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[bookmark: DocumentFor]Introduction
[bookmark: _Ref178064866]In RAN1#88bis, UL power control is discussed for the LTE-NR UL sharing only scenario and the following conclusion was agreed [1]:
· Study further at least the following issues when UL carrier in one frequency range and DL NR carrier in a different frequency range:
o	Potential timing offset due to differences in channel delay profiles between UL and DL
o	Pathloss difference between UL and DL (it is assumed that DL is used by a UE to measure the pathloss)
In this contribution, we give some consideration on UPL for uplink sharing. 
Discussion
Discussion on PathLoss Difference between UL and DL
This discussion is based on the scenario as fig.1 shows. In this scenario, LTE UL and NR UL are coexisting on the bandwidth of an LTE FDD component carrier (around 1.8GHz), and NR DL transmission is on 3.5GHz. 


Figure 1 LTE-NR UL sharing scenario
The LTE-NR shared UL carrier frequency and the NR dedicated carrier frequency are located on different frequencies. And the pathloss between UL and DL of NR will be different from each other due to the following factors
· The frequency gap between NR downlink and shared UL uplink is very large.
· TX antenna and RX antenna have different location and different configuration (such as the number of antennas, antenna gain,).
One example of the LTE-NR UL sharing schemes is shown in fig.2 (F3 is the LTE DL frequency paired with 1.8GHz and can be found in Table 5.5-1 of TS 36.101). Different frequencies have different channel fading characteristics. Besides, the frequency distance between 3.5GHz and 1.8GHz is too large. The pathloss measurement based on the signals which are transmitted on NR downlink (e.g. 3.5GHz) is not applicable to LTE-NR shared UL(e.g. 1.8GHz). Then the pathloss of the shared 1.8G is not available to the NR UE, resulting in the difficulty of the UL power control.
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Figure 2 NR DL carrier and UL shared carrier
In the process of network deployment, antenna derrick can bear limited weight. Besides, the antenna derrick may have no spots available for NR antennas. The existing 1.8G antennas and the 3.5G NR antennas are most likely placed as fig.3 shows. We can see from fig.4 that the NR antenna transmission angle Θ1 and LTE antenna transmission angle Θ2 is different. And different antenna arrays have different radiation patterns as shown in fig.5. Therefore, it will have different antenna gains. Furthermore, the difference of angles will be rapid changed when UE moves. Therefore, the pathloss difference between UL and DL vary greatly.
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Figure 3 the possible deployment of NR mMIMO and LTE MIMO 


Figure 4 the antenna transmission angles of NR antenna and LTE antenna
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Figure 5 the radiation patterns of different antenna arrays
Observation 1: The pathloss between NR downlink and LTE-NR shared UL is different and vary greatly as UE moves in LTE-NR UL sharing scenario.
Consideration on UL Power Control Enhancement

The setting of the UE Transmit power for the physical uplink shared channel (PUSCH) transmission in subframe i is defined by[2]

 [dBm]

represents pathloss measured in downlink. For the TDD system, the difference between UL and DL can be regarded as zero. While in FDD system, it is a fixed offset value. These two schemes are not suitable for LTE-NR UL sharing scenario for its pathloss between NR downlink and LTE-NR shared UL is different and varys greatly as UE moves. It can’t be represented by 0 or a fixed offset value. 
Through the above discussion, it needs more accurate pathloss for the UL power control enhancement for uplink sharing scenario. 
[bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK1]Proposal 2: The pathloss offset between NR downlink and LTE-NR shared UL needs to be dynamically compensated..
Conclusion
Based on the discussion in section 2 the followings observations and proposals are proposed:
Observation 1: The pathloss between NR downlink and LTE-NR shared UL is different and vary greatly as UE moves in LTE-NR UL sharing scenario.
Proposal: The pathloss offset between NR downlink and LTE-NR shared UL needs to be dynamically compensated.
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