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1 Introduction

In RAN1#88bis meeting, there was a discussion on LTE-NR coexistence in UL and following conclusion was made [1]:
	Conclusion:

· For LTE-NR coexistence in UL, several alternatives were proposed and discussed, and there is no common understanding of the corresponding performance impact. RAN1 to continue the discussion on possible alternative(s) to conclude on the performance impact via evaluation, RAN1 specification impact, analysis of potential impact on other NR features, etc.

· Email discussion after RAN1#88bis till next meeting – David (Huawei)


This document will discuss UL LTE-NR coexistence mechanisms and related issues including interference handling for multi-waveform coexistence and subcarrier and RB grid between LTE and NR. 
2 Coexistence Mechanisms
2.1 Semi-Static Multiplexing

For LTE-NR coexistence, semi-static resource partition (TDM/FDM) is a straightforward approach that was widely considered. 

In Fig. 1, TDM based LTE-NR coexistence examples are shown. In FDD, the LTE uplink subframes can be used by NR uplink. In TDD, both MBSFN subframes and LTE uplink subframes can be used by NR uplink. It is assumed here that the MBSFN subframes are not utilized by LTE downlink transmission when it is used for NR uplink transmission. Further, due to the fixed HARQ-ACK timing and the scarcity of UL subframes for most UL/DL configuration, the LTE PUCCH region will need to be avoided by NR transmissions (unless there is no DL scheduling for LTE UEs).
In Fig. 2, FDM based LTE-NR coexistence examples are shown. A simple way is to partition the bandwidth between LTE and NR and then both systems can be operated independently, as shown in the examples of Alt. 1. Alternatively, for NR forward compatibility, it is also possible that LTE can be operated within the NR bandwidth, as a reserved resource for NR system, as shown in the example of Alt. 2. It is observed that Alt. 2 achieves better resource utilization than Alt. 1 since the amount of guard-band can be reduced and dynamic bandwidth sharing is possible. 
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Figure 1. Examples of TDM based LTE-NR coexistence
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Figure 2. Examples of FDM based LTE-NR coexistence
2.2 Dynamic Resource Sharing with Shared System Bandwidth
Different from LTE downlink, transmission of uplink essential signals/channels is controlled by the NW (not “always on”) and can occur in a time/frequency localized manner. Therefore, it is possible that LTE and NR may share the same spectrum in a more dynamic way. In Fig. 3, dynamic LTE-NR coexistence example is shown.
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Figure 3. An example of dynamic resource sharing between LTE and NR
Proposal 1: Consider both semi-static and dynamic resource sharing for LTE and NR coexistence.
3 UL Multi-Waveform Coexistence between LTE and NR
As it was agreed in the previous meeting, NR supports DFT-S-OFDM based waveform complementary to OFDM waveform [2]. In addition, NR supports multiple numerologies, e.g., SCS=15/30/60kHz. Hence, there could be several possible combinations of waveforms and numerologies for coexistence between LTE and NR. 
This section focuses on the shared system bandwidth scenario between LTE and NR which has potential interference issues due to different waveforms and numerologies.
3.1 Coexistence scenarios with shared system bandwidth

There can be at least 3 scenarios for UL multi-waveform coexistence and, depending on the scenario, there can be associated interference issues.
1) Same waveform & numerology
1-1) Aligned subcarrier grid between LTE and NR
· Applicable upon NR using15kHz SCS and utilizing half tone shift either in baseband or in carrier raster
⇒ Marginal interference is expected between LTE and NR.
1-2) Not 
aligned subcarrier grid between LTE and NR

· Applicable upon NR using 15kHz SCS and not utilizing half tone shift both in baseband and in carrier raster

⇒ Considerable interference from NR to LTE is unavoidable unless LTE does not change its Rx structure as explained in section 3.3.
2) Same waveform but different numerologies
· Applicable upon NR utilizing UL DFT-S-OFDM for coverage enhancement

