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1. Introduction
This contribution discusses the different aspects of UE to UE and in-device inter-band coexistence between mmW NR radios and sub-6GHz LTE and NR radios. It covers qualitative analysis for some of the emission related TX requirements from Ljubljana meeting way forward on UE RF Requirements for mmWave [1] together with some of the aspects treated in [2]. Although mainly for discussion, this contribution seeks for approval of some architecture assumptions and required studies.
2. Discussion
In the last RAN4#80bis meeting in Ljubljana NR sessions, there were discussions around co-existence of mmW radio and sub-6GHz radios [1, 2]. This contribution discusses the different aspects to be taken into account in order to analyse the problem of both UE to UE co-existence but also of in-device coexistence. As the in-device co-existence is by far the most stringent due to the tight coupling of the radios, it will be used to define the key co-existence mechanisms and their related issue and UE to UE case will be derived based on possible simplifications.
2.1. Architecture assumptions and co-existence case study.

2.1.1. Assumptions on sub-6GHz and mm Wave antennas.
In the last meeting, some companies were asking for potentially combining options between the sub-6GHz and mmW radios in the UE. Below 6GHz the target RFFE architecture tends to combine all bands into a single antenna. This is not necessarily the case that the 5GHz WiFi or the 3.5GHz bands can be combined onto the same antenna than the 700MHz bands.
Extending the concept of a shared antenna from 700MHz to mmW is not physically practical:

· Antenna physical dimensions at 700MHz or 28GHz 

· Antenna type will differ significantly between sub-6GHz antenna (PIFA) and mmW array (patch, dipoles…)

· Although multiple antennas are used for sub-6GHz, they are separated to enable spatial diversity where at mmW multiple (>4) antennas are arranged in arrays to enable beam-forming

· Even between a 28GHz and 70GHz radio antenna sharing is unlikely since both antenna size and antenna spacing has to scale with frequency

Proposal 1: sub-6GHz and mmW antennas are separate. 28GHz and 70GHz NR radios use separate antenna arrays

This in-turn allows one to treat the in-device and UE to UE coexistence in similar ways.
2.1.2. UE to UE and in-device co-existence.

Given that separate antennas are considered for sub-6GHz and mmW and for different mmW radios when implemented in the same UE the coexistence aspects can be studied in common with the following differences:

· For in-device coexistence a separate coupling path exists via the PCB/shield isolations

· For in-device coexistence the antennas although not shared, may be co-located in the UE thus near field coupling should be assumed thus beam forming gain may not be valid.

For these reasons and the fact that UE to UE distance is higher, the in-device coexistence is the worst case

Proposal 2: for in-device coexistence PCB and shield isolation at mmW frequencies must be studied
Observation 1: If in-device inter-band coexistence is insured then UE to UE inter band coexistence is guaranteed.
2.1.3. Co-existence case study.

Given that most of the issues encountered are related to band frequency separation, such as filter and active element selectivity and, harmonic decay, it is proposed that a quantitative study should focus on inter-band coexistence for lowest frequency separation for sub-6GHz and mmW radios. This corresponds to:
· B46 LAA/eLAA and B47 V2V versus “30GHz” band ie 24GHz in region1 and 28GHz in region2

Proposal 3: Sub-6GHz and mmW inter-band coexistence study should focus on B46/47 vs 28GHz band as a first step

Although for similar reasons one could expect that mmW to mmW inter-band coexistence should use “30GHz” and “45GHz” band it could be assumed that the device only covers one licensed band and one unlicensed band thus “30GHz” band vs “70GHz band” seems more appropriate and corresponds to:

· 28GHz and 64GHz mmW bands in region 2 

· 24GHz and 66GHz mmW bands in region 1
· Since the first one is the most stringent, it should be the focus

Proposal 4: mmW inter-band coexistence study should focus on 28GHz band vs 64GHz bands as a first step

To further focus the early work, the different interfering mechanisms should also be prioritized and provide a worse case approach from a statistical point of view. For this, we propose to classify the interfering mechanisms in term of order: the order number is equivalent to the number of interfering signals needed to generate the issue:

· First order is with a single interferer: 

· transmitter noise in RX band,

· transmitter harmonic in RX band
· receiver blocking due to transmitter leakage

· receiver harmonic spurious response
· receiver spurious emission in another receiver band (usually much less than TX harmonics issue)

· Second order is with two interferers

· IMD from two transmitters falling into a receiver band

· Sum of noise or harmonics from two transmitters into a receive band

· IMD from one transmitter and one blocker into a receiver band

· Blocking of receiver at and IF image

· ….

