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1 Introduction
In previous RAN4 meeting, the requirement coverage for mm-wave frequency bands has been discussed. In [1], general considerations in relation to mm-wave frequency bands were further elaborated. In this paper, the need and rationale for exclusion of some requirements for mm-wave frequency bands is further discussed.
2 Discussion
As discussed in [1], OTA requirements and testing are an obvious necessity for mm-wave frequency bands and even possibly lower frequencies (e.g. between 6 and 24 GHz). Although not always necessary, OTA requirements also need to be developed for below 6GHz to facilitate efficient implementation of large array BS. For mm wave, given the complexity of OTA testing and the time constrains for first release of NR, careful consideration on “requirement coverage” should be made to reduce the number of requirements to essential requirements. 
In the following chapters, some mm-wave requirements which might not add any value to specification is further discussed.

2.1 Transmit intermodulation
The transmit intermodulation with interferer level of 30 dB below wanted signal (for sub-6 GHz) is not useful for mm-wave frequencies because isolation is significantly higher for mm-waves frequencies. As indicated in Figure 1, the element isolation for the reasonable separation on 10 cm is larger than 50 dB making the requirement obsolete as this not pose any stress on the implementation, 
Thus the TX intermodulation requirement could be excluded in the specification for mm-wave frequency bands. Similar re-visit of co-location requirements would be required not only due to significantly higher isolation but also the complexity of filtering which is further discussed in the following chapters.
Proposal 1: RAN4 should exclude transmit intermodulation as a requirement for mm-wave frequency bands.
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Figure 1
Element isolation for 30 GHz antenna and 10 cm separation (blue)
2.2 Co-location spurious emission requirements

2.2.1 Co-location requirements towards band close to operating bands
There is a need to consider possible co-location requirements for bands close to operating band in mm-wave frequency ranges and the mm-wave filtering capabilities. In addition to higher isolation as described in the transmit intermodulation chapter, in [2], example filter of PCB integrated mm-wave filters were thoroughly discussed which should be taken to account. An example filter performance and characteristics was demonstrated in [2] which is also reflected in Figure 2.
Centre frequency: 28 GHz

3 dB bandwidth: 4x800 MHz

Insertion loss: 0.6 dB (which could double due to roughness).
Stopband 1: -30 dB within DC-21 GHz

Stopband 2: -30 dB within 38-68 GHz

Size 2x5 mm (substrate size in the figure)

 [image: image2.png]


 [image: image3.png]dB

S21&311

50 -

-60

T T 1°7
30 40 50
Freq [GHz]





Figure 2
mm-wave example filter ~28 GHz

Proposal 2: RAN4 should consider both higher isolation as well as mm-wave filter characteristics when co-location requirements for mm-wave bands towards band close to operating band is discussed.

2.2.2 Co-location requirements towards bands below 6 GHz

Considering possible co-location requirements for mm-wave bands towards sub-6 GHz, a simplified measurement was performed to understand the possible isolation between a 2 GHz antenna and ~30 GHz antenna array which is shown in Figure 3. Note that the peak around 5 GHz is an interfering WiFi ~5 Ghz otherwise the isolation is around 75-80 dB. Thus, high isolation towards sub-6 GHz making the co-location requirements obsolete.
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Figure 3
Simplified measurement set up for isolation between 2 GHz and 28 GHz antennas
Proposal 3: The co-location requirements towards sub-6 GHz due to high isolation is obsolete and should be excluded from NR specification.
2.3 Receiver dynamic range

The need for receiver dynamic range requirements has been discussed in previous RAN4 meeting. In [3], additional simulation results show that the rise over thermal is quite limited and thus no need to include the receiver dynamic range requirement for NR mm-wave frequency bands.
Proposal 4: The receiver dynamic range requirements due to very low rise over thermal is obsolete and should be excluded from NR specification.
2.4 Receiver narrowband blocking

Since minimum bandwidth is set to 50 MHz for mm-wave frequency ranges and the mm-wave operating bands being quite large, there is no need to consider narrow band blocking requirements for NR and thus should be excluded. One can consider interferer bandwidth of 50 MHz as a blocking interferer bandwidth instead.
Proposal 5: The narrow band blocking requirements should be excluded from NR specification.
2.5 Receiver out-of-band blocking

As discussed during the work for ITU-R response, due to limited filtering, out-of-band blocking with levels (not yet discussed) can be replaced with co-existence / co-location blocking requirements for the concerned frequency ranges with other system in operation. 
Proposal 6: The general out-of-band blocking for NR mm-wave frequency ranges should be excluded and instead co-existence /co-location blocking for the concerned frequency ranges is being introduced.
2.6 Receiver co-location blocking

Similar to transmitter co-location spurious emission discussions, the receiver co-location requirements should be addressed and handled. The co-location requirements for operating band in mm-wave frequency ranges towards blocker in sub-6 GHz due to high level of isolation is not necessary and should be excluded. For co-location blocking requirements in mm-wave frequency bands close to operating band, the higher isolation as well as filtering capability should be considered.
Proposal 7: The receiver blocking requirements in mm-wave frequency band with interferer at sub-6 GHz should be excluded due to high isolation and for co-location blocking requirements in mm-wave frequency bands close to operating band, the higher isolation as well as filtering capability should be considered.

3 Conclusion

In this paper, the discussion on mm-wave frequency band requirement coverage was further elaborated. Not only due to OTA testing implications but also intrinsic properties partly equipment and propagation conditions and higher achievable isolation, it was motivated why some requirements are not essential and thus can be excluded for NR mm-wave frequency bands.

We thus propose the following:

Proposal 1: RAN4 should exclude transmit intermodulation as a requirement for mm-wave frequency bands.

Proposal 2: RAN4 should consider both higher isolation as well as mm-wave filter characteristics when co-location requirements for mm-wave bands towards band close to operating band is discussed.
Proposal 3: The co-location requirements towards sub-6 GHz due to high isolation is obsolete and should be excluded from NR specification.

Proposal 4: The receiver dynamic range requirements due to very low rise over thermal is obsolete and should be excluded from NR specification.
Proposal 5: The narrow band blocking requirements should be excluded from NR specification.

Proposal 6: The general out-of-band blocking for NR mm-wave frequency ranges should be excluded and instead co-existence /co-location blocking for the concerned frequency ranges is being introduced.

Proposal 7: The receiver blocking requirements in mm-wave frequency band with interferer at sub-6 GHz should be excluded due to high isolation and for co-location blocking requirements in mm-wave frequency bands close to operating band, the higher isolation as well as filtering capability should be considered.
4 References

[1] R4-1703081, “On NR general consideration for the WI phase”, Ericsson
[2] R4-164226, “On mm-wave technologies for NR”, Ericsson

[3] R4-1705097, “Simulation results for receiver dynamic range of NR BS receiver with different     deployment scenarios”, Ericsson

