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1. Introduction
In RAN#77, RP-172064 [2] and RP-172085 [3] were endorsed, in which it was agreed that simultaneous 2Tx is mandatory for easy and intermediate band/channel combinations (including at least channel assignment), and for difficult band/channel combinations it is optional. It was also agreed that the categorization of band/channel combinations is up to RAN4.
In RAN4 NR ad-hoc #3, WF “single Tx switched UL" [1] was discussed widely, within which one way of categorization of difficult and easy band is proposed(copied below) which is aligned with RP-172064 [2], i.e. based on presence of resulting IMD, but the IMD order is still need to be discussed further.
	· RAN4 to define “difficult” band/channel combinations (including at least channel assignments) using the rule based on presence of resulting IMD[2]…[TBD] (including harmonics as long as the cause includes simultaneous Tx) falling in Rx with the given channel assignment, and to complete the RAN4 related tasks by Dec. 2017

· Band/channel combinations without the presence of the above defined order of IMD should be categorized as “not difficult” combinations for mandatory dual uplinks

· Band/channel combinations with the presence of the above defined order of IMD should be categorized as “difficult” combinations for optional dual uplinks

· By RAN4#84bis, RAN4 to agree on IMD[2]-[TBD] order (including index and frequency separation), and operators are requested to provide with their specific LTE-NR DC channel allocations to be included in Dec. 2017 release

· Other approaches (such as quantitative MSD analysis) could also be considered


Based on this method, this paper firstly analyses the band level IMD and harmonic interference situations in Asia, EU, and US to define easy and difficult bands. Then for the difficult bands we take China operator’s frequency as an example to further analyse the channel level interference.
2. Band & Channel level interference
Band level interference analysis
In each RAN4 meeting there will be a summary of NR bands and combinations, totally 85 band combinations are captured in [4]. We noticed that 10 band combinations are TDD + TDD which do not have IMD or harmonic interference issues when the sub-frames and time is synchronized between LTE and NR network. 23 band combinations are LTE + mmW NR, which the IMD and harmonic is not considered as severe as sub-6GHz combinations. Then the targeting band combinations will be reduced to 52. In this paper we focus on 38 main bands in Asia, EU, and US and leave others for further study.
The analyzing results of harmonic products and up to 7th order IMD products are summarized in table 1. The percentage in the table is IMD interference region ratio. From band level IMD interference perspective, if we consider the presence of IMD order 2 to 7 as the criteria of “Easy” and “Difficult” band combinations, then all band combinations listed in the table are “Difficult” except n79+B11, n79+B19, n28+B1, n28+B7, n28+B20. If we consider the presence of IMD order 2 to 5 as the criteria of “Easy” and “Difficult” band combinations, then nearly half band combinations are “Easy” bands. So it is seen that IMD analysis can be a simple way to determine “Easy” and “Difficult” band, though which order of IMD presence is chosen as the criterion should be decided by RAN4 with careful investigations.
Observation 1: Band level interference analysis can provide simple criterion to classify “Easy” and “Difficult” band combinations
Table 1 Band level interference for 1LTE + 1NR
	NR
	LTE
	Harmonic
	IMD region ratio

	
	
