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1 Introduction
Rel-17 WI for UE RF FR2 enhancement was approved in RAN#93 [1]. DL inter-band CA is a one of the objectives of the WI. At the last RAN4 meeting, DL CA between different freq. groups with CBM was concluded to be feasible. Therefore, further discussion is needed to define UE requirements for inter-band CA between different freq. groups with CBM. This paper shows our views on CBM requirements for CA between different freq. groups.
2 Discussion
2.1 Background

Rel-17 revised WID for UE RF FR2 enhancement was approved in RAN#93 [1]. Table 2.1-1 shows current status of FR2 inter-band DL CA. Also, the excerpt from the WID is shown below:
Table 2.1-1: Current status of FR2 inter-band DL CA

	
	Same frequency group

(28GHz+28GHz or 40GHz+40GHz)
	Different frequency group

(28GHz+40GHz)

	CBM
	Discussion stage for defining UE requirements in Rel-17
	Discussion stage for defining UE requirements in Rel-17

	IBM
	On hold until there is operator request or CBM requirements are finalized for one band combo.
	Defined UE requirements in Rel-16. Some band combos were specified in Rel-16 and Rel-17.




Excerpt from WID [1]

· Inter-band DL CA enhancements [RAN4 RF/RRM]

· Study and if feasible define UE requirements for CBM between different freq. groups (e.g. 28GHz + 37GHz). (Study concluded to be feasible in RAN4#100)

· Define UE requirements for inter-band CA within the same freq. group (e.g. 28GHz + 28GHz) and between different freq. groups (e.g. 28GHz + 37GHz) for common beam management (CBM) based on requested band combinations. Evaluate performance impact based on deployment conditions and design constraints, including outcome of MRTD requirement if any.



In RAN4#100-e, we discussed whether to CBM between different freq. groups is feasible. Some companies showed that it is feasible and study phase can be completed. Therefore, DL CA between different freq. groups with CBM was concluded to be feasible. However, keep in mind that the target of this agreement is only multiple Rx chain architecture, and further discussion is needed for single Rx chain architecture. The excerpt from the approved WF for CBM at the last meeting [2] is shown below:


Excerpt from WF on FR2 DL CA based on CBM [2]
· WF – General

· GTW agreements referenced in this WF are originally recorded in R4-2114729, ‘Email discussion summary for [100-e][129] NR_RF_FR2_req_enh2_Part_1’, Moderator (Nokia), RAN4#100-e

· GTW Agreement: CBM between different frequency groups is feasible and study phase can be completed at least for architecture with multiple RF chains.

· WF – Sensitivity Requirements

· GTW Agreement: RAN4 agree to introduce REFSENS and EIS spherical coverage requirements based on IBM inter-band CA framework.

· FFS on the values for the requirements

· FFS whether there is PSD difference and what is the difference

· FFS the impact of frequency separation



It is needed to discuss on UE requirements for inter-band CA between different freq. groups with CBM because study phase is completed. Based on above discussion, we will focus on sensitivity requirements. This paper is for discussion about our views on sensitivity requirements for FR2 inter-band DL CA between different freq. groups with CBM.  
2.2 RF requirements for CBM between different frequency groups 
For inter-band CA requirements with CBM, RAN4 agreed to introduce maximum peak EIS and EIS spherical coverage requirements based on IBM framework. The values for these requirements and PSD difference are discussed.
Some companies explained at the last meeting that CBM should have smaller allowed PSD difference than IBM. Especially, they think that the PSD limitation exists for single chain UEs because it uses a single gain state for both bands. This is a view that should be respected based on the following agreements in RAN4 #99-e.


Excerpt from WF on CBM UE architecture [3]
· WF – General

· Agreement: RAN4 agrees to define CBM requirements in such manner that both single chain and multi chain architectures are possible.



However, it should be remembered that the above is an agreement based on the discussion of DL CA within same freq. group. For DL CA between different freq. groups with CBM, the most important thing to note is that the study phase was just completed at the last meeting and it is only feasible for multiple Rx chains. Therefore, it is not appropriate that minimize PSD limitation is introduced based on the case of single Rx chain. It should be considered based on the multiple Rx chains.
Observation 1: For DL CA within same freq. group, PSD limitation of CBM requirements should be derived by considering both single Rx chain and multiple Rx chains. Therefore, PSD limitation exists for single chain UEs.
Proposal 1: For DL CA between different freq. groups, PSD limitation of CBM requirements should be derived by considering multiple Rx chains. Therefore, there is no need to consider PSD limitations resulting from single-Rx chain.
Proposal 2: To discuss each CBM requirement, it is necessary to show clearly whether the topic targets are the different freq. groups or the same freq. group. The discussion should be clearly separated.
At past meetings, we provided a simulation analysis of PSD difference. It shows that 30dB PSD difference may occurs as a worst case and about 10dB PSD difference as an expected median value for CA between different freq. groups regardless of co-located or non-col-located deployment assumption. The values of PSD difference will be highly controversial, but the important point is that the PSD difference is also required in the co-located deployment. CBM requirements for CA within same freq. group may not require big PSD difference, but CBM requirements for CA between different freq. groups require PSD difference equivalent to IBM.
Observation 2: The big PSD difference is required for CA between different freq. groups regardless of co-located or non-col-located deployment assumption.
Proposal 3: CBM requirements for CA between different freq. groups require PSD difference equivalent to IBM.
Based on the above considerations, we discuss the requirement values for CBM. Maximum peak EIS and EIS spherical coverage requirements for CA_n260-n261 with IBM and relaxation values for them are shown table below as a reference.
Table 2.2-1: Maximum peak EIS requirements for CA_n260-n261 with IBM for PC3
	Channel bandwidth
	Case1: Tested band is n260

