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1	Background
[bookmark: _Hlk149936446]In RAN4#110, RAN4 has received a Liaison Statement from ITU-R WP5D [1], requesting for IMT parameters for sharing and compatibility studies in the 4400-4800MHz, 7125-8400MHz and 14.8-15.35GHz frequency ranges. In this contribution, we provide some elements of the answers, and present the prominent topics that should be discussed in RAN4 for the mobile station.
2 Discussion
This discussion covers the small form factor (smartphone like) Mobile station/UE. The intent is to provide inputs, where available, but also to promote an open on options and discussion topics. Additionally, although we are interested in all of the BS and UE system/Tx/Rx aspects, as an RF front-end vendor we feel fully qualified to contribute primarily on the system, transmitter and the RF front-end performance-impacted receiver
2.1 WP5D Requests related to the user terminal
The request in the LS is essentially related to the base station AAS parameters. However, to establish co-existence and sharing evaluation, several UE parameters are also requested. This includes system parameters on bandwidth, transmitter linearity and receiver sensitivity and blocking performance.

In general, the response can be based on the existing FR1 and FR2 parameters:
· The 4400-4800MHz range is fully covered by FR1 and the parameters can be extrapolated from the most advanced FR1 features.
· The 7125-8400MHz range is just outside the FR1 range and it should be feasible to extend the FR1 framework to cover this condition, especially following the work on band n104.
· For the 14.8-15.35GHz range, this falls exactly in between the FR1 and FR2 range, although it is already close to the NTN FR2 range. Here, for small form factors, the main consideration is whether some form of beamforming is feasible.

Duplex Method:

Above 2.7GHz all the bands use TDD as the duplex method, which seems to be the de facto approach for these new frequency ranges. However, for NTN applications, UL and DL operations are transmitted in different bands, but are not fully comparable to FDD in FR1, as the UL and DL frequency separation is very large.

In Release 18, in-band full duplex was studied for TDD base station side using a sub-band approach. This approach can be considered valid for the first two frequency ranges of 4400-4800MHz and 7125-8400MHz. Even if such method can also be applied for some types of UEs, we do not expect that small form factor UEs will support in-band full duplex as a default mode of operation. Optionally, this may be considered, especially in the part of the UL/DL dynamic range that is sufficiently separated from the REFSENS and/or maximum output power operation. For the 14.8-15.35GHz frequency range, in-band full duplex support may depend on how much support there is for beamforming.

Channel Bandwidth, Signal bandwidth:

In FR1 TDD, UEs already support 200MHz via contiguous intra-band ULCA, with a single PA, and the support of a single CC of 200MHz would be preferable as it results in less PAPR.

Also, in 38.101-1, MPR for TDD bands is nominally up to 4% relative bandwidth, and above, delta MPR may apply.

With this, channel bandwidth can likely be extended beyond 4% relative bandwidth for the three frequency ranges suggested by WP5D. Understanding signal bandwidth as the effective transmit BW in the channel, we can apply 5% and assume up to 98% spectrum efficiency, which is already achieved for the largest channel bandwidths in FR1 (this assumes that ACLR and SEM will not be stricter than the current NR specification):
· For 4400-4800MHz: 5% of 4500MHz = 220MHz 
· Propose up to 200MHz channel bandwidth and up to 400MHz intra-band CA. Minimum channel bandwidth of 20MHz can be retained.
· For 7125-8400MHz: 5% of 8000MHz = 400MHz => propose 400MHz channel bandwidth (note that WiFi 7 already support 320MHz in the 5.15-7.125GHz range). Minimum channel bandwidth of 20MHz can be retained, as is used for n104.
· Propose up to 400MHz channel bandwidth (Note that WiFi 7 already support 320MHz in the 5.925-7.125GHz range)
· For 14.8-15.35GHz: 5% of 15GHz = 750MHz and 4% = 600MHz.The later is at least a multiple of current FR2 channel bandwidth. However, 98% spectrum efficiency may be critical (FR2 is 95%).
· Propose up to 500-600MHz channel bandwidth (note that the entire band is 550MHz), and target 50MHz as minimum channel bandwidth.
Transmitter characteristics:

