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1. Introduction

This contribution discusses the uplink 7.5 kHz raster shift to align subcarriers between LTE and NR.
2. Discussion

A RAN1 agreement on subcarrier alignment and uplink channel raster is as follows [1]

· 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 

Thus, the specifications should allow for both Scheme 1 and Scheme 2.  To enable NR and LTE coexistence by Scheme 1, guard bands, TDM, or other mechanisms are presumed to be defined in RAN1.  It is not expected that any RAN4 raster-related definition should be motivated by Scheme 1.  Therefore, we focus on raster-related discussion as it pertains to Scheme 2 keeping in mind that Scheme 1 should also be supported by the specifications.
For Scheme 2, RAN1 states that subcarrier alignment between NR and LTE UL should be enabled.  Specifically, the “NR UL raster is with a 7.5 kHz shift to the LTE UL raster”.  We interpret this statement to mean that the NR UL raster should be shifted by 7.5 kHz with respect to the LTE UL raster.  In other words, if the LTE raster is defined as n*100 kHz, then the NR raster should be defined as n*100 + 7.5 kHz (or possibly -7.5 kHz), assuming the definition of a 100 kHz NR UL raster.  

Unfortunately, some confusion has arisen in the understanding of the RAN1 LS.  For example in [2], the meaning of the raster shift is questioned and the relationship between the raster, the LO frequency, the DC, and the zero baseband frequency is discussed.  Our understanding of these topics is as follows.
The channel raster is defined to be the set of frequencies where the channel center frequency can be located.  These channel center frequencies are identified by EARFCN for LTE where the channel raster is 100 kHz for all bands.  Therefore, the channel center frequency can be located only at n*100 kHz frequency locations.  For LTE, it is assumed that the Tx LO is placed exactly at the channel center frequency and that this also corresponds to the zero baseband frequency location since direct conversion is assumed.  For LTE, the uplink RB’s are further “shifted” by half the subcarrier spacing (i.e., 7.5 kHz) according to 36.211 by baseband digital rotation as shown below.
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With this construction and the recognition that the LTE uplink bandwidth configuration expressed in number of subcarriers (
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) is always an even number, the baseband DC frequency before upconversion and the LO frequency at RF is always exactly in between two subcarriers in the middle of the channel.  

For NR, to align the subcarriers with LTE, then a 7.5 kHz shift should also be specified.  However, for NR, the 7.5 kHz shift is specified at least in the wording of the LS [1] as a shift in the raster.  In other words, it is the NR raster itself rather than the baseband waveform, that is shifted by 7.5 kHz as shown in the third and fourth diagrams of Figure 1.  This can be viewed as the Tx LO being shifted by 7.5 kHz rather than the baseband waveform being shifted.  In this manner, the subcarriers do align between NR and LTE for the same subcarrier spacing, i.e., 15 kHz.  This can be seen in Figure 1 where the subcarriers in the first, third, and fourth diagrams are aligned.  However, the Tx LO is no longer in the center of the channel for NR if we use the LTE channel as a reference as seen in third diagram of Figure 1.  An alternative NR-centric view is that the channel itself is shifted by 7.5 kHz since it is the center frequency and bandwidth that define a channel as illustrated in the fourth diagram of Figure 1.  However, in this case, the definition of channel is no longer the same between LTE and NR.  
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Figure 1.  Simplified illustration of subcarriers within a channel.  Top figure shows LO in center of the channel, RB's shifted in baseband.  Second figure shows no shift.  Third figure shows raster (LO) offset if using LTE channel as reference.  Fourth figure shows raster offset without regard to the LTE channel.

Another aspect is the Tx LO or baseband equivalent DC frequency is now coincident with an uplink subcarrier rather than located between subcarriers.  While RAN1 design is transparent with respect to the location of the Tx LO or DC with respect to a subcarrier, i.e., all subcarriers are modulated, it is recognized that RAN4 may define a relaxed EVM for a subcarrier overlapping with DC to indicate degraded performance.  

The fact that the LO for NR may not be located in the center of the channel requires additional consideration.  In-band emissions LO and IQ image exceptions are based on an assumption of the location of the LO.  If there are multiple possible locations for the LO (i.e., in the middle of the channel under Scheme 1 or offset by 7.5 kHz under Scheme 2), then the specifications become more complex.  MPR and A-MPR simulations also assume the location of the LO is fixed since the location and reach of spurious products are related to the separation from the LO.  If there are multiple options for LO location, then MPR and A-MPR simulations must take this into consideration.  Either the simulations will need to find the worst case LO location, or the MPR and A-MPR tables may need to include an additional dimension to include multiple LO locations.  Lastly, for a case of uplink sharing between LTE and NR where the same carrier is shared by RB’s are allocated separately between LTE and NR, the fact that the LO is not in the same location for LTE vs. NR may become problematic since it is assumed that a common RF Tx path should be used for both LTE and NR.
It seems that the choice of RAN1 to specify an UL raster shift (or equivalently, an LO shift) of 7.5 kHz for NR creates an inconsistency between NR and LTE and may result in additional complication for RAN4.  On the other hand, it appears that the alternative of specifying a baseband shift of 7.5 kHz may be more straightforward for RAN4 specifications.  
3. Conclusion

The LS from RAN1 regarding the support of either no alignment between subcarriers in LTE and NR, or alignment by way of shifting the NR raster by 7.5 kHz is evaluated.  It is understood that RAN1 intends the NR raster to be shifted itself rather than baseband shifting of the NR waveform.  By shifting the NR raster itself, the Tx LO is no longer placed in the middle of the channel leading to additional complexity in the RAN4 specifications and derivation thereof.  If it is agreed to send an LS to RAN1, then this aspect may be included in the LS.
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The time-continuous signal � EMBED Equation.3 ��� for antenna port � EMBED Equation.3 ��� in SC-FDMA symbol � EMBED Equation.3  ��� in an uplink slot is defined by 


� EMBED Equation.3 ���


for� EMBED Equation.3  ��� where � EMBED Equation.3  ���, � EMBED Equation.3  ���, � EMBED Equation.3  ��� and � EMBED Equation.3 ��� is the content of resource element � EMBED Equation.3  ��� on antenna port � EMBED Equation.3 ���.
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