	
	Tested band (n260)
	Untested band (n261)
	PSD difference

	50 MHz
	-85.7 dBm
	-77.4 dBm
	(-) 8.3 dB

	100 MHz
	-82.7 dBm
	-74.4 dBm
	

	200 MHz
	-79.7 dBm
	-71.4 dBm
	

	400 MHz
	-76.7 dBm
	-68.4 dBm
	

	

	Channel bandwidth
	Case2: Tested band is n261

	
	Tested band (n261)
	Untested band (n260)
	PSD difference

	50 MHz
	-88.3 dBm
	-73.1 dBm
	(-) 15.2 dB

	100 MHz
	-85.3 dBm
	-70.1 dBm
	

	200 MHz
	-82.3 dBm
	-67.1 dBm
	

	400 MHz
	-79.3 dBm
	-64.1 dBm
	


Table 2.2-2: ΔRIB,P,n REFSENS relaxation for CA_n260-n261 with IBM for PC3
	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	3.5

	
	n261
	3.5


Table 2.2-3: EIS spherical coverage requirements for CA_n260-n261 with IBM for PC3
	Channel bandwidth
	EIS at 50th %-tile CCDF (common coverage)
	PSD difference

	
	n260
	n261
	

	50 MHz
	-73.1 dBm
	-77.4 dBm
	(+) 4.3 dB

	100 MHz
	-70.1 dBm
	-74.4 dBm
	

	200 MHz
	-67.1 dBm
	-71.4 dBm
	

	400 MHz
	-64.1 dBm
	-68.4 dBm
	


Table 2.2-4: ΔRIB,S,n EIS spherical coverage requirement relaxation for CA_n260-n261 with IBM for PC3
	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	3.5

	
	n261
	3.5


The above is the requirements to guarantee the reception performance for CA_n260-n261, but CBM for CA between different freq. groups may have smaller allowed PSD difference than IBM. However, as mentioned above, the PSD difference should be as close as possible with IBM. Therefore, for maximum peak EIS requirements and EIS spherical coverage requirements, it is appropriate that IBM requirements should be reused. If PSD difference should be smaller, the relaxation values of them should be modified. In addition, further increase in relaxation values may be needed due to the beam squint and other factors. Based on the results of analysis from each company, we need to determine the X and Y in the Table 2.2-5 and Table 2.2-6.
Table 2.2-5: ΔRIB,P,n REFSENS relaxation for CA_n260-n261 with CBM for PC3
	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	3.5 + X1

	
	n261
	3.5 + Y1


Table 2.2-6: ΔRIB,S,n EIS spherical coverage requirement relaxation for CA_n260-n261 with CBM for PC3
	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	3.5 + X2

	
	n261
	3.5 + Y2


Proposal 4: For maximum peak EIS requirements and EIS spherical coverage requirement, IBM requirements are reused.
Proposal 5: If PSD difference should be smaller, the relaxation values are modified. For example, for CA_n260-n261, we need to determine the X and Y in the Table 2.2-5 and Table 2.2-6. X and Y are as small as possible.
3
Conclusion

This paper showed our views on UE requirements for FR2 inter-band DL CA between different freq. groups with CBM. Here we summarize our observations:

Observation 1: For DL CA within same freq. group, PSD limitation of CBM requirements should be derived by considering both single Rx chain and multiple Rx chains. Therefore, PSD limitation exists for single chain UEs.
Proposal 1: For DL CA between different freq. groups, PSD limitation of CBM requirements should be derived by considering multiple Rx chains. Therefore, there is no need to consider PSD limitations resulting from single-Rx chain.
Proposal 2: To discuss each CBM requirement, it is necessary to show clearly whether the topic targets are the different freq. groups or the same freq. group. The discussion should be clearly separated.

Observation 2: The big PSD difference is required for CA between different freq. groups regardless of co-located or non-col-located deployment assumption.
Proposal 3: CBM requirements for CA between different freq. groups require PSD difference equivalent to IBM.
Proposal 4: For maximum peak EIS requirements and EIS spherical coverage requirement, IBM requirements are reused.
Proposal 5: If PSD difference should be smaller, the relaxation values are modified. For example, for CA_n260-n261, we need to determine the X and Y in the Table 2.2-5 and Table 2.2-6. X and Y are as small as possible.
Table 2.2-5: ΔRIB,P,n REFSENS relaxation for CA_n260-n261 with CBM for PC3
	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	3.5 + X1

	
	n261
	3.5 + Y1


Table 2.2-6: ΔRIB,S,n EIS spherical coverage requirement relaxation for CA_n260-n261 with CBM for PC3
	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	3.5 + X2

	
	n261
	3.5 + Y2
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