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1 Introduction
RAN1 sent an LS to RAN4 to inform the agreements for UL sub-carrier alignment in [1] in last meeting. 

	Agreements:
· In NR, support configuration between the following for paired spectrum (support of scheme 2 below is conditioned on the assumption that 100kHz is adopted as a supported UL channel raster in NR to support LTE/NR co-existence with LTE FDD)
· Scheme 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL

· Scheme 2: allow subcarrier alignment between NR UL (15 kHz) and LTE UL, where NR UL raster is with a 7.5 kHz shift to the LTE UL raster


Since in the WF on RF channel raster [2], it is already agreed for UL LTE/NR co-existence, the channel raster for UL sharing band (e.g. bands agreed in NR WID i.e. RP-171485) can be decoupled from the NR DL band raster which means the condition on support of above scheme 2 can be always met.
In this contribution, UL sub-carrier alignment issue is discussed from RAN4 point of view based on 100 kHz channel raster and some observations are proposed to be sent to RAN1.
2 Discussion

As discussed in [3], channel frequency for NR has not been decided yet. Channel frequency is located over one sub-carrier for LTE DL and between two sub-carriers for LTE UL. So these two options are straightforward ways for NR and both of them can allow sub-carrier alignment between NR UL (15 kHz) and LTE UL:

Option 1: Channel frequency is over one sub-carrier as the black dash line in Figure 1;
Option 2: Channel frequency is between two sub-carriers as the black solid line in Figure 1.

[image: image1]
Figure 1 Channel frequency for NR
In RAN1 agreement, NR UL raster is with a 7.5 kHz shift to the LTE UL raster. However, the raster/channel frequency meaning for NR may not be aligned with LTE any more. For LTE, 

Channel frequency (over the channel raster) = the centre of all RBs = DC leakage (RF LO for direct up-conversion)
For NR, as we discussed in [4], the channel frequency is not at the centre of all RBs in some cases, which also means it is not the frequency of DC (carrier) leakage. So it is unclear what “raster shift” means. If it means only channel frequency shift, it should be noted that channel frequency shift means nothing if it can be defined and is not related to DC leakage frequency and zero frequency of baseband signal.
Regardless of the meaning of raster shift, we can come back to the start and discuss how to implement sub-carrier alignment through UE architectures. As in [5], several architectures can be considered as in Figure 2. 
· Option 1: LTE-NR shared RFIC and PA

· Option 2: LTE-NR shared PA and separate RFIC with 7.5 KHz RF shift

· Option 3: LTE-NR shared PA and separate RFIC with 7.5 KHz baseband shift
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(Option 3 LTE-NR shared PA separate RFIC and 7.5 kHz baseband shift)

Figure 2 Illustration of implementation options for UE in LTE-NR DC with UL sharing
All of the options can fulfil that 7.5 KHz shift to allow the subcarrier alignment between LTE and NR on the shared uplink. However there are some differences among the options. For an early implementation, both option 2 and 3 can be considered, where LTE and NR at UE side is not integrated tightly. For the lower carrier frequency, there are two RFICs, which will certainly increase the UE cost in a long term. Using two RFICs can allow the 7.5 KHz shift to be done on baseband or RF part, but from the cost perspective one RFIC is with clear benefit of low cost, small chip size and low power consumptions which is option 1. And option 1 only uses baseband shift. 
In addition, different LO due to RF shift between LTE and NR will cause multiple DC leakage frequencies so will degrade the BS receiver performance compared with single DC leakage frequency.
Then from the specification perspective, it should allow a low cost, small chip size, and low power consumption solution for the UE architecture. And this consideration is also from a forward compatibility point of view. 

Although the raster is allowed to be 7.5 KHz shift to the LTE UL raster, it does not indicate clearly that the 7.5 KHz shift is done in the RF part or in baseband. Shifting the baseband signal by 7.5 KHz is possible while at the same time keeping the raster 7.5 KHz away from the LTE carrier raster. 
And the baseband shift has low complexity because the shift is just multiplication of a phase rotation with the generated baseband signal without the shifting.
3 Conclusion
This contribution discusses the sub-carrier alignment issue for UL sharing and make following observation and proposal:

Observation 1: It is unclear what “raster shift” means. If it means only channel frequency shift, it should be noted that channel frequency shift means nothing if it can be defined and is not related to DC leakage frequency and zero frequency of baseband signal.
Observation 2: Different LO due to RF shift between LTE and NR will make LTE and NR unable to share RF chain.
Proposal: Above observations should be replied to RAN1 for further consideration.
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Option 1: NR UL channel frequency = LTE UL channel frequency +/- 7.5k
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Option 2: NR UL channel frequency = LTE UL channel frequency (over 100kHz raster/even RBs)
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