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1. Introduction 
In the RAN WG1 Meeting #89, the following work plan for LTE-NR coexistence was agreed for the June ad-hoc meeting [1]. 

	
· June ad-hoc RAN1 meeting
· UL sharing
· Subcarrier alignment vs. no subcarrier alignment: companies are expected to provide final evaluations and analysis, and RAN1 to make a decision among 3 alternatives
· Continue discussion on timing, power control, UL carrier selection, handling of UL transmissions including SRS and PRACH in the shared UL bandwidth
· DL sharing
· No open issue
· Adjacent channel coexistence for TDD
· Conclude on the periodicity of the DL/UL configuration(s)
· Discuss the possible patterns of the DL/UL configuration(s)
· August RAN1 meeting
· UL sharing
· Conclude on the aspects above
· Adjacent channel coexistence for TDD
· Conclude on the exact patterns of the DL/UL configuration(s)


Per the agreed work plan, the following topics are discussed in this contribution: 
· Subcarrier alignment for UL sharing 
· Adjacent channel coexistence with LTE TDD.
2. Open issues
2.1. Subcarrier alignment for UL sharing 
The issue relates to half-tone shifting when NR shares UL charrier with LTE and 15 kHz SCS is used for NR. Considering that the UL sharing has been motivated to enable smooth migration from LTE to NR network by operators, it is expected that the choice of 15 kHz SCS for NR would be the most common by network operators for the LTE-NR shared UL carrier. Therefore, a resolution is necessary on whether to apply half-tone shift to NR UL or not and the following possible resolutions have been identified: 

Alt. 1: Do nothing
With Alt. 1, the NR and LTE UL subcarriers can be misaligned with each other and, thereby, the inter-subcarrier interference will be incurred between NR and LTE UL transmissions. Some implementation based solution can be considered, e.g., guard band between LTE and NR UL. Regarding the guard band, we need to address the following questions:
1. How large a guard band needs to be?
One source claimed that no guard band is needed when low modulation order is used, whereas one PRB guard band may be needed for high modulation order [2]. It was observed that about 2 dB higher SNR is needed to meet the 10% BLER with 256QAM and ½ code rate. As it is not always possible for gNB to allocate a UE with low modulation order on the PRBs adjacent to LTE PRBs, one may conclude that 1 PRB guard band is generally required.
Another source claimed that at least one PRB for guard band is needed [3]. In respect to the out-of-band emission requirement, it was claimed that 1 PRB guard band for QPSK, 16QAM, 2 PRB guard band for 16QAM, and more than 3 PRB guard band for 64QAM will be needed.
Observation 1: At least 1 PRB guard band is generally required. The required guard band can increase for higher modulation order and code rate.
2. How many guard bands are necessary?
If the shared UL resource is bisected into two, one part for LTE and the other part for NR, then only one guard band is necessary. Consider an example where a 20 MHz carrier is bisected into two 10 MHz parts. Considering the LTE PUCCH transmission on both edge of the carrier, if we want to have only one guard band, the LTE UEs are needed to be configured in such a way that the LTE carrier bandwidth is basically 10 MHz. By doing so, the LTE PUCCH transmissions will be confined within the 10 MHz bandwidth part. However, configuring the carrier bandwidth to a fixed bisected value will significantly impact the flexibility of the resource allocation between the two systems. On the other hand, if we want fully flexible UL sharing between LTE and NR, more number of guard bands will be needed between the LTE and NR PRBs. 
Observation 2: More than one guard bands will be needed for flexible UL sharing between LTE and NR. 
Proposal 1: Considering the need for the guard band and possibly more than one guard bands, it is proposed to support half-tone shifting (possibly in RAN1 specification) to NR UL for 15 kHz SCS for shared UL carrier with LTE.   

