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1 Introduction
Rel-17 WI for UE RF FR2 enhancement was approved in RAN#94 [1]. DL inter-band CA is a one of the objectives of the WI. Due to UE implementation limitations, there are concerns that UE cannot support CA between CCs with large frequency separation. The UE capability, which indicates the frequency separation that the UE can support, was discussed at the last meeting, but RAN4 have not reached an agreement about this capability. In this paper, we analyze the reasons why RAN4 could not reach an agreement and propose again new UE capability to solve them.
2 Discussion
2.1 Background

Rel-17 revised WID for UE RF FR2 enhancement was approved in RAN#94. 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 (FFS to include n258+n261)
	Discussion stage for defining UE requirements in Rel-17 (n257+n259, [n258+n260], n260+n261)

	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]

· 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.



Since the frequency separation between CCs of FR2 inter-band CA is very large, there is a limit to the frequency separation that can be supported by UE implementation limitations. Therefore, it has been proposed to introduce Fs_inter_CBM as a new UE capability to indicate the maximum frequency separation between CCs that UE can support. In RAN4#101-e, many companies showed the view on this capability [2], but RAN4 have not reached an agreement about this capability. In this paper, we analyze the reasons why RAN4 could not reach an agreement and propose again new UE capability to solve them.
2.2 Existing proposals and concerns for frequency separation
The opinions of each company are divided on whether or not to introduce Fs_inter_CBM as a new UE capability to indicate the maximum frequency separation between CCs, and there was no progress in the discussion. The options and views showed at the last meeting are listed below.
Table 2.2-1: The options and views about Fs_inter_CBM

	
	Option 1 (Introduce capability)
	Option 2 (Not introduce capability)

	Explanation
	UE capability Fs_inter_CBM indicates the maximum frequency separation that the UE can support. In other words, UE cannot support CAs of frequency separation that are larger than the indicated values.
	UE must be simultaneously configurable with one CC anywhere in one band and one CC anywhere in another band in the band combination.

(It is based on the principle of inter-band CA)

	Opponent's concerns
	It does not match principle of inter-band CA. In addition, there is a concern about the complexity of NW control. It is an unprecedented situation in terms of NW control that NW may be not able to configure CA depending on the selection of CCs even though UE supports this CA.
	FR2 bands cover a very wide frequency range, so frequency separation between CCs for FR2 inter-band DL CA may be very large. There is a concern that it is difficult for CBM UE to support such CA due to limitation of UE implementation. This limitation is related to single-Rx chain architecture.


Observation 1: For option 1, the concern is that the capability is defined to indicate “Not supported” frequency range.

Observation 2: For option 2, the concern is the difficulty of UE implementation with wider frequency separation between CCs.
For further clarification, some examples of the frequency separation between CCs is shown below. In addition, when UE supports CA between Band A and Band B, how each option is applied is summarized below. Both with and without relaxations are defined for each option. If there are relaxations, we assume that the relaxation values common to all UEs are specified in the 3gpp specifications. (See NOTE2 in Table 2.2-2 for details.)
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Figure 2.2-1: Some examples of the frequency separation between CCs
Table 2.2-2: Correspondence between each option and each case
	
	capability
	Frequency separation between CCs

	
	
	200MHz (Case 1)
	400MHz (Case 2)
	700MHz (Case 3)

	Option 1

w/o relaxation
	Fs_inter={600M}
	Support
	Support
	Not support

	Option 1

w/ relaxation
	Fs_inter={600M}
	Support
	Support

w/ 2dB relax. (NOTE2)
	Not support

	Option 2

w/o relaxation
	Not introduce
	Support
	Support
	Support

	Option 2

w/ relaxation
	Not introduce
	Support
	Support

w/ 2dB relax. (NOTE2)
	Support

w/ 4dB relax. (NOTE2)

	NOTE 1: UE support CA between Band A and Band B

NOTE 2: It is assumed that the specification shows no relaxation for separations up to 300MHz, 2dB relaxation for separations up to 500MHz, and 4dB relaxation above that.