Proposal 5: to focus the early work only first order interference will be studied:
· transmitter noise in RX band,

· transmitter harmonic in RX band

· receiver blocking due to transmitter leakage

· receiver harmonic spurious response
2.2. Coexistence issues for mmW receivers arising from spurious emissions of sub-6GHz transmitters.

Note: In the next chapters, attenuation numbers will quote the difference in gain between the gain in the wanted band and the gain in the interferer band.
2.2.1. Sub-6GHz transmitter noise in mmW receiver band.

One of the key issues is to insure that the mmW receivers are not de-sensed by the transmitter noise leaking into the receive band. Although the measurement only goes up to 18GHz, Figure 1 shows the frequency response of two WiFi/eLAA PAs and shows that the selectivity of the matching stages results in no more gain above 10GHz and that >60dB selectivity is achieved. This should ensure that via the further selectivity of the RF FE filter and antenna plus the antenna to antenna isolation, the mmW antennas will not see any excess noise beyond thermal noise (excluding harmonic related cases).
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Figure 1: 5GHz WiFi/eLAA PA frequency response
Observation 2: Sub-6GHz transmitter chain selectivity and antenna isolation guaranties that only thermal noise shall be considered at mmW receiver input (excluding potential harmonic issue).
2.2.2. sub-6GHz transmitter harmonics falling in mmW receiver band

Table 1 and 2 summarize the list of potential sub-6GHz transmitter harmonics falling into the mmW band for region 2 and 1 respectively as examples.
Table 1: potential sub-6GHz transmitter harmonics interfering with mmW bands in region 2

[image: image2.emf]27500 28350 38600 40000 64000 71000

Low High Low High Low High Low High

2FDD NAR 1850 1910 15 27750 28650 2138850 40110 35 64750 66850

4FDD NAR 1710 1755 16 27360 28080 2339330 40365 38 64980 66690

5FDD NAR 824 849 33 27192 28017 4637904 39054 78 64272 66222

10FDD NAR 1710 1770 16 27360 28320 2339330 40710 38 64980 67260

12FDD NAR 699 716 39 27261 27924 5538445 39380 92 64308 65872

13FDD NAR 777 787 36 27972 28332 5139627 40137 83 64491 65321

14FDD NAR 788 798 35 27580 27930 4938612 39102 82 64616 65436

17FDD NAR 704 716 39 27456 27924 5538720 39380 91 64064 65156

23FDD NAR 2000 2020 14 28000 28280 32 64000 64640

24FDD NAR 1626.5 1660.5 17 27650.5 28228.5 2439036 39852 40 65060 66420

25FDD NAR 1850 1915 15 27750 28725 2138850 40215 35 64750 67025

26FDD NAR 814 849 33 26862 28017 4637444 39054 79 64306 67071

27FDD NAR 807 824 34 27438 28016 4838736 39552 80 64560 65920

30FDD NAR 2305 2315 12 27660 27780 1739185 39355 28 64540 64820

35TDD NAR 1850 1910 15 27750 28650 2138850 40110 35 64750 66850

36TDD NAR 1930 1990 14 27020 27860 2038600 39800 34 65620 67660

37TDD NAR 1910 1930 34 64940 65620

46TDD WW 5150 5925 5 25750 29625 736050 41475 12 61800 71100

47TDD WW 5855 5925 846840 47400 11 64405 65175

48TDD NAR 3550 3700 1139050 40700 18 63900 66600

66FDD NAR 1710 1780 16 27360 28480 2339330 40940 38 64980 67640

70FDD NAR 1695 1710 2338985 39330 38 64410 64980

ISM2400TDD WW 2400 2483.3 11 26400 27316.3 1638400 39732.8 27 64800 67049.1
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Table 2: potential sub-6GHz transmitter harmonics interfering with mmW bands in region 1
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1 FDD All 1920 1980 13 24960 25740 24 46080 47520 35 67200 69300