· In general, for the 4400-4800MHz and 7125-8400MHz frequency range, FR1 requirements should apply for the transmitter. However, it is worth considering 2Tx and 4Tx from the start and possible 2Tx as a default approach with pre-coded beamforming and multi stream UL MIMO. In the same spirit, and to enable high throughput MU-MIMO, SRS antenna switching could be assumed as a default feature.
· For the 14.8-15.35GHz frequency range, antenna arrays in the same form than of FR2 or NTN, may be prohibitive in size for smartphone or small form factors. However, pre-coded beamforming is of interest, especially if 2Tx or even 4Tx is assumed, by default. In this case, beamforming even if limited, will allow the relaxation of some parameters, compared to FR1 and enable better transmitter efficiencies and power consumption at these frequencies, which is about twice the top frequency of FR1.

Power Dynamic Range, Maximum output power

· Assuming that the 4400-4800MHz and 7125-8400MHz cell ranges are similar to the NR bands n79 and n104, the current dynamic range covering -40dBm to 29dBm (PC1.5) for 20MHz BW is feasible on the UE side. With 200MHz and 400MHz, based on FR1 specification, the minimum output power is -30 and -27dBm, respectively. One important questions, is whether 2Tx is the default approach for these bands (4Tx optional)?
· For the 14.8-15.35GHz frequency range, especially when targeting the 4Tx approach, a PC1.5 power class can be reached. On the minimum output power, at these frequencies, a -30dBm relaxation is reasonable for 50MHz (if necessary to go as low) and -20dBm at 500MHz.

Spectral Mask

For the 4400-4800MHz and 7125-8400MHz ranges, the FR1 mask is applicable
For the 14.8-15.35GHz frequency range, provided some form of UL beamforming applies, with precoders and 2/4Tx supported by default, it should be feasible to target a similar SEM mask than FR2.

ACLR

For the 4400-4800MHz and 7125-8400MHz ranges, the FR1 ACLR of 30/31/31dBc for 23/26/29dBm, respectively, is applicable.
For the 14.8-15.35GHz frequency range, provided some form of UL beamforming applies, with precoders and 2/4Tx supported by default, it should be feasible to target a relaxed ACLR, compared to FR1 and improved vs FR2. Here, a 20-25dB range could be considered.

Spurious emissions

Since the 4400-4800MHz and 7125-8400MHz frequency ranges, are still below 12.75GHz, the -30dBm/MHz spurious emissions seem applicable.
For the 14.8-15.35GHz frequency range, which is above 12.75GHz, the -13dBm/MHz spurious emissions seem applicable.

Receiver characteristics:

For the receiver, 4Rx should be mandatory and 6/8Rx an option for all the frequency ranges. With beamforming at the BS, some aspects like blocking, may be relaxed.

Noise Figure

· For n79 (4400-4800MHz range), and n104 (just below 7.125-8.35GHz range), the current REFSENS is based on 10.2dB and 12.3dB NF respectively, including the BB implementation margins. In both cases, a simple RFFE filter with reasonable losses is assumed. However, for n104, there is an additional impact due to the sharing of the wideband 5-15-7.125GHz filter in the early implementations. Given the small bandwidth of both the 4400-4800MHz and 7125-8400MHz ranges, and no high Q filtering required, a better number may be targeted, at least for the upper range. 10dB and 11dB, respectively can be used for 3GPP minimum requirements for the 4400-4800MHz and 7.125-8.35GHz ranges. However, a more typical number may be used in our answer to ITU.
· For the 14.8-15.35GHz frequency range, assuming again that no high Q filtering required, as a preliminary number, 12dB can be used for 3GPP minimum requirements. However, a more typical number may be used in our answer to ITU.

