Page 2
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG4 Meeting NR#2
R4-1706802
Qingdao, China, 27th – 29th Jun 2017
Agenda item:
3.3.4.1
Source: 
NTT DOCOMO, INC.
Title: 
MSD for combinations including 3.5 GHz, 4.5 GHz and 28 GHz
Document for:
Approval
1. Introduction

There is huge number of NSA DC combinations in the Rel-15 WID whose latest revision was approved in RAN#76 [1]. In this contribution, we discuss how to handle MSD issues for some combinations in order to accelerate the discussion.
2. Proposed LTE-NR DC combinations in the WI
RAN#76 approved a revised NR WI with attachments of NR bands and NSA DC combinations [1]. Table 1 lists NSA DC combinations which include Docomo as a contact or supporting company. Note that we have already other combinations up to 5CC but focus on 2CC in this contribution as a first step.
Table 1: New LTE-NR DC combinations of the WI for LTE 1 CC + NR 1 band combination

	Combination
	contact

name, company
	other supporting companies

(min. 3)
	Harmonics up to 7th order
	IMD issues up to 5th order

	LTE bands

	NR1
(Frequency range/LTE bands)
	
	
	
	

	1
	3.3-4.2 GHz
	Suguru Okuyama 
NTT DOCOMO
	Nokia, NEC, Fujitsu
	2nd harmonic
	2nd, 4th, 5th IMD

	3
	3.3-4.2 GHz
	Suguru Okuyama 
NTT DOCOMO
	Nokia, NEC, Fujitsu, [China Unicom, Telecom Italia, Telstra, China Telecom] Deutsche Telekom
	2nd harmonic
	2nd, 3th, 4th, 5th IMD

	19
	3.3-4.2 GHz
	Suguru Okuyama 
NTT DOCOMO
	Nokia, NEC, Fujitsu
	4th and 5th harmonics
	3th, 4th, 5th IMD

	21
	3.3-4.2 GHz
	Suguru Okuyama 
NTT DOCOMO
	Nokia, NEC, Fujitsu
	No issue
	3th IMD

	28
	3.3-4.2 GHz
	Liu Bo
Huawei
	Orange, Hisilicon, Telstra, Telefonica, Swisscom, Deutsche Telekom, NTT DOCOMO, Nokia, NEC, Fujitsu
	5th harmonic
	3th, 5th IMD

	42
	3.3-4.2 GHz
	Suguru Okuyama 
NTT DOCOMO
	ETISALAT, KDDI, Softbank, NEC, Nokia
	No issue
	No issue (if sync)

	1
	4.4-4.99GHz
	Suguru Okuyama 
NTT DOCOMO
	Nokia, NEC, Fujitsu
	No issue
	No issue

	3
	4.4-4.99GHz
	Suguru Okuyama 
NTT DOCOMO
	Nokia, NEC, Fujitsu, [China Unicom]
	No issue
	3th, 5th IMD

	19
	4.4-4.99GHz
	Suguru Okuyama 
NTT DOCOMO
	Nokia, NEC, Fujitsu
	6th harmonic
	No issue

	21
	4.4-4.99GHz
	Suguru Okuyama 
NTT DOCOMO
	Nokia, NEC, Fujitsu
	No issue
	3th IMD

	28
	4.4-4.99GHz
	Suguru Okuyama, NTT DOCOMO
	Nokia, NEC, Fujitsu 
	6th and 7th harmonics
	3th IMD

	42
	4.4-4.99GHz
	Suguru Okuyama 
NTT DOCOMO
	KDDI, Softbank, NEC, Nokia 
	No issue
	No issue (if sync)

	1
	24.25-29.5GHz
	Suguru Okuyama 
NTT DOCOMO
	Nokia, NEC, Fujitsu
	No issue
	No issue

	3
	24.25-29.5GHz
	Suguru Okuyama 
NTT DOCOMO
	Nokia, NEC, Fujitsu, [Telecom Italia, Telstra], Deutsche Telekom
	No issue
	No issue

	19
	24.25-29.5GHz
	Suguru Okuyama 
NTT DOCOMO
	Nokia, NEC, Fujitsu
	No issue
	No issue

