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1. Introduction

In the last RAN4 #84BIS meeting, RAN4 discussed the protection bands and protection levels for NR SA UE and NSA DC UE at FR1 and FR2.

 In this contribution, we propose how to define the protection hands and levels for SA NR UE and NSA DC UE at both FR1 and FR2. 
2. General principle for how to define the protection bands
Firstly, we need to make consensus for how to define the protection bands and frequency ranges for single carrier NR operation.

There are two discussion point as below for NR SA operation
· NR SA UE operation

· The protection bands for NR SA operation at FR1

· Candidate solution : protect LTE/NR bands at FR1 according to geographical regions w/ -50dBm/MHz 
· The protection bands for NR SA operation at FR2

· Option1: protect LTE/NR bands at both FR1 & FR2 according to geographical regions w/ reasonable protection levels
· Option2: only protect NR bands at FR2 according to geographical regions

2.1 Protections for NR SA UE operation 

Firstly, the NR SA UE at FR1, RAN4 follow LTE principle to define the protection band lists and frequency ranges according to the geographical regions. Because the NR operation at FR1 is not different point between LTE and NR. So it is easy understand to decide the protection bands for UE-to-UE coexistence requirements 

In case of NR SA UE at FR2, RAN4 may need new general principle how to define the protection band lists.

In our analysis, there are two options how to define the protection band lists for mmWave new bands

· Option1: Protect LTE/NR bands at both FR1 & FR2 according to geographical regions 
· Option2: Protect NR bands at FR2 according to geographical regions
Basically, option 1 is right approach to protect the deployed all UEs in the countries. But RAN4 need to consider if the received emission level at legacy LTE band is quite large level (-35 dBm ~ -25dBm/MHz) compare to legacy LTE protection levels with -50dBm/MHz, the emission level do not impact to receive the LTE signal as shown in Figure 1. It means even though the leakage level in legacy LTE band from NR UE is stronger than -50dBm/MHz, the legacy LTE signals are received very well since the large MCL level at mmWave can guarantee the emission will become automatically extinct at LTE band.
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Figure 1. Estimated emission level at LTE band from aggressor n257 UE by Deterministic analysis

Also, we just considered free space path loss model for deterministic analysis between aggressor and victim but, the practical path loss in real field are estimated in [3] as below. Based on Figure 2, we observed that the trend of the practical path loss at 28GHz is larger than free space path loss if the UE-to-UE distance is larger than 1 meter.

Therefore, we propose the RAN4 can skip the UE-to-UE coexistence requirements to protect sub-6GHz LTE/NR bands for mmWave NR UE.

Proposal 1: For mmWave NR SA UE, RAN4 specify the UE-to-UE coexistence requirements to protect only the new NR bands at FR2.
If RAN4 agree to protect all deployed bands in FR1 and FR2, then the protection level is -36dBm/MHz for victim operating bands at FR1. 
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Figure2. Practical path loss compare to free space path loss at 28GHz [3]
In Figure 3, we provide estimated emission level at victim UE in n258 from aggressor n257 UE. The expected emission level is about -23dBm/MHz, however, we prefer use the -13dBm/MHz for UE-to-UE coexistence protection level for mmWave bands in general use cases as spurious emission requirements 
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Figure 3. Estimated emission level at mmWave band (n258) from aggressor n257 UE by Deterministic analysis

Based on the analysis, we propose the RAN4 can use the UE-to-UE coexistence protection levels w/ -13dBm/MHz or linear scale levels w/ the increased measurement BW to protect NR bands for mmWave.

Proposal 2: For mmWave NR SA UE, RAN4 specify the UE-to-UE coexistence protection level w/ -13dBm/MHz or linear scale levels w/ the increased measurement BW to reduce the test time for the new NR bands at FR2.
2.2 General principle for how to define the protection bands by dual uplink operation
For the LTE/NR DC operation, RAN4 should consider as below candidate solution and options.
· NR UE NSA DC operation

· The protection bands for NSA DC UE between LTE band and NR band at FR1

· Candidate solution : follow dual uplink CA principle
· The protection bands for NSA DC UE between LTE band and NR band at FR2

· Option1: Protect LTE/NR at both FR1 & FR2 according to geographical regions

· Option2: Individual protection band lists according to transmission
· Between LTE and LTE, follow UE-to-UE coexistence requirements for single Transmission. E.g) DC_1A-n257A UE: Apply the protect bands lists for Band 1 

· Between NR bands at FR2, follow the agreements of NR SA operation at FR2

E.g) DC_1A-n257A UE, Apply the protect bands lists for n257A

In the inter-band dual uplink LTE CA WI in rel-12, RAN4 had agreed to define the protected band lists for inter-regions issues as below

- Choose a subset of protected frequency ranges/bands to protect based on spectrum allocations in the countries where the two bands are deployed.

