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Introduction
In RAN4 110bis meeting, the first series of the discussions were performed with the WF captured in[1]. Several RF related topics are yet to be discussed that are summarized below:
	- How to capture the power imbalance and REFSENS requirements.
- DL frequency separation:
- No limitation on DL maximum frequency separation is needed for type 4 UE.
- For DL minimum frequency separation for type 2 and type 4 UE, 80MHz is used.
-The number of CCs:
-Non-collocated EN-DC
-B42: multiple contiguous CCs up to four, collocated
-n77/n78: one CC
-Non-collocated NR-CA
-n77/n78: Non-contiguous two CCs, non-collocated
-If needed, check operators’ preference before the next May meeting.


 
Discussion
How to capture the power imbalance and REFSENS requirements.
As the type 4 UE is going to be an extension of type 2 with 4 layers/CC, it would make sense to specify its RF requirements alongside of type 2. So, we propose to make the following changes:
TS38.101-1:
- In Table 5.5A.2-1, Note 6 needs to be updated based on the result of the UE capability discussions. 
-
	- 7.10A	Power imbalance for CA
7.10A.1	General
Power imbalance requirement is a measure of the receiver’s ability to receive a wanted signal in the presence of another signal with a power imbalance and a specific frequency offset from the wanted signal. 
Power imbalance requirement in this subclause is only applicable for a UE capable of intraBandNR-CA-non-collocated-r18 and is not provided with nonCollocatedTypeNR-CA-r18 and is configured with maxMIMO-Layers with value less than or equal to 2.
7.10A.2	Minimum requirement 
For the test parameters in table 7.10A.2-1, the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.3.2, and A.3.3 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1).
Table 7.10A.2-1: Power imbalance parameters for intra-band non-contiguous CA
	Test configurations
	Carriers
	Rx Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Center of BWanother Relative to edge of BWwanted

	1
	Wanted carrier
	REFSENS NOTE 4 + 1
	BWwanted ≤ BWanother
	< max (5/2* BWanother, 50MHz

	
	Another wanted carrier 
	Power of wanted carrier + 25
	
	

	2
	Wanted carrier
	REFSENS NOTE 4 + 1
	BWwanted > BWanother
	

	
	Another wanted carrier
	Power of wanted carrier + 25 – 10*log10(BWwanted /BWanother)
	
	

	3
	Wanted carrier
	REFSENS NOTE 4 + 1
	NA
	≥ max (5/2* BWanother, 50MHz)

	
	Another wanted carrier 
	Power of wanted carrier + 25
	
	

	NOTE 1:	The transmitter shall be set to 24dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table 7.3.2-3 with PCMAX_L,f,c as defined in clause 6.2A.4.
NOTE 2:	BWwanted is the channel bandwidth of wanted carrier. BWanother is the channel bandwidth of another wanted carrier with 25 dB power imbalance.
NOTE 3:	It’s allowed to use one of test configurations to verify the RX power imbalance requirement for type 2 UE.
NOTE 4:	REFSENS is the reference sensitivity level for two antenna ports in Table 7.3.2-1b. For four antenna ports, the REFSENS relaxations of Table 7.3.1-1a needs to be considered
NOTE 5: 	Void.


	
For a UE capable of intraBandNR-CA-non-collocated-r18 for the following CA band combinations in Table 7.10A.2-2, the Rx requirements for two Rx ports are applicable for each component carrier if it is not provided with nonCollocatedTypeNR-CA-r18 and is configured with maxMIMO-Layers with value less than or equal to 2.
For a UE capable of [intraBandNR-CA-non-collocated-rel19] for the following CA band combinations in Table 7.10A.2-2, the Rx requirements for four Rx ports are applicable for each component carrier if it is not provided with [nonCollocatedTypeNR-CA-r19].
Table 7.10A.2-2: NR CA combinations
	CA combination

	CA_n77(2A)1

	CA_n78(2A)1

	NOTE 1:	The applicability is specified in clause 4.2 d)