3 FDD All 1710 1785 15 25650 26775 27 46170 48195 39 66690 69615

7 FDD EMEA2500 2570 10 25000 25700 18 45000 46260 27 67500 69390

8 FDD All 880 915 29 25520 26535 53 46640 48495 77 67760 70455

20 FDD EMEA 832 862 31 25792 26722 55 45760 47410 81 67392 69822

22 FDD EMEA3410 3490 8 27280 27920 14 47740 48860 20 68200 69800

33 TDD EMEA1900 1920 13 24700 24960 24 45600 46080 35 66500 67200

34 TDD EMEA2010 2025 13 26130 26325 23 46230 46575 33 66330 66825

38 TDD EMEA2570 2620 10 25700 26200 18 46260 47160 26 66820 68120

41 TDD All 2496 2690 10 24960 26900 18 44928 48420 27 67392 72630

42 TDD EU 3400 3600 7 23800 25200 13 44200 46800 20 68000 72000

43 TDD EU 3600 3800 7 25200 26600 13 46800 49400 19 68400 72200

46 TDD WW 5150 5925 5 25750 29625 7 36050 41475 12 61800 71100

47 TDD WW 5855 5925 8 46840 47400 11 64405 65175

65 FDD All 1920 2000 13 24960 26000 23 44160 46000 35 67200 70000

ISM2400 TDD WW 2400 2483.3 11 26400 27316.3 16 38400 39732.8 27 64800 67049.1
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As can been seen from both tables, almost all LTE bands transmitters have harmonics falling into mmW bands. The worst cases being for 3.5GHz (B42/43) and 5GHz (B46) bands where 5th and 7th harmonics should be considered and although the PAs, filter and antenna selectivity together with antenna isolation shall be considered, de-sense of the mmW receiver may be significant at least for the in-device coexistence case.
Observation 3: 
· 28GHz receiver de-sense by B46 transmitter 5th harmonic is likely for in-device co-existence
· Spurious emissions being specified only up to 26GHz for B46 it must be studied if it appropriately provides guaranty for UE to UE sub-6GHz to mmW inter-band coexistence 
2.2.3. mmW receiver blocking due to sub-6GHz transmitter 
Receiver blocking happens in presence of a strong interfering signal while receiving a weak wanted signal. Mechanisms resulting in receiver de-sense can be related to: receiver cross-compression, reciprocal mixing due to RX LO phase noise, IMD2 related to interferer signal envelope and other causes.
In current LTE receivers, IMD2 issue is usually the most stringent and it may further be the case at mmW bands as designing precision balanced mixers and LO duty cycle is more challenging. For LTE this requires at least 50dB attenuation of the transmitter signal, but in mmW case, an extra 10dB isolation is probably needed.
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Figure 2: 28GHz LNA wide band (left) and sub-6GHz  frequency response
Figure 2 shows a 28GHz LNA frequency response from 0 to 66GHz and in the sub-6GHz region.

It is to be noted from Figure 2 that a reverse isolation in excess of 40dB is measured in the whole mmW region which shows that PCB isolation above 50dB can be anticipated at those frequencies and that it could be further enhanced with shielding.
In the 1GHz to 6GHz region this design unfortunately suffers from some gain peaking most probably due to bias and supply decoupling. Nevertheless, both performance below 2GHz and between 6 and 9GHz show that at least 30dB attenuation can be achieved based on matching element selectivity, provided that gain peaking is avoided with proper decoupling. If antenna isolation, antenna selectivity and simple DC coupling HPF around the T/R switch are assumed 60dB of sub-6GHz transmitter signal attenuation should be achievable.
Observation 4: with proper design of the mmW receiver frequency response below 6GHz, coexistence issue due to receiver blocking is unlikely for in-device coexistence and can be ignored for UE to UE inter-band coexistence.
2.2.4. mmW receiver spurious harmonic response in sub-6GHz bands 
Although the mmW receiver should not have any spurious harmonic response in the sub-6GHz band since it is higher in frequency, it may have sub-harmonic response in case of a heterodyne architecture. It is suggested here that this is not studied as a first step.

Proposal 6: to focus the early work it is proposed that mmW heterodyne receiver potential spurious responses in sub-6GHz band is not studied as a first step.
2.3. Coexistence issues for sub-6GHz receivers arising from spurious emissions of mmW transmitters.

2.3.1. mmW transmitter noise in sub-6GHz receiver band.

