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1. Introduction

In the last RAN #75 meeting, new WI on new radio Access technology has agreed to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communication (URLLC) in the radio frequency ranges up to 52.6 GHz. 
This work item is aimed at supporting the following connectivity options (*):

For single connectivity option:

-
NR connected to 5G-CN (Option 2 in TR 38.801 section 7.1).

For Dual Connectivity options:

-
E-UTRA-NR DC via EPC where the E-UTRA is the master (Option 3/3a/3x in TR 38.801 section 10.1.2);

-
E-UTRA-NR DC via 5G-CN where the E-UTRA is the master (Option 7/7a/7x in TR 38.801 section 10.1.4);

-
NR-E-UTRA DC via 5G-CN where the NR is the master (Option 4/4A in TR 38.801 section 10.1.3).
Hence, in this paper, we provide our views on the 5G UE Rx requirements for both single and dual connectivity UE since there was no difference for the RF requirements between NSA UE and SA UE.
2. UE Receiver requirements for NR UE
In rel-15 NR WI, RAN consider both standalone NR UE type and LTE + NR (NSA) NR UE type. Basically, shared antenna RF architectures are considered on LTE + sub-6GHz NR UE RF architecture. And different antenna and RFIC architecture are considered for LTE+ mmW NR UE.
Table 1 show the agreed NR UE RX requirements in SI phase and some issuing points.
Also we share the view how to define the receiver requirement for both NSA and SA UE at sub-6GHz and mmWave range.

Table 1. Consideration points and proposed Receiver Requirements for NR UE
	RF requirement
	RAN4 agreed test metrics in TR38.803
	Consideration point
	Proposal

	REFSENS
	Range1: At least conductive test is needed 
Range2: it should be specified in EIS. Necessity of TRS is FFS. CDF method considered for describing spherical coverage and other method is not precluded
	Define REFSENS by EIS using REFSENS equation.
E.g) REFSENS = KTB +NF + SINR+ IM – Diversity gain.

For NSA UE in range1, harmonic impact to own NR band ( need to MSD in NR band

2UL capable NSA UE will be impact to own LTE and NR band ( need to MSD in NR band and how to protect own LTE Rx band?
	- Range 1: For NSA UE (LTE+ NR), MSD will be defined in NR band by harmonics problems. To protect legacy LTE band, RAN4 consider scheduling of the NR UE fc and RB position not to impact to LTE band when NSA UE transmit with dual uplink.
- Range2: Harmonic problem in not critical to mmW NR band due to over than 10th harmonic order. No MSD requirements for both LTE band and NR band.

	Maximum input level
	Range1: At least conductive test is needed
Range2: At least beam peak is used as a metric
	Whether or reuse LTE maximum input level in both ranges. Decide the  FRC by test modulation order.
	- Range1: Reuse the same level of LTE system with 64QAM. 
- Range2: Follow same principle in Range1. But need to evaluate the delta feature compare to Range1.

	ACS
	Range1: At least conductive test is needed
Range2: Beam peak is used as a metric. i.e.) the blocker from the same direction of wanted signal. Necessity of TRS is FFS
	Whether or reuse ITU-R response in WI phase. 

	- Range1: Reuse the same level of LTE system. 
- Range2: Follow the ITU-R response due to no additional coexistence evaluation

	Blocking requirements
	Range1: At least conductive test is needed
Range2: Beam peak is used as a metric. i.e.) the blocker from the same direction of wanted signal. Necessity of TRS is FFS
	blocking value considering probability of being same direction when deciding blocker level. 
How to decide where OOB blocker is <±FFS% away from the fc of wanted signal.
	- Range1: increasing wanted signal level according to increased CH BW. The interference level & Frequency range are FFS.

- Range2: Same principle in Range1. The same beam direction between wanted signal and blocker as worst case could be considered. Also need to RAN4 effort to reduce test time.

	Narrow-band blocking
	Range1: At least conductive test is needed

	Whether or reuse same level of LTE in sub-6GHz.
	- Range1: Reuse the LTE requirements.

- Range2: The CW interference is not identified in mmW, So prefer not to define the requirements.

	Spurious response
	Range1: At least conductive test is needed
Range2: Beam peak is used as a metric. i.e.) the blocker from the same direction of wanted signal. Necessity of TRS is FFS
	How to decide where the blocker is <±FFS% away from the fc of wanted signal. 

Consider receiver tolerance and possibility of blocker in mmWave
	- Range1: increasing wanted signal level according to increased CH BW. The interference level follow the OOB test parameters.
- Range2: Same principle in Range1. The same beam direction between wanted signal and blocker as worst case could be considered. Also need to RAN4 effort to reduce test time.

	RX intermodulation
	Range1: At least conductive test is needed
Range2: Beam peak is used as a metric. i.e.) the both blocker from the same direction of wanted signal.
	Whether or reuse same level of LTE intermodulation level. RAN4 consider probability of being same direction when deciding blocker level.

