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1 Introduction
In last RAN plenary meeting, it was agreed that LTE/NR UL subcarrier alignment is to be specified by Dec 2017 [1]. In this contribution, we discuss possible options to achieve LTE/NR UL subcarrier alignment.
2 Discussion

To achieve LTE/NR UL subcarrier alignment, several options are feasible as discussed in the subsection below. One of the important aspects to select different options to achieve LTE/NR UL subcarrier alignment is about the LTE/NR switching time required for switching from LTE transmission to NR transmission. To guarantee the performance of LTE/NR UL sharing, it is critical to ensure that the LTE/NR switching time is zero or small enough to have no or negligible impact on system performance with LTE/NR UL sharing.
Figure 1 shows exemplary band combinations for NSA NR with SUL for UL sharing with network and UE perspective. According to [1], UL sharing from network perspective is defined as:
· UL NR-LTE coexistence with UL sharing only from network perspective 
· Some UEs transmit NR UL on an NR UL carrier overlapping with the bandwidth of a carrier on which other UEs transmit LTE UL

· A UE is not configured with a NR UL carrier overlapping with the bandwidth of a LTE component carrier configured for the same UE for LTE operation 
and UL sharing from UE perspective is defined as:
· UL NR-LTE coexistence with UL sharing from UE perspective 

· A UE is configured with a NR UL carrier overlapping with the bandwidth of a LTE component carrier configured for the same UE for LTE operation

· E.g. a UE supports transmitting NR UL and LTE UL within the bandwidth of an LTE component carrier configured for the UE 
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Figure 1: LTE/NR UL sharing from network (left) and UE (right) perspective
In the left part of Figure 1, LTE UL carrier and NR SUL carrier is on adjacent carriers. From UE implementation perspective, single carrier leakage frequency (i.e. the LO frequency) needs to cover both the LTE UL carrier and the NR SUL carrier. Thus, zero or negligible LTE/NR switching time should be provided for UL sharing from both network perspective and UE perspective.

Observation: LTE/NR switching time is relevant to LTE/NR UL sharing from both network and UE perspective.
To facilitate the discussion, the baseband signal generation from TS38.21 is copied below:

The time-continuous signal 
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 and subcarrier spacing configuration 
[image: image4.wmf]m

 for OFDM symbol 
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 in a subframe for any physical channel or signal except PRACH is defined by
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 is such that the lowest numbered subcarrier in a resource block for subcarrier spacing configuration 
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 coincides with the lowest numbered subcarrier in a resource block for any subcarrier spacing configuration less than 
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.
The modulation and upconversion is described in TS38.211 as following:
Modulation and upconversion to the carrier frequency 
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 of the complex-valued OFDM baseband signal for antenna port 
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 and subcarrier spacing configuration 
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 is given by 
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The variable 
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 in the baseband signal can be viewed as a local variable since 
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. In other words, the phase of the base band signal is reset every OFDM symbol. The variable 
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 in the upconversion equation can be viewed as a global variable, since it is continuous across OFDM symbols.
2.1 Option 1: Base band shift
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(a)                                       (b)

Figure 1: Baseband shift for LTE/NR UL subcarrier alignment 

Figure 1 illustrates the baseband shift to achieve LTE/NR UL subcarrier alignment. The baseband signal generation needs to be updated according to the following:
The time-continuous signal 
[image: image20.wmf](
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 and subcarrier spacing configuration 
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 for OFDM symbol 
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 in a subframe for any physical channel or signal except PRACH is defined by
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Note that half subcarrier spacing, i.e.
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, is included in the base band signal generation. Due to the reason that the variable 
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 in the baseband signal is a local variable (i.e. 
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), the baseband signal with baseband shift is different from the baseband signal in the current TS38.211 specification. Although the baseband shift option requires RAN1 specification update, it provides the following benefits:

Benefit 1: With the baseband shift, carrier frequency of 
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 can be the same for LTE UL and NR UL. Thus, LTE/NR switching does not require any LO retuning time. Consequently, the interruption time is minimized to guarantee the performance of LTE/NR UL sharing. 

Benefit 2: The option of baseband shift supports implementations with either independent RF chains or shared RF chains, thus providing maximum implementation flexibility.