Figure 3 shows the wideband and sub-6GHz frequency response of a two stage 60GHz PA.
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Figure 3: 60GHz PA wideband (left) and sub-6GHz (right) frequency response

About 40dB attenuation is observed in the 1 to 6GHz region but this 40dB attenuation is also obtained for all frequencies below 25GHz. Thus it can be anticipated that with a proper design, the same 40dB of attenuation will be achievable by a 28GHz PA in the sub-6GHz region. Adding the further selectivity of antennas and antenna isolation the mmW transmitters noise leakage in the sub-6GHz receive bands should raise the thermal noise floor only marginally in the in-device coexistence case provided low phase noise of 28GHz TX LO. This should not be an issue for UE to UE coexistence.
Observation 5: mmW transmitter chain selectivity and antenna isolation may result in a marginal thermal noise rise at sub-6GHz receiver input for the in-device coexistence case but can be ignored for UE to UE inter-band coexistence
2.3.2. mmW transmitter harmonics in sub-6GHz receiver band.

The mmW transmitters being in frequencies above the sub-6GHz band there is no harmonic issues to be anticipated. Still in case of a transmitter IF there could be related spurious emissions in the sub-6GHz receiver bands, it is proposed here not to study those at least as a first step.

Proposal 7: to focus the early work it is proposed that mmW heterodyne transmitter potential spurious responses in sub-6GHz band is not studied as a first step.
2.3.3. Blocking of sub-6GHz receiver by mmW transmitter

As discussed in the previous chapter the main blocking mechanism to consider is IMD2 issues related to the mmW transmitter signal envelope.
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Figure 4: 5GHz WiFi/LAA LNA frequency response

Figure 4 above shows the frequency response of a 5GHz WiFi LNA and although it is only covering up to 18GHz it shows that in excess of 40dB attenuation can be anticipated above 15GHz. Together with RF FE filter, antenna selectivity and antenna isolation this should prevent any sub-6GHz receiver blocking due to mmW transmitter signal.

It is to be noted that the 5GHz LNA selectivity is lower than that of the 5GHz PA which is easily understood as the PA uses more stages thus more matching sections providing selectivity. Still, the receiver selectivity must also take into account the further selectivity of the transceiver.

Observation 6: Non harmonic related blocking of sub-6GHz receiver by mmW transmitter signal is unlikely for in-device inter-band coexistence and can be ignored for UE to UE.

2.3.4. Spurious harmonic response of sub-6GHz receiver in mmW bands.
Another possible receiver issue arises from spurious harmonic responses. These are due to the use of “square LO signals” that are needed to provide good noise figure and IP2. This is especially the case at odd harmonics of the LO since the designs are usually balanced and thus cancels even harmonic responses. In case of a square signal for example the mixer gain at the 3rd harmonic may only be 9dB below the gain at the wanted frequency. Since the interfering signal may be >100dB higher than the wanted signal this can reveal being a major coexistence issue.
Tables 3 and 4 summarizes such spurious harmonic responses for sub-6GHz bands at mmW bands for region 2 and 1 respectively as examples.

Here again it can be seen that 3.5GHz and 5GHz bands suffer from 5th and 7th harmonic responses. In this case the receive mixer will benefit from:

· Harmonic decay of more than 15dB

· 40dB attenuation from the LNA from previous chapter together with the RF FE filter and antenna selectivity
· and antenna isolation
Still this may reveal an issue for in-device coexistence and can possibly be ignored for UE to UE thanks to further antenna isolation due to distance and beam forming. The difference in signal BW between mmW and sub-6GHz also needs to be taken into account.
Observation 7: Spurious harmonic response of sub-6GHz receiver to mmW transmitter is a probable issue for in-device coexistence especially for 5th and 7th harmonic cases but may possibly be ignored for UE to UE coexistence.

Table 3: Spurious harmonic response of sub-6GHz receivers falling into mmW transmitter bands for region 2.
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Low High Low High Low High Low High

