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1	Introduction
Recently LTE-NR uplink sharing has been discussed in the scope of LTE-NR coexistence, where an NR uplink shares the same frequency resources as an LTE uplink, provided that LTE and NR base stations are collocated [1] [2]. Furthermore some specific band combinations for LTE uplink and NR downlink were proposed, e.g., band 28 (700MHz) LTE uplink and C-band (3.5GHz) NR downlink [3].
In this document, we discuss some potential issues with LTE-NR uplink sharing, and propose that 3GPP may consider such deployment only after these issues and challenges are fully addressed and enough overall benefits are justified.
2	Discussion
2.1	Overview
One of fundamental principles in cellular networks is the balanced uplink and downlink coverage. This is required by the bi-directional nature of telecommunications:
· Most services provided by cellular networks are bi-directional, e.g., voice call, video conference etc.
· The data transmission service provided by cellular networks is guaranteed with certain quality measures. And this is ensured by transmission in one direction and acknowledgement in the other direction from technical prospective.
This requires that uplink and downlink coverage need to be carefully calculated and designed by considering practical situation and implementation impairment etc. In any wireless cellular communication system, in order to make sure that a UE can successfully receive the signal transmitted from the base station, while at the same time, the base station can successfully receive the signal transmitted from the UE. Differences between the transceivers at BS and UE side and frequencies for both downlink and uplink should be taken into account:
· BS side:
· Higher transmit power
· Shared by multiple UEs
· Shared by necessary common downlink channels
· Multiple antennas
· Higher transmit antenna gain
· Higher receive antenna gain
· Higher minimum guaranteed downlink data rate
· UE side
· Lower transmit power
· Less antennas
· Lower minimum guaranteed uplink data rate
· Downlink and uplink frequencies
· In TDD, downlink and uplink have the same frequency 
· In FDD, the frequency of downlink is chosen in the same band as uplink, therefore the statistical properties of path-loss are similar for both downlink and uplink as shown in Table 4.1 in [8]
Table – 4.1 [8] Simulation frequencies for FDD mode E-UTRA frequency bands
	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]E-UTRA Band
	UL frequencies (MHz)
	DL frequencies (MHz)
	Simulation frequency
(MHz)
	Path loss difference (dB)

	
	lowest
	highest
	lowest
	highest
	
	lowest UL frequency
	highest DL frequency

	1
	1920
	1980
	2110
	2170
	2000
	0.37
	0.74

	2
	1850
	1910
	1930
	1990
	2000
	0.71
	0.05

	3
	1710
	1785
	1805
	1880
	2000
	1.43
	0.56

	4
	1710
	1755
	2110
	2155
	2000
	1.43
	0.68

	5
	824
	849
	869
	894
	900
	0.80
	0.06

	6
	830
	840
	875
	885
	900
	0.74
	0.15

	7
	2500
	2570
	2620
	2690
	2000
	2.04
	2.70

	8
	880
	915
	925
	960
	900
	0.20
	0.59

	9
	1749.9
	1784.9
	1844.9
	1879.9
	2000
	1.22
	0.56

	10
	1710
	1770
	2110
	2170
	2000
	1.43
	0.74

	11
	1427.9
	1452.9
	1475.9
	1500.9
	2000
	3.07
	2.62



Therefore we may ensure balanced downlink and uplink coverage by designing a balanced link budget for downlink and uplink because of their similar large scale statistical properties of radio propagation. 
As one example, Figure 1 shows the downlink and uplink coverage in LTE for different scenarios [4], and similar observations for different systems can also be found in [5][6].
[image: ]
Figure 1. LTE coverage for different scenarios [4]
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2.2	Unbalanced uplink and downlink coverage in LTE-NR uplink sharing
In LTE-NR uplink sharing, NR uplink is carried on an LTE uplink of much lower frequency than that of NR downlink. It means that for the same maximum allowed pathloss in downlink and uplink, the achieved downlink and uplink coverage could differ a lot due to the different attenuation as shown in Figure 2, which shows the coverage against maximum allowed pathloss according to the macro rural model specified in TR36.942 [8].

[image: ]
Figure 2. Coverage vs maximum allowed pathloss
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Figure 3. Unbalanced uplink and downlink coverage in LTE-NR uplink sharing
Consequently this may lead to an inherent issue that the NR uplink coverage is not balanced with NR downlink coverage, as illustrated in Figure 3. In Figure 3, for UE #1 which is located within the LTE uplink coverage but not in NR downlink coverage, even it can transmit NR uplink signal via LTE uplink frequency and base station can successfully receive the signal, but the UE cannot receive NR downlink signal correctly, therefore LTE-NR uplink sharing is not feasible. Only UEs within both LTE uplink coverage and NR downlink coverage can operate LTE-NR uplink sharing, e.g., UE #2 in the figure. So the claim is actually not valid that LTE-NR uplink sharing can enhance NR uplink coverage.
Furthermore, if the band combination of LTE uplink and NR downlink is dynamically configurable and flexible, it becomes very complicated for the network planning and operation, and we can anticipate the huge potential challenges. The inherent issue and the challenges should be addressed.

2.3	Standardization consideration
Since NR is also OFDM based as that in LTE in spite that new numerologies aligned with LTE can be supported in NR, the co-existence between LTE and NR is actually not a co-existence issue between two different RATs, therefore operations supported by the current specifications may be applied and extended to NR by treating NR as an LTE carrier.
So for the scenario discussed above where only UEs located in both LTE uplink and NR downlink coverage can operate LTE-NR uplink sharing, there are also other options, which are illustrated in Figure 4. In LTE-NR uplink sharing shown in Figure 4(a), NR uplink shares the same LTE uplink band F1, and two downlinks running at LTE downlink band F3 and NR downlink band F2. Figure 4(b) shows another option of dual connectivity, in which two radio bearers are carried by NR F2 in TDD and LTE F1/F3 in FDD.
In the case of Option 1 (Fig. 4a), the multiplexing between NR and LTE in an LTE uplink subframe would be FDM, since most of LTE uplink physical channels span over an entire subframe and are confined in frequency (instead of the entire system bandwidth). Even with LTE SRS, its power spectral density is typically low when spanning over large bandwidth, and it occupies only the last SC-OFDM symbol. Hence, it can coexist with NR uplink in FDM manner, without significantly losing the performance. The choice is up to the scheduler and it can be transparent to UE. From standardization prospective further enhancement can be added only if the sufficient overall benefits are justified [7].

(a) Option 1: LTE-NR uplink sharing

(b) Option 2: Dual connectivity

Figure 4. Different options for the UE located both in LTE uplink and NR downlink coverage

3	Conclusion
This document provides our main technical concerns and views on LTE-NR uplink sharing. Technically the big differences between LTE uplink frequency and NR downlink frequency in LTE-NR uplink sharing may lead to an inherent issue of unbalanced uplink and downlink coverage, thus bring huge complexity and challenges on the network planning and operation. In addition, due to the same nature of OFDM based modulation in NR, the co-existence between LTE and NR can be treated as if they were the same RAT and thus be covered under the current framework from specification prospective. Further enhancement can be considered only after its overall benefits can be justified.
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