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1. Introduction

UE-to-UE and in-device coexistence between mmWave NR and sub-6GHz bands were discussed in the RAN4#81 meeting [1]. This contribution is a follow up for the study and aims to clarify scopes of the WI phase.
2. Discussion
Observations in [1] are summarized in Table 1.
Table 1: Summary of observations in [1]

	Aggressor
	Victim

	
	Sub-6GHz
	mmWave

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

	Sub-6GHz
	Spurious
	-
	-
	De-sense in 28 GHz due to 5th harmonic of B46 is likely
	Need further study
　　　　　　　①

	
	Blocking
	-
	-
	Unlikely
	Can be ignored

	mmWave
	Spurious
	May result in a marginal thermal noise rise.　　　　②
	Can be ignored
	May prove being an issue
	May need further study

	
	Blocking
	Unlikely
	Can be ignored
	May prove marginal
	Should be viable

	
	Harmonic response (mixing)
	A probable issue especially for 5th and 7th harmonic cases ③
	May possibly be ignored
	-
	-


① Spurious from sub-6GHz to mmWave (in-device and UE-to-UE)
In [1], sub-6GHz transmitter harmonics falling in mmWave receiver band were studied for most of the LTE bands. Also, it was observed that 28GHz receiver de-sense by B46 transmitter 5th harmonic is likely for in-device co-existence as the worst case since Band 46 is the highest frequency among of them. Investigating the worst case first is a valid approach in most cases. We think, however, Band 46 is an unlicensed band and such use cases (i.e., LAA+NR for NSA) would be unlikely in initial phase of NR. In this case, even if the study shows that band 46 has 5th harmonic issue, it is still unclear how to utilize the outcome for other licensed bands. Thus, we propose to investigate impacts between licensed sub-6GHz bands and mmWave band first. Unlicensed band cases will be discussed after licensed bands’ study.
Proposal 1: In-device and UE-to-UE coexistence between licensed sub-6GHz and mmWave bands should be studied first.
The WF [2] captured that Study if -50dBm/MHz can be satisfied based on legacy devices (e.g. PA, Filter, Switch). This motivation is that if this value can be easily satisfied by devices below 6GHz, we will be able to adopt the same value for mmWave bands as is. As an example, we presented wide range characteristics of a ceramic filter for LTE CA in [3] (represented in Figure 2). As can be seen, attenuation in mmWave tends to be lower than that of below 6 GHz. SAW filters may have worse attenuation characteristics. In this case, PA’s behaviours will be the key to meet -50 dBm/MHz.
[image: image1.emf]
Figure 1: Wide range simulation of a ceramic filter for LTE CA

In line with this, we also investigated wide range characteristics of a high band (up to 2.5 GHz) PA in simulation. The Pout (CW) of 2.5 GHz is 28 dBm assuming 23 dBm at antenna connector and the marker of m7 is located with 10 MHz offset from the fundamental wave.
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Figure 2: Wide range simulation of a high band (up to 2.5 GHz) PA
As seen in Figure 2, spurious at mmWave is almost thermal noise level (i.e., -174 dBm/Hz). Note that there are ranges of lower PSD than thermal noise level in below 11 GHz. This is due to attenuation of matching circuit. And also, it is expected that other PA models for low band, middle band have similar tendency. Hence, we conclude that there is no issue on spurious aspect from sub-6GHz to mmWave. In other words, once reference sensitivity of NR SA is derived, it can also be used for NR NSA (in-device) and -50 dBm/MHz which has been used as a default protection level can also be used for UE-to-UE coexistence from sub-6GHz to mmWave as is. Note that -50 dBm/MHz of the opposite case (from mmWave to sub-6GHz) is already agreed in [2].
Proposal 2: Once reference sensitivity in mmWave bands for NR SA is derived, it will also apply for ones for NR NSA without MSD.
Proposal 3: -50 dBm/MHz will be used for UE-to-UE coexistence from sub-6GHz to mmWave as a default value (and vice versa).
② Spurious from mmWave to sub-6GHz (in-device)
It was observed in [1] that 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. Our understanding is that there is already this kind of issue in existing CA cases (e.g. CA_1A-19A with Band 1 UL). Thus there is no need to specially take care of this impact in NR NSA cases as well.
Proposal 4: Existing reference sensitivity in licensed sub-6GHz bands can be reused without MSD for NR NSA cases. (Note: Band 43 is FFS as below)
③ Spurious from mmWave to sub-6GHz (LO mixing)
It was observed in [1] that 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. Among of existing LTE bands, only Band 46 has 5th order harmonic response issue and Band 22, 42 and 43 have 7th cases for around 28 GHz band. Taking that we propose to specify 26.5-29.5 GHz as a band plan in the WI phase in [4] and Proposal 1 in this contribution into account, it is concluded that the only case we need to investigate is 7th harmonic case in Band 43 in the first NR phase.
Proposal 5: In case a band plan proposed in [4] is agreed, only 7th harmonic spurious in Band 43 should be investigated and other licensed band cases don’t have to be studied (i.e., Existing reference sensitivity in licensed sub-6GHz bands can be reused without MSD) in the first NR WI phase.

3. Conclusion
Based on the table above, we propose the followings.
Proposal 1: In-device and UE-to-UE coexistence between licensed sub-6GHz and mmWave bands should be studied first.

Proposal 2: Once reference sensitivity in mmWave bands for NR SA is derived, it will also apply for ones for NR NSA without MSD.
Proposal 3: -50 dBm/MHz will be used for UE-to-UE coexistence from sub-6GHz to mmWave as a default value (and vice versa).
Proposal 4: Existing reference sensitivity in licensed sub-6GHz bands can be reused without MSD for NR NSA cases. (Note: Band 43 is FFS as below)
Proposal 5: In case a band plan proposed in [4] is agreed, only 7th harmonic spurious in Band 43 should be investigated and other licensed band cases don’t have to be studied (i.e., Existing reference sensitivity in licensed sub-6GHz bands can be reused without MSD) in the first NR WI phase.
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