TS38.101-3:
- in Table 5.5B.4.1-1, Notes 4,11 and 13 need to be updated based on the result of the UE capability discussions. 
-
	7.10B	power imbalance for DC in FR1
7.10B.3	Inter-band EN-DC within FR1
Power imbalance requirement is a measure of the receiver’s ability to receive a wanted signal (LTE or NR) in the presence of another carrier signal (NR or LTE) with 6~25dB power imbalance at a specific frequency offset from the wanted signal.
Power imbalance requirement in this subclause is only applicable for a UE capable of interBandMRDC-WithOverlapDL-Bands-r16 and not capable of requirementTypeIndication-r18  or a UE capable of   interBandMRDC-WithOverlapDL-Bands-r16 and requirementTypeIndication-r18 but is not provided with nonCollocatedTypeMRDC-r18 and is configured with maxMIMO-Layers with value less than or equal to 2.
For these test parameters in table 7.10B.3-1, the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.3.2, and A.3.3 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1 in 38.101-1).

Table 7.10B.3-1: Test parameters for FDD-FDD or TDD-TDD inter-band EN-DC operation with overlapping or partially overlapping DL bands
	Test configurations
	Carriers
	Rx Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Frequency relationship
(Center of BWanother Relative to edge of BWwanted)

	1
	Wanted carrier
	REFSENS + 1
	BWwanted ≤ BWanother
	< max (5/2* BWanother, 50MHz)

	
	Another wanted carrier with overlapping DL bands
	Power of wanted carrier + 25
	
	

	2
	Wanted carrier
	REFSENS + 1
	BWwanted > BWanother
	

	
	Another wanted carrier with overlapping DL bands
	Power of wanted carrier + 25 – 10*log10(BWwanted /BWanother)
	
	

	3
	Wanted carrier
	REFSENS + 1
	NA
	≥ max (5/2* BWanother, 50MHz)

	
	Another wanted carrier with overlapping DL bands
	Power of wanted carrier + 25
	
	

	NOTE 1:	For NR carrier, the transmitter shall be set to 24dB below PCMAX_L,f,c,NR at the minimum uplink configuration specified in Table 7.3.2-3 [2] with PCMAX_L,f,c,NR as defined in clause 6.2B.4.
NOTE 2:	For E-UTRA carrier, the transmitter shall be set to 24 dB below PCMAX_L_E-UTRA,c at the minimum uplink configuration specified in Table 7.3.1-2 [4] with PCMAX_L_E-UTRA,c as defined in clause 6.2B.4 for single carrier.
NOTE 3:	BWwanted is the channel bandwidth of wanted carrier. BWanother is the channel bandwidth of another wanted carrier with overlapping DL bands
NOTE 4:	REFSENS is the reference sensitivity level or of two antenna ports in Table 7.3.2-1a or in Table 7.3.2-1b of TS 38.101-1, or in Table 7.3.1-1 of TS 36.101. In the case of 4 antenna ports the REFSENS values of in Table 7.3.2-1b of TS 38.101-1 with relaxations in Table 7.3.2-2 of TS 38.101-1, or in Table 7.3.1-1 of TS 36.101 with relaxations in Table 7.3.1-1a TS 36.101 shall be used. 
NOTE 5:   For TDD-TDD combination, the minimum requirements apply only when there is non-simultaneous Rx/Tx operation between E-UTRA and NR carriers for the EN-DC combinations in Table 7.10B.3-2. This restriction applies also for these carriers when applicable EN-DC configuration is part of a higher order EN-DC configuration.