	21
	24.25-29.5GHz
	Suguru Okuyama 
NTT DOCOMO
	Nokia, NEC, Fujitsu
	No issue
	No issue

	28
	24.25-29.5GHz
	Kenichi Kihara
SoftBank Corp.
	Telstra, Nokia, NEC, Fujitsu, NTT DOCOMO
	No issue
	No issue

	42
	24.25-29.5GHz
	Suguru Okuyama 
NTT DOCOMO
	KDDI, Softbank, NEC, Nokia 
	No issue
	No issue


3. How to evaluate MSD
3.1
Combinations with NR 3.3-4.2 GHz
1UL cases

RAN4 has already specified some combinations including Band 42. Although the NR band definition in 3.3-4.2 GHz is still under discussion, the band will have larger bandwidth than Band 42. Therefore, it is most likely that the combinations with NR 3.3-4.2 GHz in Table 1 will suffer from more harmonics issues compared to LTE CA including Band 42.
If we look back to previous discussions of 2nd harmonic issue for CA_3A-42A, some assumptions to derive the MSD in Band 42 can be found [2-6]. These analyses assumed some factors such as PA harmonics characteristics, isolation between the aggressor and victim bands, PCB isolation and so on. Our understanding is most of them can be reused for sub6 NR as well since not only the frequency range but also the UE RF architecture is not expected to be changed significantly. For filter perspective, it was already shown in [7] that reasonable characteristics such as isolation between bands like Band 7/41 and the band of 3.3-4.2GHz are still maintained even with the extension of Band 42 by 100MHz for lower side and 600 MHz for upper side. In this case, harmonics levels will be the same and the MSD can be calculated once the REFSENS in NR 3.3-4.2 GHz is determined.
2UL cases
RAN4 has received an LS saying that “it is feasible to have power sharing mechanism for LTE-NR dual connectivity at least for <6GHz” from RAN1 [8]. This assumption (i.e., power sharing with upper limit of 23 dBm) is the same as what RAN4 did in MSD discussions in LTE CA. Given that the same RF components and the isolation between the bands are assumed as those of LTE CA, MSD caused by IMD can also be calculated for NR with the same principle as 1UL cases.

Based on the above, we propose the following.
Proposal 1: MSD caused by harmonics and/or IMD for combinations with NR 3.3-4.2 GHz should be calculated based on the same interference levels assumed in the LTE Band 42 CA discussions.

3.2
Combinations with NR 4.4-4.99 GHz
1UL cases

As can be seen from Table 1, Band 19 + 4.4-4.99 GHz and Band 28 + 4.4-4.99 GHz have 6th and 7th harmonics issues respectively. For such high order harmonics, RAN4 has already analysed MSD values for Band 46. They were summarized and approved in [9]. This can be a reference when calculating the MSD for NSA DC combinations.
Table 2: Provided results in the Band 46 discussion [9]
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Rel. Band Order

MSD Gap
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13 B1 3x 17.8

20

22.3 15 3 -5

13 B2 3x 17.8

20

22.3 15 3 -5

13 B3 3x 17.8

20

22.3 15 3 -5

13 B4 3x 17.8

20

22.3 15 3 -5

14 B5 7x 3.2

-60

5.65 5 6.9 -30 0.5 -60

13 B7 2x (just-miss) 28.47 25 32.5

NOTE1

30 0.5 5

14 B8 6x

0.8 -50

4.26 5 8.8 -20 0.5 -50 3.2 0

14 B11 4x

18 10

23.45 20 20.2 10 1 -10

14 B13 7x 3.2 -60 5.65 5 0.5 -60

14 B19 7x 3.2 -60 5.65 5 6.9 -30 0.5 -60

14 B21 4x 18 10 23.45 20 20.2 10 1 -10

14 B28 7x 3.2 -60 6.9 -30 0.5 -60

14 B28 8x 3.12 5 4.25 -40 0.5 -70

14 B39 3x 17.8 20 22.3 15 3 -5

14 B40 2x

13 B41 2x 24.9 45 30.35 25 32.5 30 10 15

13 B42

Freq proximity

10.3 - 3 -

14 B66 3x 17.8 20 22.3 15 3 -5

NO direct hit: harmonic is 350MHz away from B46 

NOTE1: MSD for the 1

st

channel in B46 is 8.2dB

NOTE2: The requirement of B46 in CA_42A-46A/C/D/E will be [-83]dBm assuming MSD of [7]dB


