3GPP TSG-RAN WG4 Meeting #90Bis
R4-1903513
Xi'an, China, 8th – 12th April 2019
Source: 
Skyworks Solutions, Inc.
Title: 
7.125 - 24.25GHz Frequency Range from a UE Perspective
Agenda Item:
10.4.4
UE RF
[FS_7to24GHz_NR]
Document for:
Approval
1. Introduction
In RAN4#90, several contributions [1, 2] discussed the 7.125 to 24.25 GHz frequency range and how to split this  in sub-ranges when comparing it to FR1 and FR2. This contribution further explores this frequency range for the UE and its potential impact on the requirement.
2. Discussion
One of the main aspects to be agreed for this 7.125 - 24.25 GHz frequency range is whether it can be treated like FR1 and/or FR2. This can be discussed in terms of technology, testability but also in terms of FR1 and FR2 requirement that may or may not apply. To analyze this, we will discuss whether 12 GHz could serve as a transition frequency between “FR1 like” and “FR2 like” approaches.
2.1. UE Technology Aspects
With a mobile phone used as the typical UE example, some clear criteria can be found to assess the “FR1 like” or “FR2 like” sub-ranges within 7.125 - 24.25 GHz regions. Nevertheless, other types of UE (CPE) may also need to be considered and an exact frequency limit between “FR1 like” or “FR2 like” is harder to define.
2.1.1. Antenna Technology

For a mobile phone, 2x4 to 4x4 phase array antenna can be implemented in FR2. Considering a 24 GHz 4x4 array size, at 12 GHz only a 2x2 array is feasible at least for area/volume constrained UEs. Since 4x4 DL MIMO is the preferred implementation above 2.4 GHz it means that 12 GHz is the frequency where 4 antennas can be supported in DL either in a MIMO or a beam forming approach. On the UL however, FR2 has the same number of DL/UL path , where FR1 has 1 UL path per default or possibly supports 2x2 optionally.

Furthermore, is it possible that UEs that have larger areas (CPE, cars…) could support larger arrays at this frequency.

Still one key aspect of FR2 antenna is that the array is dedicated to a band where in FR1 antennas can be shared across many bands. From that aspect, we see no practical issue to multiplex the 7.125-12 GHz frequency range to existing 4x4 antennas designed for frequencies >3.3GHz thus allowing easy integration with current NR phone definition.

It is to be noted here that UWB application has been implemented with “FR1 like” implementations in the 3.1-10.6 GHz range. 

Observation 1 at 12 GHz: 

· Both FR1like 4x4 DL MIMO or FR2 like 2x2 beam forming array are feasible. 

· However, in UL, FR1 like approach would be limited to single path or possibly 2x2 UL MIMO
· FR1 like antenna enables multiplexing with FR1 bands to a same 4 antenna set
· Larger UEs like CPE or vehicles may accommodate > 4x4 arrays

2.1.2. RF Front End Technology

Current RF front-end technology used for >3.3GHz TDD bands and Wi-Fi can be extended at least up to 12 GHz. 

GaAs or Si based power amplifier technologies used in FR1 for NR and Wi-Fi can support up to 1W peak power at reasonable gain thus enabling reasonable peak currents. Still, some antenna gain via UL MIMO would be preferable as it would lower the total power and higher EIRP are achieved.

Technology used for LNA and switches are already suitable for both FR1 and FR2 with only more aggressive lithography used at higher frequencies, these can naturally support any approach within the 7.125 - 24.25 GHz range. Below 12 GHz it is feasible that a switch supporting branches for FR1 frequencies would support one branch up to 12 GHz.

LC filters using printed elements in a module or a passive substrate should also be feasible up to 12 GHz but would require special attention of the ground design. High Q filtering is limited but diplexing and harmonic rejection function should be feasible.

Technologies used in FR2 are obviously able to support the 7.125 - 24.25 GHz frequency range but at lower frequencies, integrating matchings and phase shifters has a significant impact on size and using more advanced technologies, it may impact the cost negatively.

