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1. Background
In RAN4 AH #1801, whether or not to introduce additional BS requirements for UL sharing was discussed intensively both online and offline [1]. One of the identified open issues is the orthogonality between LTE and NR in the same carrier due to spectrum confinements applied on NR signals. 
In this contribution, we provide an analytical insight into this issue and show that the spectrum confinements may degrade the orthogonality between LTE and NR signals. 
2. Discussion
For the sake of simplicity, we look at a simple scenario with assumption of ideal synchronization in time domain between UEs and BS, as shown in below Fig. 1.
Two UEs are FDMed within the same carrier (e.g.,20MHz), where UE #1 transmits LTE signal and UE #2 transmits NR signal at the same time. And BS receives the combined signal with the same FFT. Fig. 1 shows a simplified system diagram by assuming perfect time synchronization.
[image: ]
Fig. 1, Simplified scenario for NR-LTE coexistence with UL sharing 
The received signal before FFT can be expressed as:


Where 
· {RBset1}: the RB set for LTE signals
· {RBset 2}: the RB set for NR signals
· P1 (k): LTE content for sub-carrier k
· P2 (k): NR content for sub-carrier k
· p(t): rectangle waveform for LTE
· q(t): waveform for NR
· n(t): additive noise
· 
: fading factor for LTE sub-carrier k
· 
: fading factor for NR sub-carrier k 
· Δf: sub-carrier spacing
· ε1: frequency offset between UE #1 and BS
·  ε2: frequency offset between UE #2 and BS
After sampling at the system N*Ts: 

	Eq. (1)	
γ1 and γ2 are the normalized frequency offset to the subcarrier bandwidth of the two UEs and we assume that both of their absolute values are less than 1.
System FFT is performed on the received signal:

Eq. (2)
Note that if γ1 is not zero, and p(n) = 1 within the OFDM symbol, then

                            Eq. (3)
Otherwise, if γ1 is zero,

      Eq. (4)
Ideal case with perfect time and frequency synchronization

        Eq. (5)
For LTE sub-carriers,

                  Eq. (6)
For NR sub-carriers,

                Eq. (7)
[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 1: In ideal case with perfect time and frequency synchronization and spectrum confinement applied on NR signal, LTE signal has no interference to NR signal, but NR signal has interference to LTE signal.
Non-ideal case with non-zero frequency offset
Let 

                 Eq. (8)
It can be further simplified as: 

                                 Eq. (9)
For both LTE and NR sub-carriers,

             Eq. (10)
We could see that there are cross interference between LTE and NR signals in non-ideal case with non-zero frequency offset. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Observation 2: In non-ideal case with non-zero frequency offset, there is cross interference between LTE and NR signals.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Observation 3: Orthogonality degradation is observed between LTE and NR signals for UL sharing. 
The orthogonality degradation may become worse e.g., NR signal has higher power, etc. What impact it may have on both link-level and system level performance should be studied. Before the study is finalized, RAN4 should not exclude any additional BS requirement for UL sharing.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 1: Before the study is finalized on the impact from the orthogonality degradation, RAN4 should not exclude any additional BS requirement for UL sharing.

3. Conclusions
Based on the above discussions, we have the following observations and proposal on the potential orthogonality issue between NR and LTE with UL sharing:
Observation 1: In ideal case with perfect time and frequency synchronization and spectrum confinement applied on NR signal, LTE signal has no interference to NR signal, but NR signal has interference to LTE signal.
Observation 2: In non-ideal case with non-zero frequency offset, there is cross interference between LTE and NR signals.
[bookmark: _GoBack]Observation 3: Orthogonality degradation is observed between LTE and NR signals for UL sharing.
Proposal 1: Before the study is finalized on the impact from the orthogonality degradation, RAN4 should not exclude any additional BS requirement for UL sharing.
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