	
	2nd
	3rd
	4th
	5th
	6th
	7th

	3.3-4.2 GHz
(n77)
	1
	2nd (13.3%)
	100%
	　
	100%
	100%
	　
	100%

	
	3
	2nd (16.7%)
	100%
	　
	100%
	100%
	　
	100%

	
	8
	4th (15.6%)
	　
	　
	100%
	　
	100%
	　

	
	11
	　
	　
	　
	　
	　
	100%
	　

	
	18
	4th (2.2%)
	　
	　
	100%
	100%
	　
	100%

	
	19
	4th (6.7%)
	　
	　
	100%
	50%
	50%
	50%

	
	21
	　
	　
	　
	　
	　
	50%
	　

	
	26
	4th (10.7%)
	　
	　
	100%
	100%
	100%
	100%

	
	28
	　
	　
	　
	　
	100%
	　
	100%

	3.3-3.8 GHz
(n78)
	11
	　
	　
	　
	　
	　
	100%
	　

	
	18
	4th (4%)
	　
	　
	100%
	　
	　
	　

	
	19
	4th (12%)
	　
	　
	100%
	　
	100%
	　

	
	21
	　
	　
	　
	　
	　
	100%
	　

	
	26
	4th (19.2%)
	　
	　
	100%
	　
	100%
	　

	
	1
	　
	　
	　
	100%
	　
	　
	100%

	
	3
	2nd (30%)
	100%
	　
	100%
	100%
	　
	100%

	
	5
	4th (19.2%)
	　
	　
	100%
	　
	100%
	　

	
	8
	4th (28%)
	　
	　
	100%
	　
	100%
	　

	
	7
	　
	　
	　
	　
	　
	100%
	100%

	
	20
	　
	　
	　
	100%
	　
	100%
	　

	
	28
	　
	　
	　
	　
	100%
	　
	100%

	4.4-5GHz
(n79)
	1
	　
	　
	　
	　
	　
	100%
	　

	
	3
	　
	　
	　
	　
	53%
	100%
	　

	
	11
	　
	　
	　
	　
	　
	　
	　

	
	18
	6th (15%)
	　
	　
	　
	　
	100%
	　

	
	19
	6th (3.3%)
	　
	　
	　
	　
	　
	　

	
	21
	　
	　
	100%
	　
	　
	　
	100%

	
	26
	6th (19.3%)
	　
	　
	　
	　
	100%
	　

	
	28
	6th (14.7%)
7th (13.2%)
	　
	　
	　
	　
	100%
	53%

	
	8
	　
	　
	　
	　
	100%
	　
	50%

	n28
	1
	3rd (interf B1 100%)
	　
	　
	　
	　
	　
	　

	
	3
	　
	　
	　
	　
	　
	B3 100%
	　

	
	7
	　
	　
	　
	　
	　
	　
	　

	
	20
	　
	　
	　
	　
	　
	　
	　

	n7
	3
	　
	　
	　
	　
	　
	B3 100%
	　


	n8
	3
	2nd (interf B3 33.3%)
	　
	　
	B8 100%
B3 6.7%
	B3 100%
	　
	B8 100%
B3 40%

	n41
	25
	　
	　
	　
	　
	　
	100%
	　

	
	26
	　
	　
	100%
	　
	100%
	　
	100%


Channel level interference analysis 
Channel level interference analysis was introduced in [2], then proposed in [1]. With the relationship between Band and Channel, it is obvious that the channel level interference analysis is only necessary when the band level analysis result is “Difficult”. 
Observation 2: Channel level interference analysis is necessary only when the band level analysis result is “Difficult”.
Channel allocations are typically various across regions. If RAN4 takes all possible channel allocations from all regions into account, it is a huge work for RAN4. That is why it is proposed in [1] that channel allocation should be up to operator request. Furthermore, for the channel level analysis, it is required to have both LTE side and NR side channel allocation. However, to the best of our knowledge, there are no clear NR side channel allocations for most of regions. So unless some assumptions on NR side channel allocations can be made, it is difficult to perform channel level analysis. But such analysis is actually hypothetical, which may be questioned if the actual NR side channel allocation is not the assumed ones. 

Observation 3: There are uncertainties on channel level analysis from RAN4 perspective
With RAN decision, it is clear that RAN4 needs to finish necessary works within only two RAN4 meetings before Dec. 17. Considering the above observations for band and channel level analysis, it is most reasonable to suggest RAN4 that:

Proposal: RAN4 starts to classify “Difficult” band combinations based on band level IMD analysis
3. Conclusion
This contribution summarizes most of the 1LTE + 1NR IMD (up to 7th order) and harmonic interference situations in China, Japan, EU and US. We have following observations and proposal:
Observation 1: Band level interference analysis can provide simple criterion to classify “Easy” and “Difficult” band combinations
Observation 2: Channel level interference analysis is necessary only when the band level analysis result is “Difficult”.
Observation 3: There are uncertainties on channel level analysis from RAN4 perspective
Proposal: RAN4 starts to classify “Easy” and “Difficult” band combinations based on band level IMD analysis
References
[1] R4-1710049, “WF on single Tx switched UL”, Apple, etc, RAN4 NR ad-hoc #3
[2] RP-172064, “Single Tx switched UL”, Qualcomm, Intel, RAN #77
[3] RP-172085, “Signalling for Single/Dual UL Tx (current status)”, RAN2 Chairman, RAN #77
[4] R4-1709993, “Attachment_NR_band_combination”, RAN4 NR ad-hoc #3[image: image1.jpg]Y




3GPP