Blocking response

With a focus on the RFFE related performance, OOB blocking is the main parameter of concern:
· For the 4400-4800MHz range, high Q filtering is still efficient, given the small relative bandwidth and n79 blocking performance can be the starting point.
· For 7.125-8.35GHz range, some high Q filtering can be applied to notch some critical blockers as the band has a small relative bandwidth. However, in general, and similar to the NR-U and n104 bands, there should be no high expectation on RFFE selectivity especially, if that frequency range is implemented as an extension of the 5.15-7.125GHz range.
· For the 14.8-15.35GHz frequency range, even if some of the high Q technologies have the potential to be extended at higher frequencies as the band has a small relative bandwidth, it is unlikely to be at the cost of current FR1 technologies. Still, if some specific protection against lower frequency blockers is needed, then notch filtering may be studied. Otherwise, assuming some benefit from beamforming, relaxation versus the FR1 higher bands OOB blocking can be expected. 

ACS 

Although not directly related to the RFFE performance, we believe it is advisible to adopt the current ACS of n79 and n104 bands for the 4400-4800 and 7.125-8.35GHz ranges, respectively. For the 14.8-15.35GHz frequency range, beamforming may enable relaxed ACS vs FR1.
2.2 Summary of proposed UE parameters and topics for discussion.
Our input summary is collected it in Table 1. This is similar to the one proposed in the LS, but the focus is on the UE and the different frequency ranges.

Table 1: preliminary parameters, discussion topics for UE side per frequency ranges
	No.
	UE Parameter
	4400-4800MHz
	7125-8350MHz
	14.8-15.35GHz

	1
	Duplex Method
	TDD default
	TDD default
	TDD default

	2
	Channel BW (MHz)
	20 – 200MHz
	20-400MHz
	50-500MHz

	3
	Signal BW (MHz)
	98% spectrum efficiency
	95/98% spectrum efficiency?

	4
	Transmitter characteristics
	1-4Tx with up to 4x4 MIMO
2Tx default for smartphones?
SRS antenna switching by default?
	4Tx by default? Up to 4x4MIMO
Beamforming based on coding?
SRS antenna switching by default? 

	4.1
	Power dynamic range (dB)
	Pmax: 23/26dBm 1Tx, 29dBm 2Tx
Pmin: -40dBm/20MHz, -30dBm/200MHz
	Pmax: 23/26dBm 1Tx, 29dBm 2Tx
Pmin: -40dBm/20MHz, -27dBm/400MHz
	Pmax: 23/26dBm 2Tx, 29dBm 4Tx?
Pmin: -30dBm/50MHz, -20dBm/500MHz

	4.2
	Spectral mask (dB)
	Same as FR1
	Same as FR1
	If some form of beamforming is targeted: similar to FR2 at -13dBm/MHz at CBW/10 MHz offset to enable lower MPR.

	4.3
	ACLR (dB)
	30/31/31dBc for 23/26/29dBm
	30/31/31dBc for 23/26/29dBm
	If some form of beamforming is targeted, a value between FR1 and FR2 could be targeted at 20-25dB

	4.4
	Spurious emissions /OOB emissions
	-30dBm/MHz < 12.75GHz
	-30dBm/MHz < 12.75GHz
	-13dBm/MHz >12.75GHz

	4.5
	Max Pout (dBm)
	23/26/29dBm(2Tx)
	23/26/29dBm(4Tx)

	
5
	Receiver characteristics
	4Rx default / 8Rx? >4x4MIMO?

	5.1
	Noise figure (dB)
	10dB for 3GPP minimum requirement. 
Lower typical for ITU?
	11dB for 3GPP minimum requirement. 
Lower typical for ITU?
	12dB for 3GPP minimum requirement. 
Lower typical for ITU?

	5.2
	Sensitivity (dBm)
	4Rx default with less implementation losses?

	5.3
	[bookmark: _Hlk159249760]Blocking response
	Same as n79
	Same as n104
	Relaxed from FR1 if beamforming is feasible

	5.4
	ACS
	
	
	



3 Conclusion
In this contribution, we discussed the questions addressed to 3GPP by WP5D and provided our preliminary thought focussing on the UE RFFE impacted parameters.
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