· Interference between adjacent UL resources due to different numerologies between LTE (15kHz SCS) and NR (30/60kHz SCS)      
 ⇒ Interference mitigation by guard-frequency or guard-time is applicable
3) Different waveform and numerologies
· The most general scenario for UL resource sharing between NR and LTE 
· Interference between adjacent UL resources due to different numerologies between LTE (15kHz SCS) and NR (30/60kHz SCS)
⇒ Interference mitigation by guard-frequency or guard-time is applicable
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Figure 4. Examples of UL multi-waveform coexistence

3.2 Interference handling methods for UL multi-waveform coexistence

For the case 2) and 3), there can be interference issues due to different numerologies, i.e., subcarrier spacing. Since LTE didn’t use sub-band Rx filter, the interference can occur at the FFT input due to the discontinuity of NR signals as shown in Figure 5.
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Figure 5. An example of receiver operation at LTE side for 10MHz system BW
Figure 6 illustrates the frequency responses of LTE and NR signals. Before CP removal, LTE and NR signals have the confined spectrum (see red and blue colors). However, after CP removal and truncating the signal to input into FFT block, spectrum regrowth of NR signals occurs due to the discontinuity of the signal (see orange and sky-blue color). To resolve this interference problem, two methods can be considered; guard-band and/or guard-time. These two methods can be used simultaneously or not.
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Figure 6. PSD of LTE and NR signals at the receiver side of LTE
Guard-band/Guard-time
The definition of guard-band in case of mixed-numerology is illustrated in Figure 7. We consider 60kHz SCS for NR system and evaluate 60/180 kHz guard-band between LTE and NR.
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Figure 7. Definition of guard-band used in the evaluation
Alternatively, to avoid the discontinuity problem, NR with DFT-S-OFDM waveform can use guard-time. Since DFT-S-OFDM carries data on the time domain pulse shape, guard-data can be used, i.e., zero data symbols, to null some portion of signals in the time domain as depicted in Figure 8. This can mitigate the discontinuity problem at the FFT input in LTE Rx.
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Figure 8. Guard-time technique to reduce interference at the LTE receiver (guard-data=3)
Figure 9 shows the BLER of LTE UL considering guard-band/guard-time. It is observed that guard-band/guard-time can be beneficial to mitigate interference from NR. Especially, if both guard-time and guard-band are used simultaneously, similar BLER can be obtained as in case of no NR interference. Details of simulation parameters are summarized in the Appendix.
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Figure 9. BLER performance of LTE
Proposal 2: Consider both guard-band and guard-time methods to mitigate interference  for LTE-NR coexistence scenarios with shared system bandwidth.
3.3 Subcarrier grid alignment

In LTE, DFT-S-OFDM was used as the waveform for uplink data. Hence, to maintain single carrier property and minimize the impact of DC carrier, half subcarrier shift was adopted. Figure 10 shows subcarrier and RB grid in LTE uplink.
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Figure 10. Subcarrier and RB grid in LTE uplink
In NR, CP-OFDM was agreed to be used in eMBB uplink as a baseline waveform. It was also agreed that uplink transmit DC subcarrier at the transmitter side is modulated [1]. In addition, since NR supports mixed numerologies, it is desirable to use center-oriented RB grid as shown in [3]. Based on these assumptions, there could be 2 alternatives for NR subcarrier and RB grid for uplink, especially for 15kHz SCS (see Figure 11).

[image: image13.png]Alt.1

Alt.2

cee

RB grid (12tones)

RB grid (12tones)

1234567 89101112

1180

MY

VRV

T
0

RB grid (12tones)

T
180

1234567 89101112

I ﬁ!eq. (kHz)

cee

t
0

180

I\‘req. (kHz)




Figure 11. Two alternatives of subcarrier and RB grid for NR uplink
For Alt.1, center of subcarrier is positioned on 0Hz frequency in the baseband and this is not aligned with that of LTE uplink. Considering FDM’ed LTE and NR with shared channel bandwidth, this causes interference between LTE and NR. Especially for 15kHz SCS, since LTE did not use sub-band Rx filtering at the receiver side, interference from NR to LTE is unavoidable unless LTE does not change its Rx structure. For Alt.2, however, center of subcarrier is aligned with that of LTE. Thus, there will be marginal interference between LTE and NR if NR uses 15kHz SCS for this case. From this aspect, Alt.2 is more suitable. 

