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1. Introduction

In the study item 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 [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.
In this contribution, we discuss how to handle this issue in the WI phase.
2. Proposed LTE-NR DC combinations in the WI
In the RAN#75 meeting, a new WI on New WID on New Radio Access Technology was approved [2]. The WID shows 53 LTE-NR DC combinations (!) to be handled in Rel-15 as shown in Table 1. Note that since the second column is not “operating band” but “frequency range”, some of them will potentially be divided in the future. Furthermore, it is expected that more combinations will be added at every RAN plenary. RAN4 will need to tackle all MSD cases. We’d like to emphasize that if some framework can be established, then the RAN4 workload will be mitigated significantly.
Table 1: New LTE-NR DC combinations of the WI

	Combination
	contact

name, company
	contact

email
	other supporting companies

(min. 3)
	status

(new, ongoing, completed, stopped)

	LTE bands

	NR1
(Frequency range/LTE bands)
	
	
	
	

	1
	3.3-4.2 GHz
	TBD
	TBD
	TBD
	new

	3
	3.3-4.2 GHz
	TBD
	TBD
	TBD
	new

	7
	3.3-4.2 GHz
	TBD
	TBD
	TBD
	new

	5
	3.3-4.2 GHz
	TBD
	TBD
	TBD
	new

	8
	3.3-4.2 GHz
	TBD
	TBD
	TBD
	new

	19
	3.3-4.2 GHz
	TBD
	TBD
	TBD
	new

	7
	3.3-4.2 GHz
	TBD
	TBD
	TBD
	new

	21
	3.3-4.2 GHz
	TBD
	TBD
	TBD
	new

	26
	3.3-4.2 GHz
	TBD
	TBD
	TBD
	new

	28
	3.3-4.2 GHz
	TBD
	TBD
	TBD
	new

	39
	3.3-4.2 GHz
	TBD
	TBD
	TBD
	new

	41
	3.3-4.2 GHz
	TBD
	TBD
	TBD
	new

	1
	4.4-4.99GHz
	TBD
	TBD
	TBD
	new

	3
	4.4-4.99GHz
	TBD
	TBD
	TBD
	new

	5
	4.4-4.99GHz
	TBD
	TBD
	TBD
	new

	8
	4.4-4.99GHz
	TBD
	TBD
	TBD
	new

	19
	4.4-4.99GHz
	TBD
	TBD
	TBD
	new

	21
	4.4-4.99GHz
	TBD
	TBD
	TBD
	new

	26
	4.4-4.99GHz
	TBD
	TBD
	TBD
	new

	28
	4.4-4.99GHz
	TBD
	TBD
	TBD
	new

	39
	4.4-4.99GHz
	TBD
	TBD
	TBD
	new

	41
	4.4-4.99GHz
	TBD
	TBD
	TBD
	new

	1
	24.25-29.5GHz
	TBD
	TBD
	TBD
	new

	3
	24.25-29.5GHz
	TBD
	TBD
	TBD
	new

	5
	24.25-29.5GHz
	TBD
	TBD
	TBD
	new

	7
	24.25-29.5GHz
	TBD
	TBD
	TBD
	new

	8
	24.25-29.5GHz
	TBD
	TBD
	TBD
	new

	19
	24.25-29.5GHz
	TBD
	TBD
	TBD
	new

	20
	24.25-29.5GHz
	TBD
	TBD
	TBD
	new

	21
	24.25-29.5GHz
	TBD
	TBD
	TBD
	new

	26
	24.25-29.5GHz
	TBD
	TBD
	TBD
	new

	28
	24.25-29.5GHz
	TBD
	TBD
	TBD
	new

	39
	24.25-29.5GHz
	TBD
	TBD
	TBD
	new

	41
	24.25-29.5GHz
	TBD
	TBD
	TBD
	new

	66
	24.25-29.5GHz
	TBD
	TBD
	TBD
	new

	3
	31.8-33.4GHz
	TBD
	TBD
	TBD
	new

	7
	31.8-33.4GHz
	TBD
	TBD
	TBD
	new

	20
	31.8-33.4GHz
	TBD
	TBD
	TBD
	new

	28
	31.8-33.4GHz
	TBD
	TBD
	TBD
	new

	66
	37-40GHz
	TBD
	TBD
	TBD
	new

	3
	7
	TBD
	TBD
	TBD
	new

	8
	7
	TBD
	TBD
	TBD
	new

	20
	7
	TBD
	TBD
	TBD
	new

	3
	28
	TBD
	TBD
	TBD
	new

	7
	28
	TBD
	TBD
	TBD
	new

	20
	28
	TBD
	TBD
	TBD
	new

	1
	41
	TBD
	TBD
	TBD
	new