One aspect to consider also is the frequency at which it is feasible to integrate with FR1 or FR2 circuitry.
2.1.3. Testability

Test equipment and cables allowing conducted measurements up to 12 GHz is state of the art with good measurement precision and should be the preferred approach and UE connectors are feasible. Main issue will be related to spurious and harmonic measurements but it should be noted that this is already the case for 3rd harmonic of FR1 n77/79 bands and the unlicensed 5-7 GHz bands.

In any case, radiated measurements are needed if beamforming is used.

Proposal 1: 
· 12 GHz is used as a starting point for the transition frequency between “FR1 like” and “FR2 like” implementations in the 7.125-24.25 GHz range. 

· 10-14 GHz frequency range is studied for potential application of both FR1 and FR2 implementations depending on the service and UE type.

· Three frequency sub-ranges are studied:

· 7.125 - 12 GHz with FR1 like implementation

· 12 - 24.25 GHz with FR2 like implementation

· 10 – 14 GHz accommodating both implementations

2.2. Applicability of FR1 and FR2 Requirements

2.2.1. Channel BW and SCS
Currently FR1 uses 15, 30 and 60 kHz SCS and FR2 uses 60 and 120 kHz SCS. For the 7.125-24.25 GHz range the SCS to be supported mainly depends on the maximum channel bandwidth and minimum synchronization channel to be supported. In table 1 these limits can be found with the associated relative bandwidth at 7, 12 and 24GHz.
Table 1: Applicability of different SCS to 7.125-24.25GHz
	SCS
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	Minimum Synchronization  channel (127RB)
	5MHz
	10MHz
	15MHz
	30MHz

	Maximum Channel frequency (4096 FFT)
	50MHz
	100MHz
	200MHz
	400MHz

	% bandwidth at 7GHz
	0.7%
	1.4%
	2.9%
	5.7%

	% bandwidth at 12GHz
	0.4%
	0.8%
	1.7%
	3.3%

	% bandwidth at 24GHz
	0.2%
	0.4%
	0.8%
	1.7%


If, like in FR1, we continue to assume that around 3-4% relative bandwidth is an acceptable design target for high performance power amplifiers, 200 MHz channel bandwidth can be used from the lower end of the 7.125 - 24.25 GHz range and 400 MHz from 12 GHz and above. Separately, it does not seem useful to maintain support for 15 KHz SCS at frequencies above 7 GHz as 10 MHz synchronization channels can be supported, and unless channels below 50MHz would be used in many deployments, there are no benefits in SU.
Observation 2: 

· Support of 5 to 200 MHz channel bandwidth up to 12 GHz  justifies use of 60 kHz SCS

· Support of 10 to 400 MHz channel bandwidth up to 24.25 GHz justifies use of 120 kHz SCS

· 15 KHz SCS does not seem essential for operation in 7.125 - 24.25 GHz

Proposal 2: 

· 30 kHz and 60 kHz SCS and associated 100 MHz and 200 MHz channels are enabled up to 12 GHz

· 60 kHz and 120 kHz SCS and associated 200 MHz and 400 MHz channels are enabled up to 24.25 GHz

· Unless justified by the need for narrow channels, 15 kHz SCS is not supported
2.2.2. Need for a FR1 anchor band

For high mobility support, it seems essential that operation in the 7.125 - 24.25 GHz is associated with an anchor in FR1 regardless of frequency of operation below or above 12 GHz. For use cases with more predictable mobility like fixed wireless access and possibly satellite links, stand-alone operation may be feasible.

Proposal 3: EN or NN-DC NSA with FR1 anchor and stand-alone operation should be studied for 7.125 - 24.25 GHz frequency range.
2.2.3. In Device Coexistence within 7.125 - 24.25 GHz and with FR1 and FR2
When FR1 and FR2 ranges have been discussed and when, more recently the FR1 range extension was agreed, a few aspects were considered for in device coexistence:

· Antennas were separate and of different nature (omnidirectional for FR1 and beam formed for FR2)

· Harmonic interference via UL harmonics of FR1 to FR2 receiver or harmonic mixing issue for FR1 receiver to FR2 UL signal only happened above third order.

