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1. Introduction
In RAN#103 meeting, a new Work Item [1] was approved on NR channel BW less than 5MHz for FR1 Phase 2 with the following RAN4 objective. In this contribution, we want to share some further views on UE RF requirements for inter-band NR CA/DC with 3MHz CBW.
	· Define common co-located and non-co-located inter-band NR CA/DC UE RF requirements with 3MHz CBW in the one band and 5MHz or 10MHz CBW in the other band
· Example band combination: CA/DC of 3MHz in band n100 and 5MHz or 10MHz in band n101
· Define RRM requirements for inter-band CA and DC for combinations introduced in RF part
Note: other band combinations than example band combinations can be specified in basket WIs after the above generic requirements are specified.



2. Discussion
2.1 Power class for UL inter-band CA
	Issue 2-4: Power class for UL inter-band CA
Agreement (Wed online discussion):
· Define PC3 inter-band CA/DC combinations
· FFS on whether to define PC1 inter-band CA/DC combinations


The above is way forward in last meeting [2]. We agreed to define PC3 inter-band CA/DC combinations. The following is UE power classes supported by NR band n100 and n101, it has been defined PC1 and PC3 for these two bands. Theoretically, it is possible to support PC1 inter-band CA/DC combinations. The UE PC1 requirements for band n100 and n101 single carrier are targeted for public safety scenario. Whether there is a request to support PC1 inter-band CA/DC combinations needs input from operators. 
Proposal 1: Whether to support PC1 inter-band CA/DC combinations needs input from operators.

Table 2.1-1: UE Power Class
	NR
band
	Class 1 (dBm)
	Tolerance (dB)
	Class 1.5 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	n100
	316
	+2/-3
	
	
	
	
	23
	±2

	n101
	316
	+2/-3
	
	
	
	
	23
	±2



2.2 Signalling aspects
	Issue 2-6: Signalling aspects
Agreement
· FFS whether to introduce new UE capability and/or other RRC signalling to support NR CA/DC with less than 5MHz CBW and support of 12 or 20 RB transmission bandwidth



Firstly, when introducing 5G NR for FRMCS in band n100 of 2x5.6MHz FDD, it was specified that FRMCS and GSM-R will have to be in operation in parallel. In order to maintain the network quality level of GSM-R  while reducing the available bandwidth or number of GSM-R channels, only limited transmission bandwidth can be converted from GSM-R to FRMCS, and 12 RB transmission bandwidth for FRMCS would be possible. Hence, if we define a new CA/DC band combination of 3MHz in band n100 and 5MHz or 10MHz in band n101, 12 RB transmission bandwidth should be considered. Given that 5MHz bandwidth for n100 isn’t included in the band combination, 20 RB transmission bandwidth will be considered after RAN plenary agrees to add it in the WID.
Subsequently, in Rel-18, only additional sync raster was defined for single carrier of 12 RB transmission bandwidth. Moreover, it was established that the requirements for 12 RBs transmission bandwidth are identical to those for 15 RBs transmission bandwidth. In other words, RF requirements are agnostic of transmission bandwidth configurations for single carrier with 3MHz CBW. And in last meeting, we also achieved an agreement that define RF requirements agnostic of transmission bandwidth configurations for 3MHz CBW for the new new CA/DC band combination. From RF perspective, there is no necessity to introduce new UE capability and/or other RRC signalling to support NR CA/DC with less than 5MHz CBW and support of 12 or 20 RB transmission bandwidth. However, we have no idea whether RRM requirements will have difference for 12 and 15 RB transmission bandwidth. Whether to introduce new UE capability and/or other RRC signalling to support NR CA/DC with less than 5MHz CBW and support of 12 or 20 RB transmission bandwidth needs to wait for RRM requirements for CA.
Proposal 2: Whether to introduce new UE capability and/or other RRC signalling to support NR CA/DC with less than 5MHz CBW and support of 12 or 20 RB transmission bandwidth needs to wait for RRM requirements for CA.
2.3 Reference sensitivity: MSD requirements
	Issue 2-12: Reference sensitivity: MSD requirements
Agreement
· FFS on MSD requirements


For inter-band CA_n100-n101, sensitivity degradation needs to be analyzed, and the harmonic and IMD products can be calculated by the table shown in Annex Table 5.1. As can be seen in the table, no harmonic and IMD products needs to be discussed. In addition, we adopt the approach of detecting potential cross-band isolation MSD for up to the ACLR5 range, which is proposed in [3]. It can be observed that there is no overlap of the band n100 ACLR range with the band n101 DL up to order 5 and there is enough rejection of the transmitter noise floor at band n101, so no cross-band MSD is needed. Similarly, there is no overlap of the band n101 ACLR range with the band n100 DL up to order 5 and there is enough rejection of the transmitter noise floor at band n100, so no cross-band MSD is required. Thus, we can conclude that no cross-band MSD is needed for inter-band CA_n100-n101.
Proposal 3: For inter-band CA_n100-n101, no MSD issue needs to be discussed.