The applicability of these test configurations is shown below:
When the capability interBandContiguousMRDC is indicated, test configuration 1 or 2 can be used to verify the RX power imbalance requirement for a UE indicating capability interBandMRDC-WithOverlapDL-Bands-r16.
When the capability interBandContiguousMRDC is absent, test configuration 1, 2 or 3 can be used to verify the RX power imbalance requirement for a UE indicating capability interBandMRDC-WithOverlapDL-Bands-r16.
It’s allowed to use one of the test configurations to verify the RX power imbalance requirement for a UE indicating capability interBandMRDC-WithOverlapDL-Bands-r16.
For a UE capable of  interBandMRDC-WithOverlapDL-Bands-r16 and not capable of requirementTypeIndication-r18 or a UE capable of interBandMRDC-WithOverlapDL-Bands-r16 and requirementTypeIndication-r18 but is not provided with nonCollocatedTypeMRDC-r18 and is configured with maxMIMO-Layers with value less than or equal to 2, the Rx requirements for two Rx ports are applicable for each component carrier in EN-DC operating mode for the following EN-DC band combinations in Table 7.10B.3-2. 
For a UE capable of [interBandMRDC-WithOverlapDL-Bands-r19] but is not provided with [nonCollocatedTypeMRDC-r19] the Rx requirements for four Rx ports are applicable for each component carrier in EN-DC operating mode for the following EN-DC band combinations in Table 7.10B.3-2. 
Table 7.10B.3-2: TDD-TDD EN‑DC combinations
	EN-DC combination

	DC_42_n771

	DC_42_n781

	NOTE 1:	Note 9 in table 5.5B.4.1-1 is applicable.






It should be mentioned that as in the NR bands of this WI are TDD bands, in the Note4 of Table 7.10B.3-1 of TS38.101-3, the term ‘Table 7.3.2-1b’ needs to be removed because it refers to the REFSENS values of the FDD bands. 
Proposal 1: consider the requirement updates for TS 38.101-1 and TS 38.101-3 as given in section 2.1.
DL frequency separation:
During Rel18 it was decided that for type 2 UE, no upper limit to be imposed for the DL frequency separation. On the other hand for lower limit of the DL frequency separation, it was discussed to set the minimum separation of the center of BWanother relative to edge of BWwanted to be 80MHz+BWanother/2. Moreover, it was agreed not to set any general requirements in RAN4 but to send an LS to RAN5 to inform them of such restrictions to limit the number of test cases [2]. A similar approach can be considered for type 4 as it is an extension of type 2 architecture. On the other hand no new LS to RAN5 is needed and the test cases for type 2 can be used for type 4, too.
Proposal 2: For type 4 UE, no minimum or maximum DL separation is needed to be specified in RAN4.
 Number of CCs/band in EN-DC and NR-CA:
For EN-DC case, as the maximum CBW of a CC is limited 20 MHz, using contiguous CCs is the approach to increase the spectrum utilization by the operators. So, we could consider multiple collocated contiguous E-UTRA CCs per band and 1 NR CC/band. It should be mentioned that in this meeting we and number of operators are introducing Rel 16, 17 and 18 CRs to include this scenario into the receiver requirements [3], [4], [5].We do not have a preference on the number of contiguous E-UTRA CCs and it is better for operators to decide. 
Regarding the NR-CA case, similar to Rel-18, we can consider two non-collocated non-contiguous CCs in a NR band and we do not see the need to increase this number unless operators have strong justifications. 
Proposal 3: The number of CCs:
-Non-collocated EN-DC
-B42: multiple contiguous CCs (the upper limit to be set by operators), collocated
-n77/n78: one CC
-Non-collocated NR-CA
-n77/n78: Non-contiguous two CCs, non-collocated
Conclusion
Proposal 1: consider the requirement updates for TS 38.101-1 and TS 38.101-3 as given in section 2.1.
Proposal 2: For type 4 UE, no minimum or maximum DL separation is needed to be specified in RAN4.
Proposal 3: The number of CCs:
-Non-collocated EN-DC
-B42: multiple contiguous CCs (the upper limit to be set by operators), collocated
-n77/n78: one CC
-Non-collocated NR-CA
-n77/n78: Non-contiguous two CCs, non-collocated
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