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Introduction
In the approved Rel-15 NR WID [1], the objectiveness relating to NR-LTE coexistence is described as: 
-	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
When it comes to a specific instance of NR-LTE coexistence, the UL sharing in LTE band with separate NR dedicated DL in much higher frequency band leads to quite some new issues and concerns. Following up the coupling loss analysis in [3], this contribution shows the further study of the UL UPT within UL NR-LTE coexistence, as well as the technical considerations on 7.5kHz frequency shift and DL/UL pathloss differentiation in UL power control. 
General discussions on UL NR-LTE coexistence
RAN4 agreed the following band combinations for the specific kind of NR deployment in Rel-15, where the lower frequency band is in LTE-FDD band and the higher frequency band is NR-TDD dedicated band:
· 1710-1785MHz (UL)/3.3-4.2 GHz(DL&UL) 
· 832-862MHz (UL)/3.3-4.2 GHz(DL&UL) 
· 880-915MHz (UL)/3.3-4.2 GHz(DL&UL) 
· 703-748MHz (UL)/3.3-4.2 GHz(DL&UL)
The following two reasons are claimed to support these band combinations: 
· Better NR UL coverage in lower frequency band than in higher frequency band;
· Efficient resource utilization in LTE-FDD band in case LTE UL has lower traffic load than LTE DL. 
Nevertheless, both reasons need further justification. 
· For the first reason, as pointed out in [3], the NR deployment with both DL and UL in NR-TDD dedicated band can provide sufficient coverage and acceptable UPT in both DL and UL, with either static UL/DL resource partition or flexible duplexing with cross-link interference mitigation.
· For the second reason, to assign the unused LTE UL resources to NR UL could be a saving on one hand, but on the other hand brings a potential limitation to the available resources on NR UL, which can lead to a mismatch with NR DL/UL traffic volumes/ratio given the NR DL on a dedicated NR carrier can have a bandwidth much larger than 20MHz (the largest bandwidth of shared UL for NR). This equivalently means a potential performance limitation on NR UL. 
With the reasons to back up the UL sharing remain questionable, the performance benefits with the UL sharing comparing to other deployment cases were also not well studied in RAN1. In order to provide more knowledge about this specific deployment, the evaluation results regarding to UL UPT in two deployment cases, LTE-NR DC and UL sharing as listed in Table 1, are given in Table 2. The simulation assumptions are given in Appendix A. The results in Table 2 show quite limited UPT gain on UL for UL sharing, which is due to the fact that NR has in general the shorter TTI length than LTE. 
Table-1 Evaluation cases
	[bookmark: _Ref481507980]Deployment cases
	Carrier frequency
	System bandwidth

	Case 1: LTE-NR DC
	3.5GHz (NR) + 900MHz (LTE)
	40MHz at 3.5GHz;
5MHz at 900MHz

	Case 2: UL sharing
	3.5GHz (NR) + 900MHz (NR)
	40MHz at 3.5GHz;
5MHz at 900MHz


Note 1: CC at 3.5GHz is TDD with DL:UL=5:5, CC at 900MHz is FDD UL.
Note 2: There is no LTE-only UE on 900MHz CC. 
Table-2 UL UPT comparisons
	Deployment cases
	5%-tile
	50%-tile
	95%-tile
	Average

	Case 1: LTE-NR DC
	7.525
	111.240
	208.557
	115.094

	Case 2: UL sharing
	7.991
	118.590
	209.607
	117.088


Observation 1: Under the same band combination, the UL UPT gain of UL sharing comparing to LTE-NR DC is very limited.
Some technical issues for NR-LTE coexistence on UL
Misalignment of NR/LTE UL subcarriers
The LTE UL OFDM baseband signal generation contains a 7.5kHz subcarrier shift, which is not agreed so far for NR UL. In case the NR UL and LTE UL coexist in a same component carrier, three alternatives are provided in RAN1 #88bis: 
· Alt 1: Do nothing to 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
Our simulation results shown in Figure 1 indicate that, 
· For a low MCS such as QPSK ½ and zero guard PRB between RATs, the performance with 7.5kHz subcarrier misalignment is almost the same as single RAT (i.e., full alignment of subcarriers) if the receiving powers for LTE UE and NR UE remains roughly the same, and can lose less than 1dB comparing to single RAT if receiving power of one RAT is 10dB stronger than the other. Because 10dB receiving power difference is the extremely instantaneous event in case of close-loop power control, the results can well support that Alt-1 can work for low MCS with almost no performance degradation.  
· For a high MCS such as 64QAM ½, no guard PRB leads to about 0.5dB performance degradation if the receiving powers for LTE UE and NR UE remains roughly the same, and can lose about 4dB comparing to single RAT if receiving power of one RAT is 10dB stronger than the other. This large performance loss can be well eliminated if 1 PRB is provided as the guard band between two RATs. 
The above simulation results mean that, in case LTE UL with 7.5kHz shift and NR UL without 7.5kHz shift coexist in the same subframe, no guard RB is needed as long as the scheduler assigns low MCS to the NR/LTE allocation adjacent to different RAT and high MCS to the allocation only next to the same RAT. As mentioned earlier, one of motivations and assumptions to have NR UL signal in LTE UL subframe is that the LTE UL is light-loaded, which means the low MCS is very likely the case for LTE UL. As a safe protection solution, adding one PRB as the guard band between allocations for different RATs would significantly reduce, if not fully eliminate, the impacts of imbalanced receiving powers.  
Therefore, compared with other two options, Alt 1 listed above, which echoes the conclusion of NR SI, is a better choice. The inter-subcarrier interference between NR and LTE uplink transmissions can be avoided jointly by the MCS and guard band provided by scheduler, or avoided by arranging LTE UL and NR UL in different subframes.
Proposal 1: To adopt Alt-1 (do nothing) for NR/LTE subcarrier alignment. 
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[bookmark: _Ref481585800]Figure 1 BLER performance for Alt 1 with various guard PRB sizes
Uplink power control
In current LTE specification, the UL open-loop power control relies on the estimation of downlink pathloss, which depends on the assumption that the DL pathloss and UL pathloss are somehow correlated and are not differentiated too much. Any residue differentiation is corrected by the close-loop power control. This assumption may not be valid anymore if frequency separation is too large between DL and UL, and/or the antenna gains are too different between DL and UL, both of which are possible for the NR-LTE UL coexistence combined with a NR dedicated DL on a much higher frequency. However, our view is to discuss this issue together with other UL power control issues in a RAN1 agenda dedicated for UL power control, based on the following reasons:  
· This power control issue has nothing to do with the coexistence between LTE UL signal and NR UL signal, and can occur even for the exclusive NR deployment with no LTE signal getting involved. 
· The antenna-dependent pathloss difference between DL and UL would be also relating to the beam based power control, which will be discussed in a different RAN1 agenda from NR-LTE coexistence. 
· 