	2
	41
	TBD
	TBD
	TBD
	new

	3
	41
	TBD
	TBD
	TBD
	new

	5
	41
	TBD
	TBD
	TBD
	new

	25
	41
	TBD
	TBD
	TBD
	new

	26
	41
	TBD
	TBD
	TBD
	new

	41
	41
	TBD
	TBD
	TBD
	new


3. Single UL cases
3.1.
UL in either “LTE sub-6GHz” or “NR mmWave (> 24 GHz)”
As discussed in [3], there are some interference scenarios in in-device co-existence.

Table 2: IDC interference scenarios in NSA
	Aggressor
	Victim

	
	Sub-6GHz
	mmWave

	
	In-device
	UE-to-UE
	In-device
	UE-to-UE

	Sub-6GHz
	Spurious
	-
	-
	G
	H

	
	Blocking
	-
	-
	I
	J

	mmWave
	Spurious
	A
	B
	-
	-

	
	Blocking
	C
	D
	-
	-

	
	LO mixing
	E
	F
	-
	-


Even though we believe that most cases have no interference issue based on performance of legacy RF devices as mentioned in [4, 5], there are also some concerns on design challenges as shown in [6, 7]. Thus, we’d like to request to investigate at least the DC combinations (Proposal 1) as a starting point. These are of course based on our potential operating scenarios. However, the analyses could be some references for other combinations for future studies since they include licensed bands in low-range (<1GHz), mid-range (1.5GHz), high-range (>1.7GHz) and very high-range (3.5GHz) exhaustively.
Proposal 1: MSD caused by 1UL should be investigated for at least “LTE bands of 1/3/19/21/28/42 + NR 26.5-29.5GHz” as a starting point.
3.2.
UL in either “LTE sub-6GHz” or “NR sub-6GHz”
We also propose the combinations as Proposal 2 for both LTE and NR in sub-6GHz. Note that since all combinations of “LTE bands of 1, 3, 19, 21 and 28” + “LTE bands of 42 and 46” have been already defined in the current spec, they could be a reference to some extent for NR cases.
Proposal 2: MSD caused by 1UL should be investigated for at least “LTE bands of 1/3/19/21/28 + NR 3.3-4.2 GHz” and “LTE bands of 1/3/19/21/28 + NR 4.4-4.99 GHz” as a starting point.
4. Dual UL cases (re-submission of [8])
4.1.
Simultaneous UL in “LTE sub-6GHz + NR mmWave (> 24 GHz)”
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. Therefore, it is 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. 
Proposal 3: No MSD caused by 2UL should be specified for simultaneous UL in sub-6GHz + mmWave (> 24 GHz) bands.
4.2.
Simultaneous UL in “LTE sub-6GHz + NR sub-6GHz”
Although discussion on NR band in sub-6GHz is still on-going as shown in Figure 1, RAN4 will need to investigate IMD impacts in NSA operation in “LTE sub-6GHz + NR sub-6GHz” eventually. Hence, we’d like to kick-off the discussion at the early stage. 
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Figure 1: Proposals on NR band in sub-6GHz in RAN4 NR AH#1
For around 3.6 GHz, if we look at the current spec, there are already some TDD-FDD UL CA combinations related to Band 42 as table below. 
 (TS 36.101) Table 5.6A.1-2: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA (two bands)