2FDD NAR 1930 1990 14 27020 27860 20 38600 39800 34 65620 67660

4FDD NAR 2110 2155 13 27430 28015 18 37980 38790 31 65410 66805

5FDD NAR 869 894 32 27808 28608 44 38236 39336 74 64306 66156

10FDD NAR 2110 2170 13 27430 28210 18 37980 39060 31 65410 67270

12FDD NAR 729 746 38 27702 28348 53 38637 39538 88 64152 65648

13FDD NAR 746 756 37 27602 27972 52 38792 39312 86 64156 65016

14FDD NAR 758 768 36 27288 27648 51 38658 39168 85 64430 65280

17FDD NAR 734 746 38 27892 28348 53 38902 39538 88 64592 65648

23FDD NAR 2180 2200 13 28340 28600 18 39240 39600 30 65400 66000

24FDD NAR 1525 1559 18 27450 28062 26 39650 40534 43 65575 67037

25FDD NAR 1930 1995 14 27020 27930 20 38600 39900 34 65620 67830

26FDD NAR 859 894 32 27488 28608 45 38655 40230 75 64425 67050

27FDD NAR 852 869 32 27264 27808 46 39192 39974 76 64752 66044

30FDD NAR 2350 2360 12 28200 28320 17 39950 40120 28 65800 66080

35TDD NAR 1850 1910 15 27750 28650 21 38850 40110 35 64750 66850

36TDD NAR 1930 1990 14 27020 27860 20 38600 39800 34 65620 67660

37TDD NAR 1910 1930 34 64940 65620

46TDD WW 5150 5925 5 25750 29625 7 36050 41475 13 66950 77025

47TDD WW 5855 5925 8 46840 47400 11 64405 65175

48TDD NAR 3550 3700 11 39050 40700 19 67450 70300

66FDD NAR 2110 2200 13 27430 28600 18 37980 39600 31 65410 68200

70FDD NAR 1995 2020 14 27930 28280 20 39900 40400 33 65835 66660
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Table 4: Spurious harmonic response of sub-6GHz receivers falling into mmW transmitter bands for region 1.
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Low High Low High Low High Low High

1 FDD All 2110 2170 12 25320 26040 22 46420 47740 32 67520 69440

3 FDD All 1805 1880 14 25270 26320 25 45125 47000 37 66785 69560

7 FDD EMEA2620 2690 10 26200 26900 17 44540 45730 26 68120 69940

8 FDD All 925 960 27 24975 25920 49 45325 47040 72 66600 69120

20 FDD EMEA 791 821 31 24521 25451 57 45087 46797 84 66444 68964

22 FDD EMEA3510 3590 7 24570 25130 13 45630 46670 19 66690 68210

33 TDD EMEA1900 1920 13 24700 24960 24 45600 46080 35 66500 67200

34 TDD EMEA2010 2025 13 26130 26325 23 46230 46575 33 66330 66825

38 TDD EMEA2570 2620 10 25700 26200 18 46260 47160 26 66820 68120

41 TDD All 2496 2690 10 24960 26900 18 44928 48420 27 67392 72630

42 TDD EU 3400 3600 7 23800 25200 13 44200 46800 20 68000 72000

43 TDD EU 3600 3800 7 25200 26600 13 46800 49400 19 68400 72200

46 TDD WW 5150 5925 5 25750 29625 7 36050 41475 13 66950 77025

47 TDD WW 5855 5925 8 46840 47400 11 64405 65175

65 FDD All 2110 2200 12 25320 26400 21 44310 46200 32 67520 70400

ISM2400 TDD WW 2400 2483.3 12 28800 29799.6 16 38400 39732.8 27 64800 67049.1
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2.4. Coexistence issues for mmW receiver arising from concurrent transmission in sub-6GHz and mmW bands.

2.4.1. mmW transmitter noise in mmW receiver band.

Figure 5 shows the same PA frequency response than in Figure 3, but now with a focus on the 28GHz band region on the right. It shows that close to 40dB of attenuation can be achieved. Due to lack of 28GHz PA measurement the study is incomplete.
[image: image11.png]-10

[Gp] ZTS uonejos asianay

o 9o ©o© o o o
§ 8 § & 8 K

A

b

—S521

—512

20
10

Hmz, 128 L_mu

18 24 30 36 42 48 54 60 66

12

Frequency [GHz]




[image: image12.png]20

10

L
2

Gain S21 [dB]
Y
S

&
&

-40

24

25

27
Frequency [GHz]

28

29

30





Figure 5: 60GHz PA wideband (left) and 28GHz band (right) frequency response

Given this number and the further antenna selectivity and antenna isolation/beam forming gain, noise leakage in the 28GHz band should be negligible but this is obviously not the case in the “45GHz band”. For UE to UE the additional antenna isolation may be enough.
Observation 8: mmW transmitter noise leakage in mmW receiver band may prove being an issue for in-device coexistence and may need further study for UE to UE coexistence. 
2.4.2. mmW transmitter harmonic in mmW receiver band.

It should be noted in particular that 24GHz region 1 band 3rd harmonic falls within the unlicensed 66 to 76GHz band. It is also to be noted that harmonics may not be beam-formed.
Observation 9: potential mmW transmitter harmonic falling into other mmW bands must be studied by regions.