2.3 Proposal of UE capability for frequency separation with CBM
We propose a new UE capability that solves the concerns of both UE implementation limitation and NW control. This new UE capability indicates the frequency separation and EIS relaxation value for REFSENS requirements. For example, if the frequency separation that UE can support without relaxation is up to X [MHz], frequency separation above X [MHz] can be supported with relaxation, not unsupported. That is, UE is allowed to have relaxation for REFSENS requirements if it is difficult to support large frequency separation due to implementation limitation. On the other hand, NW can configure any CCs in the band combination if the relaxation is acceptable. Of course, this matches the principle of inter-band CA. The proposed new UE capability is a compromise that solves both concerns.
Observation 3: To address the concerns for both option 1 and 2 mentioned in observation 1 and 2, a middle way is introduce a UE capability that indicate the frequency separation and required EIS relaxation, which does not mean that inter-band CA is not supported when the actual frequency separation is larger than the indicated frequency separation.  
Proposal 1: For FR2 inter-band CA within same frequency group with CBM, introduce a new capability to indicate the frequency separation and the required EIS relaxation value, where

· If the actual frequency separation is larger than the indicated one, additional EIS relaxation can apply.

· If the actual frequency separation is equal to or smaller than the indicated one, additional EIS relaxation does not apply.

· If UE supports an inter-band CA, UE can support the CA configuration with any frequency separation.
In the following, we show candidates for UE capability design, and clarify our proposal with examples.
Proposal 2: As shown below, three types of UE capability designs can be considered.
· Design 1:
Introduce UE capability Fs_inter_CBM that indicates the frequency separation. In addition, UE capability MSD_Fs_inter_CBM that indicates the required relaxation value if CCs are configured above that separation is introduced. Each UE capability has the following enumerated values.
· Fs_inter_CBM = {200MHz, 400MHz, 600MHz, 800MHz, …}

· MSD_Fs_inter_CBM = {2dB, 4dB, 6dB, 8dB, …}

For example, UE with the following UE capabilities can support frequency separation below 400 [MHz] without relaxation. Also, UE can support frequency separation from 400 [MHz] to 600 [MHz] if 2 [dB] relaxation is acceptable, and UE can support frequency separation above 600 [MHz] if 12 [dB] relaxation is acceptable.
· Fs_inter_CBM = {400MHz, 600MHz}

· MSD_Fs_inter_CBM = {2dB, 12dB}
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Figure 2.2-2: Relaxation values when new capability is introduced
Table 2.2-3: Correspondence between new option and each case
	
	capability
	Frequency separation between CCs

	
	
	200MHz (Case 1)

(i.e. Fs<400MHz)
	400MHz (Case 2)

(i.e. 400<=Fs<600MHz)
	800MHz (Case 3)

(i.e. 600<=Fs)

	Option 1

w/o relaxation
	Fs_inter={600M}
	Support
	Support
	Not support

	Option 1

w/ relaxation
	Fs_inter={600M}
	Support
	Support

w/ 2dB relax. (NOTE2)
	Not support

	Option 2

w/o relaxation
	Not introduce
	Support
	Support
	Support

	Option 2

w/ relaxation
	Not introduce
	Support
	Support

w/ 2dB relax. (NOTE2)
	Support

w/ 4dB relax. (NOTE2)

	Our proposal
	Fs_inter_CBM = {400MHz, 600MHz}

MSD_Fs_inter_CBM = {2dB, 10dB}
	Support
	Support

w/ 2dB relax. (NOTE3)
	Support

w/ 12dB relax. (NOTE3)

	NOTE 1: UE support CA between Band A and Band B

NOTE 2: It is assumed that the specification shows no relaxation for separations up to 300MHz, 2dB relaxation for separations up to 500MHz, and 4dB relaxation above that.

NOTE3: New capability indicates applicable relaxations per UE.


· Design 2:

Introduce UE capabilities Fs_inter_CBM_xdB that indicate the minimum frequency separation that require x [dB] relaxation. Each UE capability has the following enumerated values.

· Fs_inter_CBM_2dB = {200MHz, 400MHz, 600MHz, 800MHz, …}

· Fs_inter_CBM_12dB = {200MHz, 400MHz, 600MHz, 800MHz, …}

Assuming a UE similar to the one shown in the Design 1 example, each UE capability is as follows.
· Fs_inter_CBM_2dB = {400MHz}

· Fs_inter_CBM_12dB = {600MHz}

· Design 3:

Introduce UE capabilities MSD_Fs_inter_CBM_yMHz that indicate the required minimum relaxation value for frequency separation of y [MHz]. Each UE capability has the following enumerated values.