	- Range1: Follow same LTE requirements for conductive test.

- Range2: RAN4 should consider the same beam direction between wanted signal and blocker as worst case.

	RX spurious emission
	Range1: At least conductive test is needed
Range2: TRP is used as a metric.
	Whether or reuse same level of LTE in both sub-6GHz and mmW UE
	- Range1: Follow same LTE requirements for conductive test.

- Range2: It can be reused the same level in mmW UE up to 52.6GHz frequency ragnes.

	Receiver image
	Range1: At least conductive test is needed
	Whether or reuse same level of LTE in both sub-6GHz and mmW UE.
	- Range1: Do not need define inter-band NSA UE and SA UE.
- Range2: Same as range1.

	In-channel selectivity
	Range1: At least conductive test is needed
Range2: Beam peak is used as a metric.
	Whether or follow LTE BS approach in both sub-6GHz and mmW UE.

How to define # of RB and signal level for both wanted and interfered signals
	- Range1: Reuse the BS LTE requirements. The power offset between wanted signal and interference signal and FRC are FFS.
- Range2: RAN4 should consider the same beam direction between wanted signal and blocker as worst case.


1.1 Detail description for NR UE Rx requirements

2.1.1 REFSENS
The ref. RF architecture was discussed and need further discussion to decide total number of antenna, # of Baseband path and mandate dual polarization or not. In this paper, we derived the REFSENS based on company specific NR UE RF architecture. However, we consider implementation possibility and phone factor devices.
2.1.1.1 Basic Assumption for range 1
· Noise figure : 9dB, CH_BW: 20MHz

· SINR : -1dB for QPSK r=1/3
· Number of Rx ant. = 2 or 4

· 2Rx Gain=3dB, 4Rx Gain =3+2.2 =5.2dB

· Implementation margin (IM) : 2.5dB

· REFSENS = KTB + 10log10(CH_BW) + NF + SINR+ IM – diversity gain =-174 + (73) +9 + (-1) +2.5 -3 = -93.5 dBm
Based on the above assumption, we can derive the required REFSENS for range 1 as below Table 2.
Table 2. Candidate REFSENS requirements in Range 1
	
	Channel BW

	REFSENS
	20MHz
	40MHz
	50MHz
	100MHz

	2Rx
	-93.5
	-90.5
	-89.5
	-86.5

	4Rx
	-95.7
	-92.7
	-91.7
	-88.7


When RAN4 consider the NSA NR UE in range1, harmonics problems will be impacted to the own NR band. Hence RAN4 need to define MSD level for NR band. Also, RAN4 need to study how to protect legacy LTE band when NSA UE transmit with dual uplink. One possible solution is that eNB schedule to avoid the IMD impact into LTE band by adjusting of the NR UE fc and allocated RB position for uplink transmission. 
2.1.1.2 Basic Assumption for range 2

· Noise figure : 10dB, CH_BW: 100MHz

· SINR : 3dB for QPSK r=1/3
· Number of Rx ant. = 2

· 2Rx Gain=3dB, 4Rx Gain =3+2.2 =5.2dB

· Ant beamforming gain (w/ dual polarization) = 9dB for 2Rx, 15dB for 4Rx 
· Implementation margin : 3.5dB

· REFSENS = KTB + 10log10(CH_BW) + NF + SINR+ IM – - beamforming gain - diversity gain =-174 + (80) +10 + 3+3.5 -9-3 = -89.5 dBm

Based on the above assumption, we can derive the required REFSENS for range 2 as below Table 3.
Table 3. Candidate REFSENS requirements in Range 2
	
	Channel BW

	REFSENS
	100MHz
	200MHz
	400MHz

	2Rx
	-89.5
	-86.5
	-83.5

	4Rx
	-97.7
	-94.7
	-91.7


When RAN4 consider the NSA NR UE in range2, harmonics problems are not critical impact to the mmW NR band due to over than 10th harmonic order. Also the IMD product did not impact to NR band since there was simultaneous transmission and reception in mmW NR TDD band. So In range2, RAN4 do not need to define MSD for any LTE and NR bands.
Based on the analysis of NR UE in mmW UE, we propose as follow

Proposal 1: For NSA UE (LTE+ NR) in sub-6GHz, MSD will be defined in NR band by harmonics problems. To protect legacy LTE band, eNB scheduling will be beneficial to avoid IMD problems into LTE band by adjusting of the NR UE fc and allocated RB position when UE transmit with dual uplink.