The agreement was captured in TR36.860 v12.0.0 and RAN4 had defined the protection band lists for dual uplink transmission in the Table 6.6.3.2A-0 in TS36.101 based on this agreement.
In current NR WI, RAN4 consider dual connectivity between legacy LTE band and new NR bands at FR1 or FR2. It is quite similar cases between dual uplink CA in rel-12 and LTE+ NR DC operation in rel-15.
Basically, RAN4 can follow the agreements of dual uplink CA WI in rel-12 for LTE band + NR band at FR1 DC operation.

For example, the protection bands and frequency range will be defined based on the deployed spectrums in the countries where the both LTE and NR new bands are deployed.

However, for the DC operation between legacy LTE band and new mmWave band combinations, there are two options how to define the protection band lists for NSA DC operations
· Option1: Protect LTE/NR bands at both FR1 & FR2 according to geographical regions (follow agreed principle in dual uplink CA)
· Option2: Individual protection band lists according to uplink transmission
· For LTE transmission, follow UE-to-UE coexistence requirements for single Transmission. E.g) DC_1A-n257A UE: Apply the protect bands lists for Band 1 

· For NR transmission at FR2, follow the agreements of NR SA operation at FR2

E.g) DC_1A-n257A UE, Apply the protect bands lists for n257A
For the DC_1A-n257A UE, if RAN4 consider to option 1 approach, then the protection band lists are subset based on the allocated spectrum in the countries where two operating bands are deployed. But, this requirements are redundant since mmWave aggressor UE do not any impact to LTE signal receptions as shown in Figure 1 when RAN4 consider same -50dBm/MHz protection levels.
However, this dual transmission is quite different between LTE CA. Because the frequency separation is as far and if RAN4 agree with protection band lists are restricted at FR2 for SA mmWave UE, then individual protection band lists are reasonable for each transmission. 
Therefore, we prefer option 2 to define protection band lists for NSA DC UE operation.

Proposal 3: For LTE/NR NSA DC UE operation including mmWave NR band, RAN4 define the individual protection band lists and protection levels for each transmission band.

If RAN4 agree to protect all deployed operating bands at both FR1 and FR2, then same principle should be considered as same LTE dual uplink CA.

We summarize the protection bands list and levels for both SA and NSA DC UE as shown in Table 1 and Table 2.
Table 1. NR SA UE protection band lists and protection levels
	Victim
	Aggressor
	Protection level
	Protection band lists

	LTE band 
	LTE band
	-50dBm
	Define as geographical regions

	LTE band/NR FR1
	NR at FR1
	-50dBm
	Define as geographical regions

	NR at FR2
	NR at FR1
	No requirements
	No requirements

	LTE band /NR FR1
	NR at FR2
	No requirements
	

	NR at FR2
	NR at FR2
	-13dBm
	Define as geographical regions


Table 2. NR NSA DC UE protection band lists and protection levels

	Victim
	Aggressor
	Protection level
	Protection band lists

	LTE
	LTE+LTE
	-50dBm
	Subset based on allocated spectrum in the countries where two bands are deployed

	LTE band/NR FR1
	LTE band + NR at FR1
	LTE-to-LTE :-50dBm

NR FR1 to NR FR1 : -50dBm
	Define protect band lists as individual FR1 or FR2 transmission

	NR at FR2
	LTE band + NR at FR1
	No requirements
	No requirements

	LTE band/ NR FR1
	LTE band + NR at FR2
	LTE-to-LTE :-50dBm LTE-to-NR FR1 : -50dBm
NR FR2 to LTE/NR FR1 :  no requirements
	Define protect band lists as individual FR1or FR2 transmission

	NR at FR2
	LTE band + NR at FR2
	LTE to NR FR2 : no requirements
NR FR2 to NR FR2 : -13dBm
	Define protect band lists as individual FR1or FR2 transmission


3. Conclusions


In this contribution, we propose how to define the protection Mband lists and protection levels according to the SA single carrier NR UE and NSA DC UE operations. Based on the analysis in session2, we propose as below
Proposal 1: For mmWave NR SA UE, RAN4 specify the UE-to-UE coexistence requirements to protect only the new NR bands at FR2.
Proposal 2: For mmWave NR SA UE, RAN4 specify the UE-to-UE coexistence protection level w/ -13dBm/MHz or linear scale levels w/ the increased measurement BW to reduce the test time for the new NR bands at FR2.
Proposal 3: For LTE/NR NSA DC UE operation including mmWave NR band, RAN4 define the individual protection band lists and protection levels for each transmission band.
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