Benefit 3: The option of baseband shift leads to same NR carrier leakage frequency (i.e. LO frequency) as the NR carrier frequency. This provides conceptually cleanest specification, and helps avoiding any possible misunderstanding on implementation.
Benefit 4: RAN4 specification does not need to have different NR UL channel rasters.
2.2 Option 2: Base band digital rotator
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(a)                                        (b)

Figure 2: Baseband digital rotator for LTE/NR UL subcarrier alignment 

Figure 2 illustrates the baseband digital rotator to achieve LTE/NR UL subcarrier alignment. The baseband signal and upconversion are kept the same as in current specification of TS38.211. To achieve LTE/NR UL subcarrier alignment, the carrier frequency for LTE 
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 and the carrier frequency for NR 
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 differs by 7.5kHz. The 7.5kHz difference of the carrier frequency is implemented in the baseband by a digital rotator, with continuous phase across OFDM symbols. At the same time, the LO frequency can be kept the same for LTE and NR.

The benefits of baseband digital rotator are as following:
Benefit 1: The option of baseband digital rotator allows same LO frequency for LTE and NR. Consequently, the interruption time is minimized to guarantee the performance of LTE/NR UL sharing. 

Benefit 2: The option of baseband digital rotator supports implementations with either independent RF chains or shared RF chains, thus providing maximum implementation flexibility.

One drawback of baseband digital rotator is as following:
Drawback 1: The option of digital rotator requires LO frequency (or the carrier leakage frequency) to be different from the carrier frequency 
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. This may create some confusion in implementation since typical implementation assumes same LO frequency (or the carrier leakage frequency) as the carrier frequency.
2.3 Option 3: RF shift with independent RF chains 
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Figure 3: RF shift with independent RF chains 

Figure 3 illustrates the RF shift with independent RF chains. The baseband signal and upconversion are kept the same as in current specification of TS38.211. To achieve LTE/NR UL subcarrier alignment, the carrier frequency for LTE 
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 and the carrier frequency for NR 
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 differs by 7.5kHz. With independent RF chains, the LO frequency (or the carrier leakage frequency) can be the same as the carrier frequency, i.e. the LO frequency for LTE is the same as the carrier frequency for LTE and the LO frequency for NR is the same as the carrier frequency for NR.

The benefits of RF shift with independent RF chains are as following:

Benefit 1: The option of RF shift with independent RF chains does not require RF retuning time for LTE UL transmission and NR UL transmission. Consequently, the interruption time is minimized to guarantee the performance of LTE/NR UL sharing.

Benefit 2: The option of RF shift with independent RF chains leads to same NR carrier leakage frequency (i.e. LO frequency) as the NR carrier frequency. This provides conceptually cleanest specification, and helps avoiding any possible misunderstanding on implementation.
The drawback of RF shift with independent RF chains is as following:

Drawback 1: The option of RF shift limits the implementation flexibility and increases the cost.
2.4 Option 4: RF shift with shared RF chain 
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Figure 4: RF shift with shared RF chain 

Figure 4 illustrates the RF shift with shared RF chains. The baseband signal and upconversion are kept the same as in current specification of TS38.211. To achieve LTE/NR UL subcarrier alignment, the carrier frequency for LTE 
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 and the carrier frequency for NR 
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 differs by 7.5kHz. With shared RF chains between LTE and NR SUL, the LO frequency (or the carrier leakage frequency) needs to be retuned between LTE transmission and NR UL transmission. Thus, significant performance impact will occur if the LO frequency retuning time is large.

The benefit of RF shift with shared RF chains is as following:
Benefit 1: The option of RF shift with shared RF chains leads to same NR carrier leakage frequency (i.e. LO frequency) as the NR carrier frequency. This provides conceptually cleanest specification, and helps avoiding any possible misunderstanding on implementation.
The drawback of RF shift with shared RF chains is as following:

Drawback 1: For band combination with LTE UL and SUL in a same band, the option of RF shift with shared RF chains requires frequency retuning between LTE UL and NR UL transmission, leading to significant performance loss if such frequency retuning time is large.

2.5 Analysis of transition or switching time between LTE and NR
Assuming the NSA SUL band combination is made up of an LTE band, an SUL band and an NR band and the SUL band is within the same frequency range as the LTE UL operating band, we would like to analyze the transition/switching time between LTE and NR for different scenarios and different UE architectures following the approach in [2].
And for the analysis in this section, the transient period caused by the transmitting power level changes, including from ON to OFF and from OFF to ON, are not taken into account. 

The following switching time may include the RF retuning time, the switching time of switcher, the antenna switching time, and PA calibration table loading time depending on the different UE architectures.
Option 1: Baseband shift

· Baseband shift with a shared RF chain and a shared PA as shown in Figure 1(a)

· For the NSA uplink sharing from network perspective, where LTE UL carrier and NR SUL carrier are on the separate carriers

· It is expected that the wideband RF chain or separate RF chains are used to cover both LTE UL and NR SUL carriers simultaneously. Then the switching time between LTE and NR does not include LO retuning time but switching time of the switcher on baseband. So the switching time is almost equal to 0us, i.e, Ttransition ≈ 0us

· For the NSA uplink sharing from UE perspective, where LTE UL carrier and NR SUL carrier are on the same carrier

· The LO frequency is not changed between LTE and NR transmissions. Thus the transition time between LTE and NR is almost 0, i.e., Ttransition=0us.