· IMDs related to the two UL were not a concern due to a frequency separation > 17 GHz

For the 7.125 - 24.25 GHz range this no longer the case:

· It can be affected by 2nd and 3rd order UL harmonics of FR1 and of its own range
· It can be affected by 3rd and 5th order harmonic mixing of FR2and of its own range

· It can affect FR2 range by its 2nd to 7th harmonic

· It may share the same antenna with FR1 at least below 12 GHz

Observation 3: If FR1 like approach is used up to 12 GHz, it is to be noted that FR2 is only affected by H3 and above and benefits from separated antennas and different antenna types.

Proposal 4: In device coexistence should be evaluated for:

· FR1 to 7.125 - 24.25 GHz frequency range

· 7.125 - 24.25 GHz frequency range to FR2

· Within 7.125 - 24.25 GHz frequency range

2.2.4. SAR versus MPE

Most of the SAR test equipments are set up to measure up to 6 GHz and thus do not cover the 7.125 - 24.25 GHz frequency range and based on a rapid regulation survey it seems that only MPE is tested above 6GHz. It already does not cover the 6 - 7.125 GHz range recently added to FR1.

Observation 4: Only MPE may apply in the 7.125 - 24.25 GHz, RAN4 needs to look into the frequency limits of application of SAR and MPE. 
2.3. Proposals for Study
As discussed above, 12 GHz frequency seems a good starting point for the transition frequency between FR1 like implementation (conducted requirements, MIMO antennas) and FR2 like (radiated requirements, beam-forming arrays) implementations. Also, it is believed that depending on the services, the type of link and the UE type, both implementations could coexist in the 10 – 14 GHz range.
Observation 5: If it is clear that, if for the DL side, at 12 GHz a similar number of antennas would be available for MIMO or beam-forming operation, the FR1 like implementation may be too limited in UL.

There would be beneficial to study and possibly mandate coherent 2x2 and/or 4x4 UL MIMO in the 7.125 - 12 GHz range. At these frequencies, it would be beneficial for the associated antenna gain to enhance UL range. Use of 2x20 dBm or 4x17 dBm PA would result in similar peak currents as a single 23 dBm PA at these frequencies.

Proposal 5: 
· Beam-forming is studied above 10 GHz 

· 2x2 and 4x4 coherent UL MIMO is studied at least for 7.125 - 12GHz range

· It is FFS if UL SISO, 2x2 and 4x4 coherent UL MIMO features are optional or mandatory
3. Conclusions

In this contribution we evaluated many of the different aspects of implementing the 7.125 - 24.25 GHz range in a UE. Especially we discussed how UE implementation in this frequency range compares with FR1 and FR2 in terms of technology and requirements. This allowed us to formulate a number of observations and associated recommendations summarized below for the study.
Proposal 1: 

· 12 GHz is used as a starting point for the transition frequency between “FR1 like” and “FR2 like” implementations in the 7.125-24.25 GHz range. 

· 10-14 GHz frequency range is studied for potential application of both FR1 and FR2 implementations depending on the service and UE type.

· Three frequency sub-ranges are studied:

· 7.125 - 12 GHz with FR1 like implementation

· 12 - 24.25 GHz with FR2 like implementation

· 10 – 14 GHz accommodating both implementations

Proposal 2: 

· 30 kHz and 60 kHz SCS and associated 100 MHz and 200 MHz channels are enabled up to 12 GHz

· 60 kHz and 120 kHz SCS and associated 200 MHz and 400 MHz channels are enabled up to 24.25 GHz

· Unless justified by the need for narrow channels, 15 kHz SCS is not supported
Proposal 3: EN or NN-DC NSA with FR1 anchor and stand-alone operation should be studied for 7.125 - 24.25 GHz frequency range.
Proposal 4: In device coexistence should be evaluated for:

· FR1 to 7.125 - 24.25 GHz frequency range

· 7.125 - 24.25 GHz frequency range to FR2

· Within 7.125 - 24.25 GHz frequency range

Proposal 5: 
· Beam-forming is studied above 10 GHz 

· 2x2 and 4x4 coherent UL MIMO is studied at least for 7.125 - 12GHz range

· It is FFS if UL SISO, 2x2 and 4x4 coherent UL MIMO features are optional or mandatory
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