Alt. 2: half-tone shift for NR UL at the baseband
With Alt. 2, it can be considered that NR has configurability to apply the half-tone shift at the baseband signal generation. For standalone NR, the MSI or RMSI can indicate whether to apply the half-tone shift for UL transmission or not. For dual connectivity of LTE and NR, a UE accesses LTE PCell and is configured by dual connectivity to also operate NR with the indication on half-tone shifting.  
Note that in LTE, the introduction of the half-tone shift was related to the adoption of DFT-S-OFDM waveform and compensating for DC offset, e.g., due to the use of direct frequency conversion. It was to avoid breaking the single-carrier property due to the nulling of a DC subcarrier for a single UE allocation scenario. By shifting the subcarriers, the direct impact of signal distortion at the zero frequency could be avoided but the distortion is spread over adjacent subcarriers. 
In case of UL CP-OFDM waveform, half-tone shift is not the inevitable choice to avoid the DC distortion unlike DFT-S-OFDM waveform. With the half-tone shifting, the spreading of the DC distortion to other subcarriers is unavoidable. However, note that here the shifting is considered in the context of shared UL carrier with LTE. From the aspect of avoiding the inter-subcarrier interference to LTE, it is still well-motivated to apply half-tone shift to CP-OFDM waveform. 
It was also pointed out that the half-tone shift will make cross-link interference cancellation for dynamic TDD more difficult. We note that by having the configurability, the half-tone shift may apply mainly to the LTE-NR shared UL scenarios only. 

Alt. 3: half-tone shift for NR UL at the RF
This option is to achieve the half-tone shift for NR UL at the RF via up-converting the baseband signal to the carrier frequency with the addition of 7.5 kHz offset. Fundamentally, Alt. 2 and Alt. 3 achieve the same goal. For standalone NR, the PLL can be configured to lock in to the carrier frequency plus 7.5 kHz offset. However, for dual connectivity of LTE and NR, Alt. 2 may be a cleaner solution. This is because a dual connectivity UE needs to maintain two different carrier frequencies for the same shared UL carrier. In some implementation options, the UE may need to implement two PLLs for the single shared UL carrier, unless the UE alternates between two carrier frequencies using one PLL. Alternatively, one can consider to have one PLL but implement 7.5 kHz frequency shifter between the baseband signal output and the RF block. Then, this is fundamentally not different from Alt. 2, except that the RAN1 spec does not specify the shifting. 
Proposal 2: Alt. 2 (half-tone shift for NR UL at the baseband) is adopted. The UE is configured to apply the half-tone shifting or not.
2.2. Adjacent channel coexistence with LTE TDD 
In the previous RAN1 meeting, it was agreed that “regarding to the periodicity that included in the higher layer signaling for the semi-static assignment of DL/UL transmission direction for NR, at least the following values are supported: [roughly 0.125ms, roughly 0.25ms] 0.5ms, 1ms, 2ms, 5ms, 10ms.” [4]. Note that this agreement was made in a general context of NR, not in the context of LTE-NR coexistence. For instance, 0.5ms periodicity is for the consideration of low latency communication, and 1ms periodicity for self-contained subframe structure. In the context of LTE-NR coexistence, probably 10ms periodicity could be enough as the LTE TDD configuration is defined for 10ms. In addition to 10ms periodicity, 5ms periodicity may be considered for LTE TDD configuration 0/1/2, which has repeated pattern within 10ms periodicity. The remaining decision is whether to support 0.125ms and 0.25ms, but as they are not related to LTE-NR coexistence, the decision is likely made in other relevant session. 
Secondly, possible pattern of DL/UL configuration(s) is discussed. Note that LTE Release-12 introduced the eIMTA feature which allows dynamic adaptation of the TDD pattern according to the varying DL/UL traffic demand. The eIMTA allows the flexible use of UL subframes for DL. The legacy UEs, which do not support eIMTA feature, cannot be scheduled for transmission during those UL subframes, if the network decides to flexibly use those UL subframes for DL transmission. Given that LTE can flexibly use a certain set of subframes for either DL or UL, the NR DL/UL configuration which do not allow flexible subframes will unnecessarily restrict the flexibility of NR operation.

Proposal 3: A flexible slot type is defined for NR DL/UL configuration(s).
3. Conclusion
In this contribution, open issues for LTE-NR coexistence have been discussed. In particular, the subcarrier alignment for UL sharing and adjacent channel coexistence with LTE TDD were discussed. In this regard, the following observations and proposals were made:

Observation 1: At least 1 PRB guard band is generally required. The required guard band can increase for higher modulation order and code rate.
Observation 2: More than one guard bands will be needed for flexible UL sharing between LTE and NR. 
Proposal 1: Considering the need for the guard band and possibly more than one guard bands, it is proposed to support half-tone shifting (possibly in RAN1 specification) to NR UL for 15 kHz SCS for shared UL carrier with LTE.   
Proposal 2: Alt. 2 (half-tone shift for NR UL at the baseband) is adopted. The UE is configured to apply the half-tone shifting or not.
Proposal 3: A flexible slot type is defined for NR DL/UL configuration(s).
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