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1	Introduction 
In RAN#93 the scope of WF on FR2 inter-band DL CA [1] includes the further study of the relaxation values for the peak EIS requirements. Additionally, in the same RAN4 meeting the frequency separation classes (the maximum frequency span between lower edge of lowest CC and upper edge of highest CC) were extended to 2400 MHz. 
This contribution provides our view on the ΔRIB EIS relaxation for CA when considering a frequency separation span of up to 2400 MHz.
	· CR to 38.101-2 on FR2 frequency separation class
Frequency separation classes from IV to IX were included in [2]
Table 5.3A.4-2: Frequency separation classes
	Frequency separation class
	Frequency separation (Fs) 

	I
	Fs ≤ 800 MHz

	II
	Fs ≤ 1200 MHz

	III
	Fs ≤ 1400 MHz

	IV
	Fs ≤ 1000 MHz

	V
	Fs ≤ 1600 MHz

	VI
	Fs ≤ 1800 MHz

	VII
	Fs ≤ 2000 MHz

	VIII
	Fs ≤ 2200 MHz

	IX
	FS ≤ 2400 MHz



· Definition of ΔRIB EIS for Intra-band non-contiguous CA 
For each component carrier in the intra-band non-contiguous carrier aggregation, the throughput 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 values determined from clause 7.3.2, and relaxation applied to peak reference sensitivity requirement as specified in Table 7.3A.2.2-1. The cumulative aggregated channel bandwidth is defined as the frequency band from the lowest edge of the lowest CC to the upper edge of the highest CC of all UL and DL configured CCs. 
Table 7.3A.2.2-1: ΔRIB EIS Relaxation for CA operation by cumulative aggregated channel bandwidth
	Cumulative Aggregated Channel BW (MHz) 
	ΔRIB (dB)

	≤ 800
	
0.0
[image: page97image44378816]

	> 800 and ≤ 1400
	0.5






2	Discussion 
The REFSENS is defined as the EIS level in the RX beam peak direction, at which the throughput shall meet the requirements specified for the reference measurement channel. This contribution describes the impact of the wider frequency separation (e.g. 2400 MHz) on the REFSENS estimation for CA.
2.1	REFSENS for CA
The sensitivity of the receiver mainly consists of three portions, the noise figure NF of the entire receiver, the noise floor, kT in the environment and the frequency bandwidth of the receiver. The first LNA is a key component since its NF dominates the overall noise performance of the receiver. Among the noise source, thermal noise is the well-known.
The total thermal noise power is defined by the Boltzmann’s constant , the temperature in Kelvins and the overall bandwidth of the channel selectivity filter of the receiver. When we consider the normalized noise floor (1 Hz and 290 K temperature), the noise power level is calculated as follows:


	Bandwidth 
	Noise Power Level N [dBm]

	2400 MHz
	-80.19

	2000 MHz
	-80.98

	1800 MHz
	-81.44

	1400 MHz
	-82.53



The table above provides the noise power level for frequency span from 1400 MHz to 2400 MHz. It can be observed that the noise power level increases with the bandwidth, for a bandwidth of 2400 MHz the noise power level is around 2 dB higher compared to 1400 MHz bandwidth.
[image: ]
Figure 1: Potential simplified reference architecture
In addition to the increase of the REFSENS in terms of thermal noise contribution, further challenges come for an LNA supporting wide bandwidth. A wideband LNA should provide a wideband impedance matching to the antenna, gain, good linearity and low noise figure. The matching of the circuit becomes a challenge, the input return loss  will increase in order to cover the wide bandwidth. Similarly, the wider bandwidth will lower the Q-factor, which will increase the noise figure of the receiver. Consequentially the increase of the NF will affect directly the receiver reference sensitivity, defined in FR2 with the following equation:


Observation 1:	The wider bandwidth will lower the Q-factor, which will increase the noise figure of the receiver. Consequentially the increase of the NF will affect directly the receiver reference sensitivity.
The receiver chain (as shown in Figure 1) has to support wide bandwidth of up to 2400 MHz. Considering these challenges for the receiver when having a wide frequency separation class, we propose an additional relaxation for ΔRIB as provided in subsections 2.1.1 and 2.1.2. 

A detailed description of the potential inter-band CA reference architectures was provided in [4]. For this analysis our assumption is the reference architecture of Alternative 1 that considers a single Rx chain and LO with a shared phase shifter and common LNA for both bands. The reference architecture with a common LNA was assumed for the inter-band CA combination of 28 GHz + 28 GHz and 39 GHz + 39 GHz such as:

	Inter-band CA
	ΔRIB (dB)

	CA_n257-n258
	1.0

	CA_n258-n261
	1.0

	CA_n259-n260
	1.0



For the inter-band CA combinations listed in the table we are proposing to apply 1 dB for EIS relaxation ΔRIB when considering a frequency separation span larger than 1400 MHz.
[bookmark: _Toc13823832][bookmark: _Toc13821307][bookmark: _Toc13823307]Proposal 1:	Define 1.0 dB for the EIS relaxation ΔRIB for inter-band CA combination (CA_n257-n258, CA_n258-n261, CA_n259-n260) with a frequency separation span larger than 1400 MHz.
3	Conclusions
This contribution has provided our view on the ΔRIB EIS relaxation for CA when considering the frequency separation span of up to 2400 MHz. In summary, we have made the following observation and proposals:
Observation 1:	The wider bandwidth will lower the Q-factor, which will increase the noise figure of the receiver. Consequentially the increase of the NF will affect directly the receiver reference sensitivity.
Proposal 1:	Define 1.0 dB for the EIS relaxation ΔRIB for inter-band CA combination (CA_n257-n258, CA_n258-n261, CA_n259-n260) with a frequency separation span larger than 1400 MHz.
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