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations (NOTE 4)
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_1A-42A
	CA_1A-42A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_1A-42C
	CA_1A-42A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	60
	0

	
	
	42
	See CA_42C Bandwidth Combination Set 0 in Table 5.6A.1-1
	
	

	
	
	41
	See CA_41D Bandwidth Combination Set 0 in Table 5.6A.1-1
	
	

	CA_3A-42A
	CA_3A-42A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_3A-42C
	CA_3A-42A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	60
	0

	
	
	42
	See CA_42C Bandwidth Combination Set 0 in Table 5.6A.1-1
	
	

	
	
	28
	
	
	Yes
	Yes
	
	
	
	

	CA_19A-42A
	CA_19A-42A
	19
	
	
	Yes
	Yes
	Yes
	
	35
	0

	
	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_19A-42C
	CA_19A-42A
	19
	
	
	Yes
	Yes
	Yes
	
	55
	0

	
	
	42
	See CA_42C Bandwidth Combination Set 0 in Table 5.6A.1-1
	
	

	
	
	28
	
	
	Yes
	Yes
	
	
	
	

	CA_21A-42A
	CA_21A-42A
	21
	
	
	Yes
	Yes
	Yes
	
	35
	0

	
	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_21A-42C
	CA_21A-42A
	21
	
	
	Yes
	Yes
	Yes
	
	55
	0

	
	
	42
	See CA_42C Bandwidth Combination Set 0 in Table 5.6A.1-1
	
	

	
	
	41
	See CA_41C Bandwidth Combination set 0 in Table 5.6A.1-1
	
	

	CA_28A-42A
	CA_28A-42A
	28
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	
	66
	
	
	Yes
	Yes
	Yes
	Yes
	
	


Even in LTE+NR NSA, it is natural to expect similar operating scenarios. Thus, we propose to investigate IMD impacts of “LTE bands of 1/3/19/[21]/28 + NR 3.3-4.2 GHz” (Band 21 seems to have no IMD issue based on calculation). Note that since some MSD requirements for UL CA combinations above are already specified in the latest 36.101, these values may be able to be referred in the LTE+NR cases assuming the same transmission power in NR below 6 GHz. 
For around 4.5 GHz, since similar use cases can be expected as 3.5 GHz cases above, it is rational to follow the same LTE bands combinations as a starting point. Thus, we propose to investigate IMD impacts of “LTE bands of [1]/3/[19]/21/28 + NR 4.4-4.99 GHz” assuming the widest band case (Bands 1 and 19 seem to have no IMD issue based on calculation).
Proposal 4: MSD caused by 2UL should be investigated for “LTE bands of 1/3/19/[21]/28 + NR 3.3-4.2 GHz” and “LTE bands of [1]/3/[19]/21/28 + NR 4.4-4.99 GHz” as a starting point.
4. Conclusion
Based on the discussion above, we propose the followings.
Proposal 1: MSD caused by 1UL should be investigated for at least “LTE bands of 1/3/19/21/28/42 + NR 26.5-29.5GHz” as a starting point.

Proposal 2: MSD caused by 1UL should be investigated for at least “LTE bands of 1/3/19/21/28 + NR 3.3-4.2 GHz” and “LTE bands of 1/3/19/21/28 + NR 4.4-4.99 GHz” as a starting point.
Proposal 3: No MSD caused by 2UL should be specified for simultaneous UL in sub-6GHz + mmWave (> 24 GHz) bands.
Proposal 4: MSD caused by 2UL should be investigated for at least “LTE bands of 1/3/19/[21]/28 + NR 3.3-4.2 GHz” and “LTE bands of [1]/3/[19]/21/28 + NR 4.4-4.99 GHz” as a starting point.
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