2.1.2 Maximum input level
In NR UE Rx requirements, RAN4 discussed maximum input level in last RAN4 meeting. The maximum input level will be decided by MCL (minimum coupling loss) level and body loss in LTE system. In NR system, there was no reason to consider different eNB maximum power and required MCL level compare to LTE system. So, in range1, RAN4 can reuse the LTE maximum input level as -25dBm with 64QAM modulation. 
In range 2, if RAN4 consider the same MCL and body loss in mmWave, then we prefer reuse the -25dBm. The proposed maximum input level [3] is similar to the legacy LTE requirements.
So we propose as below
Proposal 2: RAN4 reuse the maximum input level with 64QAM modulation of LTE for both range 1and range 2, if RAN4 consider the same MCL and body loss in 5G NR UE.
2.1.3 Blocking & spurious response
For the blocking and spurious response, RAN4 should study how to reduce the OTA test time in range 2. In range1, we prefer to increase wanted signal power level according to the increasing channel BW as shown in Table 4 [4]. But the modulated interference signal was fixed as 5MHz in in-band blocking test parameters.
Table 4: In-band blocking parameters in range 1
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	10 MHz
	15 MHz
	20 MHz
	40 MHz
	50 MHz
	100 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	6
	7
	9
	12
	13
	16

	BWInterferer 
	MHz
	5
	5
	5
	5
	5
	5


The interference power level and frequency range in IBB, OOBB and spurious response will be further discussed based on the regional regulation issues. 

In range 2, we have same view with [5] as shown in Table 5. But the modulated interference signal was fixed as 20MHz in in-band blocking test parameters.
Table 5: In-band blocking parameters in range 2
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	100 MHz
	200 MHz
	400 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	16
	19
	22

	BWInterferer 
	MHz
	20
	20
	20


To the test setup, RAN4 should consider the same beam direction between wanted signal and blocker as worst case. So we propose as below
Proposal 3: The wanted signal power level for IBB, OBB and spurious response requirements should increase according to the increasing channel BW as shown in Table 4 and 5.
2.1.4 Narrow band blocking & receiver image 
For the related test in range1, we prefer to follow same of LTE requirements. But in range 2, the related test is not need to define since the CW blocker is not identified in mmW range and receiver image is only beneficial test for intra-band contiguous CA or received multiple consecutive carrier like as V2X.
So we propose as below
Proposal 4: RAN4 do not need to define Narrow band blocking and receiver image requirements in range2. 
2.1.5 Other Rx requirements 
· ACS: RAN4 almost agree not to need additional coexistence evaluation. So RAN4 follow the LTE ACS requirements in range 1 and follow the proposed ACS in ITU-R response in range 2. 
· Rx intermodulation: In range 1, RAN4 follow same LTE requirements for conductive test. In range2, RAN4 should consider the same beam direction between wanted signal and blocker as worst case.

· Rx spurious emission: In range 1: RAN4 follow same LTE requirements for conductive test. In range2, the same required emission level can be considered in mmW UE up to 52.6GHz frequency ragnes.

So we propose as below
Proposal 5: RAN4 should consider the same beam direction between wanted signal and blocker as worst case for Rx intermodulation, in-channel selectivity, spurious response and blocking requirement. 
Proposal 6: RAN4 can reuse the same Rx spurious emission of LTE in range1 and 2.
3. Conclusions


In this contribution, we provide our views on how to define NR UE Tx requirements for both range 1&2. Based on the analysis in session 2, we share our proposals as below
Proposal 1: For NSA UE (LTE+ NR) in sub-6GHz, MSD will be defined in NR band by harmonics problems. To protect legacy LTE band, eNB scheduling will be beneficial to avoid IMD problems into LTE band by adjusting of the NR UE fc and allocated RB position when UE transmit with dual uplink.

Proposal 2: RAN4 reuse the maximum input level with 64QAM modulation of LTE for both range 1and range 2, if RAN4 consider the same MCL and body loss in 5G NR UE.
Proposal 3: The wanted signal power level for IBB, OBB and spurious response requirements should increase according to the increasing channel BW as shown in Table 4 and 5.
Proposal 4: RAN4 do not need to define Narrow band blocking and receiver image requirements in range2. 

Proposal 5: RAN4 should consider the same beam direction between wanted signal and blocker as worst case for Rx intermodulation, in-channel selectivity, spurious response and blocking requirement. 
Proposal 6: RAN4 can reuse the same Rx spurious emission of LTE in range1 and 2.
References
[1] RP-170855, “New WID on New Radio Access Technology,” NTT DoCoMo
[2] TR38.803, “Study on new radio access technology; RF and co-existence aspects,”
[3] R4-1702999, “UE above-6 GHz maximum input level considerations & proposals,” Intel
[4] R4-1703000, “UE sub-6 GHz OOB blocking considerations & proposals,” Intel
[5] R4-1703001, “UE above-6 GHz OOB blocking considerations & proposals,” Intel
[6] R4-1703490, “Way forward on NR UE Rx mmW blocking requirement,” Media Tek
[7] R4-1703109, “OBB Blocking Discussion mmW 5G NR,” Qualcomm