It should be noted that some form of real time coordination may mitigate the issue.
2.4.3. mmW receiver blocking by another mmW transmitter.
Here all cases cannot be illustrated due to lack of measurements but based on Figure 2 it can be seen that a 28GHz LNA has about 20dB of attenuation of the 64GHz band and with some post LNA filtering, antenna selectivity, antenna isolation and directivity/beam forming gain, it seems feasible to achieve up to 50dB isolation. The “30GHz” to “45GHz” case is more problematic and further selectivity may be required for in-device coexistence.

Observation 10: receiver blocking performance may prove marginal for mmW inter-band in-device coexistence but should be viable for UE to UE mmW inter-band coexistence. 
2.4.4. mmW receiver spurious harmonic response in mmW transmitter band.

Similar than in the transmitter harmonic case the 24GHz receiver 3rd harmonic spurious response falls into the 66 to 76GHz transmitter band. It is to be noted that some form of real time coordination may mitigate the issue.
Observation 11: potential mmW receiver spurious harmonic response falling into other mmW bands must be studied by regions.
3. Conclusion
A detailed methodology to study inter-band LTE/NR coexistence from sub-6GHz to mmW bands has been discussed for both in-device and UE to UE coexistence and provides a number of proposals and observations. 

Proposals: Although this contribution makes simplification and prioritization proposals for a first step to dimension the problem and define a common methodology for analysis, it does not preclude any further detailed analysis.

Proposal 1: sub-6GHz and mmW antennas are separate. 28GHz and 70GHz NR radios use separate antenna arrays.

Proposal 2: for in-device coexistence PCB and shield isolation at mmW frequencies must be studied

Proposal 3: Sub-6GHz and mmW inter-band coexistence study should focus on B46/47 vs 28GHz band as a first step

Proposal 4: mmW inter-band coexistence study should focus on 28GHz band vs 64GHz bands as a first step

Proposal 5: to focus the early work only first order interference will be studied:

· transmitter noise in RX band
· transmitter harmonic in RX band

· receiver blocking due to transmitter leakage

· receiver harmonic spurious response

Proposal 6: to focus the early work it is proposed that mmW heterodyne receiver potential spurious responses in sub-6GHz band is not studied as a first step.

Proposal 7: to focus the early work it is proposed that mmW heterodyne transmitter potential spurious responses in sub-6GHz band is not studied as a first step.
This contribution also makes a number of observations based on early measurements of 5GHz WiFi/LAA/eLAA and mmW components, although this is not complete yet it does provide input has to the main issues that will require further study for both in-device and UE to UE inter-band coexistence.
Observation 1: If in-device inter-band coexistence is insured then UE to UE inter band coexistence is guaranteed.
Observation 2: Sub-6GHz transmitter chain selectivity and antenna isolation guaranties that only thermal noise shall be considered at mmW receiver input (excluding potential harmonic issue).

Observation 3: 
· 28GHz receiver de-sense by B46 transmitter 5th harmonic is likely for in-device co-existence
· Spurious emissions being specified only up to 26GHz for B46 it must be studied if it appropriately provides guaranty for UE to UE sub-6GHz to mmW inter-band coexistence 
Observation 4: with proper design of the mmW receiver frequency response below 6GHz, coexistence issue due to receiver blocking is unlikely for in-device coexistence and can be ignored for UE to UE inter-band coexistence.
Observation 5: mmW transmitter chain selectivity and antenna isolation may result in a marginal thermal noise rise at sub-6GHz receiver input for the in-device coexistence case but can be ignored for UE to UE inter-band coexistence
Observation 6: Non harmonic related blocking of sub-6GHz receiver by mmW transmitter signal is unlikely for in-device inter-band coexistence and can be ignored for UE to UE.
Observation 7: Spurious harmonic response of sub-6GHz receiver to mmW transmitter is a probable issue for in-device coexistence especially for 5th and 7th harmonic cases but may possibly be ignored for UE to UE coexistence.

Observation 8: mmW transmitter noise leakage in mmW receiver band may prove being an issue for in-device coexistence and may need further study for UE to UE coexistence. 
Observation 9: potential mmW transmitter harmonic falling into other mmW bands must be studied by regions.
Observation 10: receiver blocking performance may prove marginal for mmW inter-band in-device coexistence but should be viable for UE to UE mmW inter-band coexistence.
Observation 11: potential mmW receiver spurious harmonic response falling into other mmW bands must be studied by regions.
Specific note on in-device coexistence: the above observations are only valid assuming in excess of 60dB PCB/Shielding isolation for in-device coexistence and are fully valid for UE to UE coexistence
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