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1 Introduction
BS scenarios for UL sharing has been identified in RAN4 Jan. Adhoc meeting. The analysis on scenario 1 has been discussed in [1, 2] but no conclusion has been made. In this contribution, we continue discussion on BS RF requirements on the following scenario:
· Scenario 1: LTE and NR subcarriers with same SCS (15kHz) and NR has 7.5kHz raster shift in Rel-15 
· LTE and NR with different waveforms (CP-OFDM and S-OFDM) and waveform conforming technique
2 Discussion

2.1 Orthogonality for Scenario 1
Orthogonality for Scenario 1 has been simulated and discussed in [1]. Some further simulation scenarios, i.e. case 4-8, and results are provided as below on top of case 1-3. For LTE, frequency domain filtering is used and for NR, time windowing is used. In the simulation, real channel estimation is used.
Table 1 Simulation cases
	　
	RB allocation
	Interfer
	interference-to-noise ratio (dB)

	
	LTE
	NR
	
	

	case 1
	50
	6
	LTE
	20

	case 2
	6
	53
	NR
	20

	case 3
	100
	3
	LTE
	20

	case 4
	1
	102
	NR
	30

	case 5
	50
	53
	LTE
	30

	case 6
	50
	53
	NR
	30

	case 7
	1
	1
	LTE
	30

	case 8
	1
	1
	NR
	30


Table 2 TBS for each modulation
	Victim TBS

QSPK1/3
	Victim TBS

16QAM1/2
	Victim TBS

64QAM3/4

	
	
	

	408
	1352
	3240

	408
	1352
	3240

	208
	680
	1608

	56
	224
	520

	3752
	12216
	28336

	3624
	11448
	27376

	56
	224
	520

	56
	224
	520
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Figure 1: Simulation results for case 4-8 without time and frequency error
From the simulation results for the worst cases in which the interfering signal has much larger bandwidth and higher interference level than the victim signal, we can observe that the demodulation performance is not impacted by the interference between LTE and NR. Therefore, LTE and NR RBs are orthogonal to each other and no guard band is needed for any RB allocation for scenario 1.
Observation 1: For scenario 1, LTE and NR RBs have no interference to each other in a same carrier and no guard band is needed in the case of perfect frequency and time synchronization between different UEs. And this is common for UL sharing from network perspective and UE perspective.
2.2 Frequency and time synchronization between different UEs
From BS receiving point of view, different UEs arriving at BS receiver may have different frequency error due to the different crystal oscillator and different Doppler shift. However, for UL sharing, there is no difference from normal LTE and NR system and BS can calibrate these frequency difference as usual.

For time synchronization, there is TA difference between LTE and NR system for UL sharing cases because for NR SUL, the RAN1 agreement is as below but for LTE FDD, there is no TA offset at all. So in this case NTA of LTE UL should be adjusted to be equal to NTA + NTA-offset of NR SUL like in Figure 1. Otherwise, the power in the overlapping period may exceed the power class of the UE and the interference between LTE and NR RBs is significant. This issue is common for SUL without UL sharing, UL sharing from network perspective and UE perspective. Note the analysis is based on the assumption that LTE and NR BS for SUL and DC with SUL band combination are co-located and hence synchronization is obtained.
	Agreement:
NTA-offset of SUL is the same as that of UL 

· The granularity of NTA-offset is the same as that for CA operation



[image: image6]
Figure 2 UL time alignment between SUL, non-SUL and LTE UL
TA adjustment accuracy between LTE and NR was also discussed in [2] and as the TA difference due to TA accuracy is much lower than CP, so this difference would not cause interference between LTE and NR and impact the demodulation performance. 
Below Figures give the simulation results regarding the time and frequency error between different UEs on above case 7 and 8. For LTE, frequency domain filtering is used and for NR, time windowing is used. In the simulation, real channel estimation is used. The frequency error assumes 200Hz and time error assumes 16Ts between interfere and victim UEs. In the simulation, real time and frequency estimation algorithms are used to correct frequency and time errors.
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Figure 3: Simulation results for case 7-8 with time and frequency error
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Figure 4: Simulation results for case 7-8 with time and frequency error
Observation 2: Frequency and time asynchronization between different UEs are not much different from normal LTE and NR and the very little impact on the demodulation performance based on the simulation can be neglected. 
2.3 Rx requirements when simultaneously transmitting for both LTE and NR with Tx on
For UE operating for CA or DC, TX to RX interference always should be especially considered from several points of view, we can see some of the aspects from UE specification as below.
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However, for BS operating for CA or DC, there are no additional requirements except the basic RX requirements for single carrier. That is because:

· For inter-band CA or DC, there are always separate RRU modules, so there is no interference between two bands;

· For intra-band CA, the cavity filter in BS can always provide much higher TX RX isolation than UE so no TX interference to RX needs to be considered for the case TX and RX are much closer.
Then come back to UL sharing case, there are two kinds of deployment identified:

· SUL with UL sharing: In this kind of deployment, SUL band with UL sharing is a separate band with DL band, e.g., DL in 3.5GHz with UL in 1.8GHz, always two separate RRU module for these two bands, so no TX interference to RX needs to be considered.

· Both DL/UL sharing in a same carrier: in this case, as the DL/UL carriers are no changed, so the TX interference to RX is the same with the LTE and NR, so LTE or NR test is enough to verify the DL/UL isolation, no additional test is needed.

Observation 3: For UL sharing scenario, the TX to RX interference in BS receiver side has been already verified in LTE or NR, no further TX to RX interference for UL sharing, so no additional BS receiver verification is needed with TX on.
2.4 BS requirements for UL sharing from UE perspective
For TDM operation for UL sharing from UE perspective, UE is expected only transmit LTE or NR in one slot. In that case, from BS receiving point of view, it has no difference with UL sharing from network perspective. The issues in above three sections are also the same between UL sharing from network perspective and UE perspective. Therefore, at least additional BS RX requirements and verifications are not needed for both UL sharing from network perspective and UE perspective with TDM operation.

For FDM operation, the only difference is the power backoff issue at UE transmit side, there is also no difference at BS receiving side, so the same conclusion can be made also for UL sharing from UE perspective with FDM operation.

Observation 4: No additional BS RX requirements or verifications is needed for UL sharing from network perspective, UE perspective with TDM operation and UE perspective with FDM operation.
3 Conclusion
This contribution discusses BS RF requirements for SUL with UL sharing from network perspective. Based on the observations below:
Observation 1: For scenario 1, LTE and NR RBs have no interference to each other in a same carrier and no guard band is needed in the case of perfect frequency and time synchronization between different UEs. And this is common for UL sharing from network perspective and UE perspective.
Observation 2: Frequency and time asynchronization between different UEs are not much different from normal LTE and NR so the impact on the demodulation performance can be neglected. The TA offset issue is common for SUL without UL sharing, UL sharing from network perspective and UE perspective.
Observation 3: For UL sharing scenario, the TX to RX interference in BS receiver side has been already verified in LTE or NR, no further TX to RX interference for UL sharing, so no additional BS receiver verification is needed with TX on.
Observation 4: No additional BS RX requirements or verifications is needed for UL sharing from network perspective, UE perspective with TDM operation and UE perspective with FDM operation.
Proposal: It is proposed no additional BS RX requirements or verifications is needed for all SUL and UL sharing scenarios.
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