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1. Introduction
In the agreed NR WID, the following scopes are captured [1]:
	-	NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];
-	Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.
-	Minimize impact to NR physical layer design to enable this co-existence.
-	No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR
-	No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier



After the RAN1#89 meeting, the work plan under this agenda is indicated in [2]. Related to the following agreement, one of the remaining issues is how to achieve a single UL transmission. In this contribution we discuss the solutions to a single UL transmission. 
	Agreements:
· For NR NSA for a UE, NR supports the case that when the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· FFS whether or not there is specification impact
· If there is RAN1 specification impact, aim to minimize the specification impact for NR
· Note: this feature by itself is not intended to have any LTE RAN1 specification impact 
· Note: the other case of allowing simultaneous operation on two or more UL carriers is already agreed to be supported



Another issue is an UL carrier sharing between NR and LTE. At the RAN1#88bis meeting, the following conclusions were made and email discussion is continued.
	Conclusion:
· For LTE-NR coexistence in UL, several alternatives were proposed and discussed, and there is no common understanding of the corresponding performance impact. RAN1 to continue the discussion on possible alternative(s) to conclude on the performance impact via evaluation, RAN1 specification impact, analysis of potential impact on other NR features, etc.



In this contribution, we present our views on the above remaining issues.
2. Single UL transmission 
Support of single UL transmission was agreed mainly due to concerns about impact of intermodulation. However, although some documents [3, 4] discuss the detailed solution, the exact solution hasn’t been yet decided. Depending on the solution, as non-negligible specification impact for the other WGs is foreseen, RAN1 should carefully investigate the solution. When UE is configured with multiple UL carriers on different frequencies for NR-LTE dual connectivity, we consider the following two solutions. 
Alt. 1: Multiplexing both UL signals in a single UL carrier (Fig. 1)
In this solution, NR UL signal and LTE UL signals are multiplexed in MAC layer. For example, ACK/NACK bits for LTE DL and those for NR DL are multiplexed in a single UL PUCCH format on either LTE UL carrier or NR UL carrier. From RAN1 perspective, multiplexing of the UL signals in a single PUCCH format may cause a certain amount of specification impact. If the LTE UL carrier is used, NR UL signals received at LTE eNB need to be transferred to the NR gNB via X2 interface, and thus specification impacts on higher layer and architecture are expected. In addition, such a backhaul delay makes NR DL (re)transmission inefficient. In summary, this solution is not preferred.

[image: ]
Figure 1 – Multiplexing both UL signals in a single UL carrier

Alt. 2: Time-switching of UL signals (Fig. 2)
In this solution, LTE DL/UL signals are confined within LTE carrier while NR DL/UL signals are confined within NR carrier. For the LTE carrier, scheduling/HARQ timing in TDD can be reused. Or, DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell is applied to LTE FDD carrier so that all the LTE DL subframes can be used. For the NR carrier, as long as the LTE UL timing is known to NR gNB, simultaneous UL transmissions can be avoided since the timing of UL transmissions such as data and ACK/NACK can be flexibly adjusted by NR gNB (Fig. 3). In this solution, although there is some scheduling restriction on both DL reception and UL transmission, DL resource and UL resource can be fully utilized from UE perspective. Also, significant specification impact would not be expected in each WG.
Proposal 1: For a single UL transmission when multiple CCs are configured, time-switching of LTE UL signal and NR LTE signal on different frequency carriers is considered.
Proposal 2: For scheduling/HARQ timing of LTE carrier, DL-reference UL/DL configuration is reused.
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Figure 2 – Time-switching of UL signals.
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Figure 3 – Scheduling timing for time-switching of UL signals.

3. Need of subcarrier alignment between NR UL and LTE UL
For the NR-LTE co-existence in UL, at the RAN1#88bis meeting, in [5], the following alternatives were discussed
· Alt 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL
· Allow subcarrier alignment between NR UL (15 kHz) and LTE UL
· Alt 2: 7.5 kHz shift at baseband
· Alt 3: NR UL raster with a 7.5 kHz shift to the LTE UL raster
Considering the current targeting scenario discussed in RAN1 and RAN4, FDD bands are mainly targeted. At least for TDD band, Alt. 1 (Do nothing) is preferred in order to keep subcarrier alignment between NR DL and NR UL (considering the potential of dynamic TDD). For FDD band, impact of Alt. 1, i.e., subcarrier boundary is not aligned between LTE and NR, should be considered. The first issue will be performance degradation. The evaluation results are shown in Fig. 4. It is observed that performance degradation is not seen for MCS#18 while performance gap by about 2dB is seen for MCS#24 at BLER = 0.1. To avoid such degradation, GB will be needed between LTE and NR UL transmissions. NR uplink and LTE uplink would still coexist with a small amount of guard-band of several subcarriers. Another potential issue would be that single FFT can’t be used to demodulate both LTE and NR UL signals simultaneously. However, this is dependent on gNB implementation and in any case some implementation updates will be needed to newly support NR functionalities. 
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Figure 4 – BLER of PUSCH w and w/o subcarrier alignment.
Proposal 3: Advantages and disadvantages of not aligning subcarrier spacings between LTE uplink and NR uplink should be carefully investigated.
If the significant issue has been identified in Alt. 1, subcarrier alignment between NR uplink and LTE uplink, i.e., Alt. 2 and 3, can be considered. The main difference between Alt. 2 and 3 is where to consider half subcarrier shifting or which specification to take care of it, in RAN1 spec. or RAN4 spec. In that sense, Alt. 3 will be simpler in terms of specification and UE implementation. Another thing is the impact of the DC leakage on the UL demodulation performance as there may be performance impact of half subcarrier shifting on UL DC leakage. We note that Alt. 2 is the same as that for the current LTE uplink while Alt. 3 is assumed for NR uplink. Considering the specification impact, we have slight preference for Alt. 3 if Alt. 2 or Alt. 3 is needed. 
Proposal 4: If subcarrier alignment between NR uplink and LTE uplink is necessary, NR UL raster with a 7.5 kHz shift to the LTE UL raster is preferred.

4. Conclusion
In this contribution, we presented our views on LTE-NR co-existence. General principles and uplink aspects are addressed. Our proposals are summarized as follows:
[bookmark: _GoBack]Proposal 1: For a single UL transmission when multiple CCs are configured, time-switching of LTE UL signal and NR LTE signal on different frequency carriers is supported.
Proposal 2: For scheduling/HARQ timing of LTE carrier, DL-reference UL/DL configuration is reused.
Proposal 3: Advantages and disadvantages of not aligning subcarrier spacings between LTE uplink and NR uplink should be carefully investigated.
Proposal 4: If subcarrier alignment between NR uplink and LTE uplink is necessary, NR UL raster with a 7.5 kHz shift to the LTE UL raster is preferred.
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Annex

Table I – Evaluation assumption
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Carrier Freq.  2 GHz

Subcarrier spacing 15 kHz

System bandwidth 10 MHz

Num. of PRBs for each NR and LTE 6

Num. of OFDM symbols 14

Antenna configuration 1-by-2 ULA low correlation

RS configuration No RS

Num. of layer 1

MCS

MCS #18 (16QAM, coding rate: 0.481), 

#24 (64QAM, coding rate: 0.497)

Num. of rank 1

Channel model TDL-C, Long delay spread (DS = 300 ns)

Channel est. Ideal channel estimation

CFI 1

UE speed 3 km/h

Power amp No power amp

Guard band No guard band

Misalignment offset 7.5 kHz
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