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1 Background
In RAN4#101-e, FR2 UEs that support inter-band DL CA with CBM has been further discussed, where following WF have been approved with the following agreements and open issues [1]: 
1. WF – UE capability ‘both’, context: {ibm, cbm, both}
1. UE with both CBM and IBM capabilities needs to meet each of requirements separately.
2. RAN4 shall send out LS to ask RAN2 to define the capability for “both” and inquire whether “both” can be release independent from Rel-16.

3. If UE supports ‘both’, UE can be configured either for IBM or CBM by the network.

2. WF – Beam management reference signal

1. The different BMRS types, i.e., configuration of CSI-RS or SSB, have no impact on DL requirements.
3. WF – Band combinations where CBM Inter-band CA requirements shall be defined

1. Same combinations between frequency groups as for IBM in current specification:
a. n257+n259

b. [n258+n260]

c. n260+n261

2. Whether to consider the case within the same frequency group, n258+n261, whose spectrum is non-overlapping. Options:

a. Capture CBM inter-band DLCA requirements for this combination in Rel-17

b. Define CBM inter-band DLCA requirements but do not capture in Rel-17 of the standard. Instead, capture methodology in TR.

c. Wait for operator demand

d. Other

Agreement on 2: FFS to include n258+n261 and come back next meeting.
4. WF – Sensitivity Requirements

1. RAN4 to specify delta_RIBs for each agreed band combination.
In this contribution, we provide our views on the requirements of CBM UEs between different frequency groups.
2 Introducing the CBM requirement to CA_n260-n261
For CA configuration with different frequency groups, the gNBs or TRxPs may still be co-located with similar PSD on each CC, and CBM UEs could be configured with collocated inter-band CA operation in FR2 even if there is a performance penalty. Moreover, with a multi-chain implementation of a CBM UE, the penalty due to the beam squint of a single-chain CBM UE can be further reduced. The main challenges of CBM UEs with multi chain would be on the beam mapping between different frequency groups. However, we anticipate that this challenge can be tackled with proper precoder optimization for inter-band CA operation. It is, therefore, feasible that CBM UEs could offer similar performance as IBM UEs under a collocated deployment scenario. 
Observation 1: It is possible for CBM UEs to offer similar performance as IBM UEs in a co-located scenario across different frequency groups. 

Currently, the band combination CA_n260-n261 is specified in TS38.101-2 with IBM only. However, considering the above, it is feasible to introduce the CBM capability into the specification for band combination CA_n260-n261 with the same relaxation factors but with a different PSD condition (minimized PSD condition) and different reference signal configurations as compared to those used for IBM. 
Another important aspect to be considered for the CBM PSD side condition is that it should be ensured that the UE can meet the sensitivity requirement on both CC simultaneously, which is necessary to ensure the device can operate properly in the real field. 
The requirements should at least make sure that the CBM UE is functional when configured for UL CA in a co-located deployment. The REFSENS requirements for PC3 for non-CA are 
Table 7.3.2.3-1: Reference sensitivity

	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-88.3
	-85.3
	-82.3
	-79.3

	n258
	-88.3
	-85.3
	-82.3
	-79.3

	n259
	-84.7
	-81.7
	-78.7
	-75.7

	n260
	-85.7
	-82.7
	-79.7
	-76.7

	n261
	-88.3
	-85.3
	-82.3
	-79.3

	n262
	-82.8
	-79.8
	-76.8
	-73.8

	NOTE 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.4


Adopting the existing (IBM) requirements also for CBM implies a 3.5-4 dB EIS relaxation per band as displayed below
Table 7.3A.2.3-1: ΔRIB reference sensitivity relaxation for inter-band CA for power class 3 
	NR CA band combinations
	NR band
	ΔRIB,P,n (dB)

	CA_n257-n259
	n257
	4.0

	
	n259
	4.0

	CA_n258-n260
	n258
	3.5

	
	n260
	3.5

	CA_n260-n261
	n260
	3.5

	
	n261
	3.5


A co-located deployment of e.g. n260+n261 with equal DL EIRP in both bands implies that the incident radiation density (PFD) is about 3 dB lower in band n260 under free-space conditions, which would correspond to a 6 dB difference in EIS levels of the two bands. Now, should the UE be operated at its required EIS levels simultaneously (around a 2.5 dB difference) in this scenario, this would require a 3.5 dB higher DL EIRP in band n260. This is not unlikely in practice, and a requirement that the EIS levels be met simultaneosly with the same relaxation factor would be relevant for verifying a collocated scenario (recognizing that 3.5 dB corresponds to a reduction of the DL coverage by one third, roughly speaking).

Similar arguments could be made for the EIS spherical coverage requirement, the incident AoA is similar (or the same) in both bands for the collocated case. 
Proposal 1: consider adopting the same relaxation factor for REFSENSE and EIS spherical coverage between CBM and IBM UEs for different frequency group. 
Proposal 2: the PSD different between the two CCs for CBM sensitivity test should be minimized while it shall ensure the devices can meet sensitivity requirement on both CCs simultaneously. 
The throughput requirement should be met in both bands simultaneously at a level less than or equal to the respective EIS
7.3A.2.3
Inter-band CA

The inter-band requirement applies for all active component carriers. The throughput for each component carrier shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.3.2 and A.3.3.2 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1) with peak reference sensitivity for each carrier specified in section 7.3.2, and relaxation ΔRIB,P,n applied  to peak reference sensitivity requirement. ΔRIB,P,n is specified in Table 7.3A.2.3-1. 
For UEs supporting a band combination with IBM, the requirement on each component carrier shall be met when the power in the component carrier in the other band is set to its EIS spherical coverage requirement for inter-band CA specified in sub-clause 7.3A.3.3.
For UEs supporting a band combination with CBM, the requirement on each component carrier shall be met simultaneously at EIS levels specified in [Table with CBM requirements] with the BMRS configured in one of the bands.
For the combination of intra-band and inter-band carrier aggregation, the intra-band CA relaxation, ΔRIB, is also applied according to the clause 7.3A.2.1 and 7.3A.2.2.
Table 7.3A.2.3-1:  ΔRIB,P,n reference sensitivity relaxation for inter-band CA for power class 3

3 Proposal
In this contribution, we make the following observations and conclusions for the CBM inter-band DL CA in FR2: 
Observation 1: It is possible for CBM UEs to offer similar performance as IBM UEs in a co-located scenario across different frequency groups. 
Proposal 1: consider adopting the same relaxation factor for REFSENSE and EIS spherical coverage between CBM and IBM UEs for different frequency group. 

Proposal 2: the PSD different between the two CCs for CBM sensitivity test should be minimized while it shall ensure the devices can meet sensitivity requirement on both CCs simultaneously. 
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