Depending on whether the RAN1 agenda dedicated to UL power control agrees NR UL power control follows the similar power control common formulation in LTE, i.e., , the pathloss difference between DL and UL maybe already covered by the parameter configurability of {, }.  
Proposal 2: To discuss the DL/UL pathloss differentiation issue with other UL power control issues in a RAN1 agenda dedicated for UL power control. 
Resource sharing between NR and LTE on UL
With the assistance of mini-slot structure, RAN1 acknowledged that the DL resource sharing between NR and LTE can be realized by dynamic scheduling and semi-static resource reservation in the framework of forward compatibility. The same principle and mechanisms can apply to UL as well if NR UL and LTE UL share the same subframe. 
· For the LTE UL signals (such as PUCCH, SRS and PRACH) whose transmissions are confined within the configurable or fixed resource areas, the configured resources for these UL signals can be marked as reserved resources in NR system. 
· For the other LTE UL signals (such as PUSCH), the resource sharing with NR UL signals can rely on both resource reservation and dynamic scheduling.  
Besides, NR UL and LTE UL can be distributed by scheduling to different subframes if needed. 
Proposal 3: To rely on the dynamic scheduling and semi-static resource reservation for forward compatibility to support the resource sharing between NR and LTE on UL. 
Adjacent channel coexistence in TDD
For adjacent channel coexistence in TDD, one of the main concerns is cross-link interference between LTE CC and NR CC. The cross link interference is also being discussed in RAN1 agenda of duplex flexibility. To ensure LTE-NR adjacent channel/band coexistence, NR slot structure can be configured in a manner such that the direction of transmission is aligned with the LTE network in a periodicity of the DL/UL configuration(s). The conclusions on group-common PDCCH can be used to configure the patterns of the DL/UL transmission directions on the NR CC.
Conclusion
This contribution concludes with following observations and proposals: 
Observation 1: Under the same band combination, the UL UPT gain of UL sharing comparing to LTE-NR DC is very limited.
Proposal 1: To adopt Alt-1 (do nothing) for NR/LTE subcarrier alignment. 
Proposal 2: To discuss the DL/UL pathloss differentiation issue with other UL power control issues in a RAN1 agenda dedicated for UL power control. 
Proposal 3: To rely on the dynamic scheduling and semi-static resource reservation for forward compatibility to support the resource sharing between NR and LTE on UL. 
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Appendix A. Simulation assumptions
	Carrier frequency 
	900MHz
	3.5GHz

	Layout for nodes
	Single layer:
 Macro layer: Hex. Grid

	Inter-BS distance
	Macro-to-macro: 500m

	Minimum BS-UE (2D) distance
	Macro-to-UE: 35m [TR36.897]

	System bandwidth
	5M
	40M

	Number of carriers
	1

	BS TX power
	49 dBm

	UE TX power 
	23 dBm 

	Channel model
	·  Macro-to-UE: 3D UMa 
· Macro-to-Macro: 3D UMa (h_UE=25m)

	BS antenna
	 (M,N,P,Mg,Ng)=(1,1,2,1,1) 
	(M,N,P,Mg,Ng)=(8,8,2,1,1) (dH,dV)=(0.5,0.8)λ

	BS antenna height: 
	Macro: 25m
Micro: 10m 

	UE antenna
	Omni; 1Tx, 2Rx

	UE antenna height
	hUT=3(nfl-1)+1.5
nfl for outdoor UEs: 1
nfl for indoor UEs: nfl~uniform(1,Nfl) where Nfl~uniform(4,8) 

	BS antenna element gain
	5dBi

	Antenna gain of UE
	0 dBi

	UE distribution
	10 users per sector

	Cell selection criteria
	Cell selection is based on RSRP

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	Traffic model 
	FTP traffic model 3 with packet size 0.5Mbytes
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