· Baseband shift with independent RF chains and a shared PA as shown in Figure 1(b)

· For NSA uplink sharing from both network perspective and UE perspective

· The transition time between LTE and NR is basically the switching time of the switcher between RF chains and the shared PA. Thus the switching time is almost 0, i.e., Ttransition=0us.

Option 2: Baseband digital rotator

· Baseband digital rotator with a shared RF chain and a shared PA as shown in Figure 2(a)

· For the NSA uplink sharing from network perspective, where LTE UL carrier and NR SUL carrier are on the separate carriers

· It is expected that the wideband RF chain or separate RF chains are used to cover both LTE UL and NR SUL carriers simultaneously. Then the switching time between LTE and NR does not include LO retuning time but the switching time of switcher on the baseband modem. So the switching time is almost equal to 0us, i.e, Ttransition ≈ 0us

· For the NSA uplink sharing from UE perspective, where LTE UL carrier and NR SUL carrier are on the same carrier

· The LO frequency is not changed between LTE and NR transmissions. Thus the transition time between LTE and NR is the switching time of the switcher and almost 0, i.e., Ttransition=0us.

· Baseband digital rotator with independent RF chains and a shared PA as shown in Figure 2(b)

· For NSA uplink sharing from both network perspective and UE perspective

· The transition time between LTE and NR is basically the switching time of the switcher between RF chains and the shared PA. Thus the switching time is almost 0, i.e., Ttransition=0us.

Option 3: RF shifts with independent RF chains and independent PAs
· RF shifts with independent RF chains and independent PAs as shown in Figure 3

· For the NSA uplink sharing from both the network perspective and the UE perspective
· For LTE-NR TDM transmission mode, the switching or transition time may only include the antenna switching time, because the UE can prepare the RF chain in advance separately. And the antenna switching time is around 15us. Therefore, Ttransition=15us (And in principle, the simultaneous LTE and NR transmission can be supported).

Option 4: RF shifts with a shared RF chain and a shared PA
· RF shifts with a shared RF chain and a shared PA as shown in Figure 4

· For the NSA uplink sharing from both the network perspective and the UE perspective
· The switching or transition time include LO retuning , i.e., Ttransition=100~200us according to [2].
2.6 Summary
Table 1 summarizes the comparison among the four options discussed in this contribution. It is assumed that the LTE UL carrier and the NR SUL carrier are in the same band. From Table 1, it can be seen that Option 1 baseband shift is the most preferred option in terms of performance, implementation flexibility, and clear specification to guide implementation. Thus, it is proposed that baseband shift is adopted to enable LTE/NR UL subcarrier alignment.
Proposal 1: From RAN4 perspective, option 1 baseband shift is recommended to achieve LTE/NR UL subcarrier alignment. Send LS to RAN1 information RAN4 recommendations.
Table 1: summary of options to achieve LTE/NR UL subcarrier alignment
	Options
	LTE/NR system performance
	Implementation flexibility/freedom
	NR carrier leakage frequency same as NR carrier frequency
	0us switching/transition time 
	Subcarrier alignment captured in RAN1 or RAN4

	Option 1: Baseband shift
	Good
	No restriction
	Yes
	achievable
	RAN1

	Option 2: Baseband digital rotator
	Good
	No restriction
	No
	achievable
	RAN4

	Option 3: RF shift with independent RF chains
	Good
	N/A
	Yes
	Close to
	RAN4

	Option 4: RF shift with shared RF chains
	Poor
	N/A
	Yes
	Not achievable
	RAN4


3 Conclusion
This contribution discusses options to achieve LTE/NR UL subcarrier alignment. Four options, i.e. baseband shift, baseband digital rotator, RF shift with independent RF chains, and RF shift with shared RF chains, are discussed and compared. Option 1 baseband shift is the most preferred option in terms of performance, implementation flexibility, and clear specification to guide implementation. Thus, it is proposed that baseband shift is adopted to enable LTE/NR UL subcarrier alignment.

Proposal 1: From RAN4 perspective, option 1 baseband shift is recommended to achieve LTE/NR UL subcarrier alignment. Send LS to RAN1 information RAN4 recommendations.
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