It should be noted, however, that these studies assumed separate antenna while did not assume HTF to maintain the performance in licensed bands. Since 4.4-4.99 GHz will be a new licensed band, some modification on the UE RF architecture might be needed when deriving the interference levels.
Proposal 2: To derive MSD caused by harmonics for combinations with NR 4.4-4.99 GHz, interference levels assumed in the LTE Band 46 CA discussions can be referred with appropriate UE RF architecture.
2UL cases
Since 4.4-4.99 GHz is a brand new spectrum, isolation between the band and other legacy ones should be investigated first. If it is the same as previous studies in LTE CA, then the same principle as proposal 1 can be used.
Proposal 3: Achievable isolation between 4.4-4.99 GHz and other legacy bands should be investigated first. If it is the same as previous studies in LTE CA, then the same principle as proposal 1 can be used.
3.3
Combinations with NR 26.5-29.5 GHz
1UL cases

In the SI phase, there were intensive discussions regarding MSD impacts in NSA operation. However, no conclusion was reached as captured in TR 36.803 section 6.2.3.1.

For 1UL cases, MSD impact was investigated in the SI. While some companies showed no interference is expected between sub-6GHz and mmWave, other companies raised design difficulties. For 2UL cases, there was no discussion on IMD level generated by transmissions in sub-6GHz and mmWave. Those impacts will be investigated in the WI phase.
Even though we believe that most cases have no interference issue based on performance of legacy RF devices as mentioned in [10, 11] and calculations in Table 1 in this paper, there are also some concerns on design challenges as shown in [12, 13]. Although the discussion to fix MSD evaluation assumptions is the September meeting according to the approved work plan [14], there has been no contribution on this analysis in after approving the WI. Hence, we’d like ask companies to provide more data if MSD is surely needed in the August meeting at the latest.
2UL cases

Among operating bands specified in TS 36.101, the highest FDD frequency band is Band 22 whose upper edge is 3.49 GHz. Then, the IMD generated by simultaneous UL in sub-6GHz + mmWave (> 24 GHz) falls into around 10 (=24-3.49*4) GHz at the highest assuming up to IMD5. Regarding three-tone IM with wider transmission bandwidth in NR band, it will not be the issue because the PSD is much lower as shown in Table 1. Therefore, it would be concluded that there is no IMD issue on sub-6GHz bands in NSA operation in “LTE sub-6GHz + NR mmWave (> 24 GHz)”. For mmWave bands, it is most likely that their duplex will be TDD. Then, there is also no IMD issue on own receiver. On the other hand, we identify that there are still concerns as with 1UL cases. Hence, we propose the following with 1UL cases.
Proposal 4: If MSD caused by harmonics and/or IMD is required for “LTE bands of 1/3/19/21/28/42 + NR 26.5-29.5GHz” against the calculation shown in Table 1, the dominant factor and evaluation assumptions shall be provided by the August meeting according to the approved work plan.

4. Conclusion
Based on the discussion above, we propose the followings.
Proposal 1: MSD caused by harmonics and/or IMD for combinations with NR 3.3-4.2 GHz should be calculated based on the same interference levels assumed in the LTE Band 42 CA discussions.

Proposal 2: To derive MSD caused by harmonics for combinations with NR 4.4-4.99 GHz, interference levels assumed in the LTE Band 46 CA discussions can be referred with appropriate UE RF architecture.
Proposal 3: Achievable isolation between 4.4-4.99 GHz and other legacy bands should be investigated first. If it is the same as previous studies in LTE CA, then the same principle as proposal 1 can be used.
Proposal 4: If MSD caused by harmonics and/or IMD is required for “LTE bands of 1/3/19/21/28/42 + NR 26.5-29.5GHz” against the calculation shown in Table 1, the dominant factor and evaluation assumptions shall be provided by the August meeting according to the approved work plan.
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