3. Conclusion
In this contribution, we want to share some views on UE RF requirements for inter-band NR CA/DC with 3MHz CBW and the proposals are made as following:
Proposal 1: Whether to support PC1 inter-band CA/DC combinations needs input from operators.
Proposal 2: Whether to introduce new UE capability and/or other RRC signalling to support NR CA/DC with less than 5MHz CBW and support of 12 or 20 RB transmission bandwidth needs to wait for RRM requirements for CA.
Proposal 3: For inter-band CA_n100-n101, no MSD issue needs to be discussed.
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5. Annex
Table 5.1: Harmonic and IMD products analysis of CA_n100A-n101A with n100 and n101 UL
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency
	874.4
	880
	1900
	1910

	2nd order IMD products
	|fy_low-fx_high|
	|fy_high-fx_low|
	|fy_low+fx_low|
	|fy_high+fx_high|

	IMD frequency limits (MHz)
	1020
	1035.6
	2774.4
	2790

	Two-tone 3rd order IMD products
	|fy_high – 2*fx_low|
	|fy_low – 2*fx_high|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	161.2
	140
	2920
	2945.6

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	3648.8
	3670
	4674.4
	4700

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high – 2*fy_low|
	
	

	IMD frequency limits (MHz)
	2071.2
	2040
	
	

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	713.2
	740
	4820
	4855.6

	Two-tone 4th order IMD products
	|2*fx_low +2* fy_low|
	|2*fx_high +2* fy_high|
	
	

	IMD frequency limits (MHz)
	5548.8
	5580
	
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high +1* fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	4523.2
	4550
	6574.4
	6610

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	6765.6
	6720
	1620
	1587.6

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	8474.4
	8520
	5397.6
	5430

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	3981.2
	3940
	1160
	1196.8

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	7448.8
	7490
	6423.2
	6460




Table 5.2: Cross-band isolation analysis of CA_n100A-n101A with n100 and n101 UL
	Bands3
	n100
	n101

	Frequency limit
	fx_low / min
	fx_high / max
	fy_low / min
	fy_high / max

	fUL (MHz)
	874.4
	880
	1900
	1910

	fDL (MHz)
	919.4
	925
	1900
	1910

	CBW (MHz)2
	3
	3
	5
	10

	ACLR1 range
	fxULlow-maxULCBWx
	fxULhigh+maxULCBWx
	fyULlow-maxULCBWy
	fyULhigh+maxULCBWy

	ACLR1 (MHz)
	871.4
	883
	1890
	1920

	ACLR2 range
	fxULlow-2*maxULCBWx
	fxULhigh+2*maxULCBWx
	fyULlow-2*maxULCBWy
	fyULhigh+2*maxULCBWy

	ACLR2 (MHz)
	865.4
	886
	1880
	

	ACLR3 range
	fxULlow-3*maxULCBWx
	fxULhigh+3*maxULCBWx
	fyULlow-3*maxULCBWy
	fyULhigh+3*maxULCBWy

	ACLR3 (MHz)
	862.4
	889
	1870
	

	ACLR4 range
	fxULlow-4*maxULCBWx
	fxULhigh+4*maxULCBWx
	fyULlow-4*maxULCBWy
	fyULhigh+4*maxULCBWy

	ACLR4 (MHz)
	859.4
	892
	1860
	

	ACLR5 range1
	fxULlow-5*maxULCBWx
	fxULhigh+5*maxULCBWx
	fyULlow-5*maxULCBWy
	fyULhigh+5*maxULCBWy

	ACLR5 (MHz)
	856.4
	895
	1850
	

	Analysis
	There is no overlap of the band n100 ACLR range with the band n101 DL up to order 5 and there is enough rejection of the transmitter noise floor at band n101, so no cross-band MSD is needed.
	There is no overlap of the band n101 ACLR range with the band n100 DL up to order 5 and there is enough rejection of the transmitter noise floor at band n100, so no cross-band MSD is needed.



1