Proposal 3: At least for 15kHz SCS, NR supports the same subcarrier grid with that of LTE uplink in the FDM’ed LTE and NR coexistence scenario with shared channel bandwidth.

For the realization of half-tone shift for NR uplink, there are 2 approaches as discussed in [4].
· Alternative #2 in [4]: Introduce half-tone shift for NR uplink
· Alternative #3 in [4]: Adjust uplink carrier frequency by 7.5 kHz offset.
Considering negative impact on UE complexity with alternative 2, alternative 3 is more suitable and, with this alternative, there is no specification impact from RAN1 perspective. In addition, once alternative 3 is supported, it would be applied regardless of subcarrier spacing to reduce specification burden related to carrier raster in RAN4. Since there is interference issues regardless of 7.5kHz shift if NR uses the other subcarrier spacing than 15kHz, obviously, applying 7.5kHz shift for all SCSs does not raise additional problem.
Proposal 4: Support alternative 3 in [4] for the realization of half-tone shift for NR uplink.
It is worth noting that even though LTE and NR shares the same channel bandwidth and has the same subcarrier grid it is possible to have different number of RBs between LTE and NR. For example, for 5MHz channel bandwidth, LTE has 25RBs as a total number of RBs while NR may have 26RBs (or higher) to achieve enhanced spectrum utilization than that of LTE. In that case, there is RB grid mismatch between LTE and NR as shown in Figure 12. However, this can be handled by implementation. gNB can schedule LTE and NR with non-overlapping manner. 
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Figure 12. Example of RB grid for LTE and NR
4 Conclusion
Proposal 1: Consider both semi-static and dynamic resource sharing for LTE and NR coexistence.
Proposal 2: Consider both guard-band and guard-time methods to mitigate interference  for LTE-NR coexistence scenarios with shared system bandwidth.
Proposal 3: At least for 15kHz SCS, NR supports the same subcarrier grid with that of LTE uplink in the FDM’ed LTE and NR coexistence scenario with shared channel bandwidth.

Proposal 4: Support alternative 3 in [4] for the realization of half-tone shift for NR uplink.
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Appendix

Table 1. Simulation parameters for UL evaluation

	Assumptions 
	Value 

	Carrier frequency
	4GHz 

	System Bandwidth 
	10 MHz 

	TTI length 
	1 ms

	Subcarrier spacing 
	15kHz (LTE), 60KHz (NR)

	Guard time (CP) interval
	6.7% for 15kHz, 20% for 60kHz overheads

	FFT size 
	1024 for 15kHz, 256 for 60KHz

	Data transmission bandwidth 
	720 kHz (LTE, NR)

	Antenna  configuration
	1T1R   

	MCS 
	64QAM 1/2 

	Control Overhead 
	Zero

	Channel estimation 
	Ideal

	Channel Model
	TDL-C for DS 300ns, Mobility: 3km/h 

	PA output power
	22 dBm


PA Model
To evaluate maximum spectral efficiency, we used the agreed PA model in RAN1 evaluation. Details of PA parameters are summarized as follows. Throughout all the evaluations in this contribution, we used 22dBm as an operating output power.

· PA output y(t) to be computed from input x(t) using the formula
y(t) = p0 + p1∙x(t) + p2∙x(t)2 + p3∙x(t)3 + …

· The coefficients are organized as follows: [p9  p8  p7  …  p0] and the

· pam = [7.9726e-12  1.2771e-9  8.2526e-8  2.6615e-6  3.9727e-5  2.7715e-5  -7.1100e-3  
          -7.9183e-2  8.2921e-1  27.3535];

The AM-AM and AM-PM characteristics of the PA model are as follows.
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Figure 13. PA model for the uplink evaluation 
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