to reuse Rel-16 reference sensitivity relaxation and EIS spherical coverage relaxation should be investigated for corresponding band combination.

Feasibility study for CA configurations within different frequency group based on CBM
Proposal 3: For CBM on inter-band DL CA, performance degradation due to Rx beam switch should be allowed if MRTD is defined that is larger than CP.

CBM/IBM vs simultaneousRxTxInterBandCA
Proposal 4: For inter-band CA within same frequency group, simultaneous Rx/Tx capability is not applicable. 
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