· MSD_Fs_inter_CBM_400MHz = {2dB, 4dB, 6dB, 8dB, …}

· MSD_Fs_inter_CBM_600MHz = {2dB, 4dB, 6dB, 8dB, …}

Assuming a UE similar to the one shown in the Design 1 example, each UE capability is as follows.
· MSD_Fs_inter_CBM_400MHz = {2dB}

· MSD_Fs_inter_CBM_600MHz = {12dB}

Details such as name of UE capability and granularity of enumerated values can be discussed in RAN4. This discussion may need the help of RAN2. Basically, all the above designs can express the same UE implementation limitations, but flexibility of expression is restricted depending on the granularity and other factors.
Observation 4: RAN4 or RAN2 can discuss the details of new UE capability, and these results affect the granularity of the conditions indicating implementation limitation.
3
Conclusion

This paper proposes a new UE capability to solve the issue. Here we summarize our observations and proposals:
Observation 1: For option 1, the concern is that the capability is defined to indicate “Not supported” frequency range. (Option 1 is an existing proposal that introduces new capability.)
Observation 2: For option 2, the concern is the difficulty of UE implementation with wider frequency separation between CCs. (Option 2 is an existing proposal that does not introduce new capability.)
Observation 3: To address the concerns for both option 1 and 2 mentioned in observation 1 and 2, a middle way is introduce a UE capability that indicate the frequency separation and required EIS relaxation, which does not mean that inter-band CA is not supported when the actual frequency separation is larger than the indicated frequency separation.  
Proposal 1: For FR2 inter-band CA within same frequency group with CBM, introduce a new capability to indicate the frequency separation and the required EIS relaxation value, where

· If the actual frequency separation is larger than the indicated one, additional EIS relaxation can apply.

· If the actual frequency separation is equal to or smaller than the indicated one, additional EIS relaxation does not apply.

· If UE supports an inter-band CA, UE can support the CA configuration with any frequency separation.
Proposal 2: Three types of UE capability designs can be considered. For reference, one of them is shown below.
· Design 1:
Introduce UE capability Fs_inter_CBM that indicates the frequency separation. In addition, UE capability MSD_Fs_inter_CBM that indicates the required relaxation value if CCs are configured above that separation is introduced. Each UE capability has the following enumerated values.

· Fs_inter_CBM = {200MHz, 400MHz, 600MHz, 800MHz, …}

· MSD_Fs_inter_CBM = {2dB, 4dB, 6dB, 8dB, …}

For example, UE with the following UE capabilities can support frequency separation below 400 [MHz] without relaxation. Also, UE can support frequency separation from 400 [MHz] to 600 [MHz] if 2 [dB] relaxation is acceptable, and UE can support frequency separation above 600 [MHz] if 12 [dB] relaxation is acceptable.
· Fs_inter_CBM = {400MHz, 600MHz}

· MSD_Fs_inter_CBM = {2dB, 12dB}
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	capability
	Frequency separation between CCs

	
	
	200MHz (Case 1)

(i.e. Fs<400MHz)
	400MHz (Case 2)

(i.e. 400<=Fs<600MHz)
	800MHz (Case 3)

(i.e. 600<=Fs)

	Option 1

w/o relaxation
	Fs_inter={600M}
	Support
	Support
	Not support

	Option 1

w/ relaxation
	Fs_inter={600M}
	Support
	Support

w/ 2dB relax. (NOTE2)
	Not support

	Option 2

w/o relaxation
	Not introduce
	Support
	Support
	Support

	Option 2

w/ relaxation
	Not introduce
	Support
	Support

w/ 2dB relax. (NOTE2)
	Support

w/ 4dB relax. (NOTE2)

	Our proposal
	Fs_inter_CBM = {400MHz, 600MHz}

MSD_Fs_inter_CBM = {2dB, 10dB}
	Support
	Support

w/ 2dB relax. (NOTE3)
	Support

w/ 12dB relax. (NOTE3)

	NOTE 1: UE support CA between Band A and Band B

NOTE 2: It is assumed that the specification shows no relaxation for separations up to 300MHz, 2dB relaxation for separations up to 500MHz, and 4dB relaxation above that.

NOTE3: New capability indicates applicable relaxations per UE.


Observation 4: RAN4 or RAN2 can discuss the details of new UE capability, and these results affect the granularity of the conditions indicating implementation limitation.
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