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1	Introduction
RAN #75 approved a new work item on New Radio Access Technology, including among many other objectives the following on NR-LTE coexistence [1]:
NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];
-	Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.
-	Minimize impact to NR physical layer design to enable this co-existence.
-	No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR
-	No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier
In this contribution we discuss further the LTE and NR sharing an uplink carrier, already discussed during the study item, and e.g. in [3] and [4] and provide NR performance analysis in addition to the LTE performance analysis provided in [6] and [7].
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	LTE QPSK performance
	LTE 16QAM performance
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	NR 64QAM 15 kHz SCS performance
	NR 64QAM 30 kHz SCS performance



In the simulation setup we assume that the NR and LTE UL transmissions take place within the passband of the LTE channel filter, e.g., there is no Rx filtering between NR and LTE signals in the LTE Rx side. For NR we evaluate both combinations, with or without a subband filtering capable to attenuate the interference caused by the LTE UL signal. This setup models the scenario where within one LTE channel the LTE system makes room for NR signal by muting certain amount of PRBs without any changes to the hardware. More detailed simulation parameters are provided in Table 1.
In the simulation, in addition to evaluating the NR sub-carrier grid alignment and guard band requirement, we investigate the impact of power control error. The power control error defines the offset from the nominal power level required for the interfering signal to be correctly detected. The nominal level for each MCS is based on the required SNR for 10% BLER in interference free link performance and models the scenario where the power control loop is operating with high accuracy and each UE is transmitting with the correct power to achieve the required SNR in the BS Rx. 10 dB power control error is presented as extreme power offset from the nominal level, which could be present in LTE system in the cases of discontinuous transmission or adapting Tx bandwidth with power adaptation step larger or equal to 15 dB.



Table 1: Simulation parameters
	NR sub-carrier spacing
	15, 30 kHz

	NR sub-carrier grid
	Same as LTE (no offset between grid), 
NR SC-grid offset 7.5 kHz towards LTE 

	Guard band
	0,1 LTE PRBs

	LTE-PUSCH allocation
	6 PRBs

	LTE-PUCCH allocation
	Not present 

	NR-PUSCH allocation
	6 PRBs

	NR-PUCCH allocation
	Not present 

	Power control error
	0 dB, 10 dB

	Carrier frequency
	2 GHz

	Phase noise model
	No PN

	Channel model
	TDL-C 300 for 64QAM R3/4
TDL-C 1000 for QPSK R1/2, 16QAM R1/2

	UE speed
	3 km/h

	Antenna setup
	1 Tx, 2 Rx, Rank 1

	Interfering signal to LTE
	NR 15 and 30 kHz, 64-QAM, R=3/4, TDL-C 300ns

	Interfering signal to NR
	LTE 16-QAM, R=1/2, TDL-C 1000ns

	PA model
	Polynomial model, MPR based on modulation

	LTE desired signal MPR
	QPSK: 0 dB, 16 QAM: 1 dB

	NR desired signal MPR
	64QAM: 3 dB







3	Simulation results
3.1	LTE performance with 15 kHz NR interferer
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Figure 1: LTE QPSK R1/2 performance, 15 kHz NR interferer
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Figure 2: LTE 16QAM R1/2 performance, 15 kHz NR

3.2	LTE performance with 30 kHz NR interferer
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Figure 3: LTE QPSK R1/2 performance, 30 kHz NR interferer

[image: ]
Figure 4: LTE 16QAM R1/2 performance, 30 kHz NR interferer


3.3	15 kHz NR with LTE interferer
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Figure 5: 15 kHz NR 64QAM R3/4 performance, plain CP-OFDM Rx processing, LTE interferer
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Figure 6: 15 kHz NR 64QAM R3/4 performance, advanced Rx filter processing, LTE interferer


3.4	30 kHz NR with LTE interferer
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Figure 7: 30 kHz NR 64QAM R3/4 performance, plain CP-OFDM Rx processing, LTE interferer
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Figure 8: 30 kHz NR 64QAM R3/4 performance, advanced Rx filter processing, LTE interferer

4	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution the impact on both the LTE and NR performance due to NR transmission residing inside the LTE carrier’s channel filter was investigated, and the following observations can be made:
LTE QPSK/16QAM R1/2 performance with 15 kHz NR interferer:
· Aligned SC grid works when no power control error present
· Non-aligned SC grid works without power control error with 1 PRB guard
· With 1 PRB guard and no power control error, the difference between aligned and 7.5 kHz offset SC grids is less than 0.4 dB
· In the presence of 10 dB power control error, neither scheme works even with 1 PRB guard

LTE QPSK/16QAM R1/2 performance with 30 kHz NR interferer:
· Both aligned and 7.5 kHz offset SC grids work with 1 PRB guard when no power control error present
· No difference between aligned and offset SC grids
· SNR loss < 0.6 dB to no interference scenario
· In the presence of 10 dB power control error, neither scheme works even with 1 PRB guard

15 kHz NR 64QAM R3/4 performance with LTE interferer
· The high throughput NR link works well in all cases, except when using 7.5 kHz offset SC grid with no guard band and there is a 10 dB power control error in the LTE link
· With 1 PRB guard with 10 dB power control error the SNR loss is < 1 dB relative to interference free scenario
· With advanced Rx filter processing all evaluated scenarios are within 0.5 dB from the interference free scenario @ BLER=10%

30 kHz NR 64QAM R3/4 performance with LTE interferer
· The high throughput NR link works fine if power control error in LTE link is small
· With 1 PRB guard with 10 dB power control error the SNR loss is < 1 dB relative to interference free scenario
· With advanced Rx filter processing all evaluated scenarios are within 1 dB from the interference free scenario @ BLER=10%

Conclusion: Independent operation (no time-alignment, matching subcarrier grid or same sub-carrier spacing) between NR and LTE is possible, however, typically at least 1 PRB guard band is needed between the two to protect against inaccuracies in power control or large targeted differences in SNR operating points.
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