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1. Background and introduction
In the last RAN1 meetings, several agreements and working assumptions has been reached for UL power control [1], such as,

Agreement:
Support the following PUSCH power control in NR:
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…
Working Assumption:
· Support Pcmax,c(i), P0_PUCCH(F), PLc(k), g(i) for NR PUCCH power control in slot i for serving cell c.
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But there still are some issues for the interference in UL should be solved. In this contribution, we provide our views on beam specific power control in UL, especially on the beam specific interference compensations.
2. Discussion
2.1. Beam specific interference in UL transmission
Multi-beam transmission is introduced to compensate the propagation loss of high frequency. In uplink transmission, gNB will use narrow beam for receiving in uplink transmission.  And UE will also use beam formed transmission. Due to narrow beam at the gNB receiver, the interference may not the same when the RX beam points different directions. If the direction of interference is not the same as the RX beam direction, the interference will be low. Otherwise, the interference may be very high. On the other side, the TX beam forming at UE side will make the interference imbalance more serious. This is very different from case in low frequency without any directional receiving. In low frequency, the interference will be more even, since the sectorized antennas are used in Base Stations. And the UE uses omni-directional antenna, the interference will be transmitted and received in all directions. 

[image: image2.emf]Interference UE

Interference UE

Serving UE


Figure 1 Illustration for uplink transmission

This directional receiving at gNB and the more directional transmission at UE side will introduce different interference level when the RX beam changes, as illustrated in the figure below. Also some contributions [2] have also mentioned the same issue.
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Figure 2 Illustration of interference level at different RX beam

RAN1 has achieved the agreements to introduce the beam specific pathloss in UL PC. But the different interference level from multiple RX beams has not been solved. In that circumstance, the close loop PC will try to adjust the transmission power to satisfy the target SINR. According to the results in [2], the interference margin from different directions may various from 0-15dB. And current TPC procedure may not tracking the change easily. It may happen that the TPC is trying to adjust the transmission power while the beam is switching. But while TPC is not convergent, the RX beam may changes again. Also it not realistic to allocate a TPC procedure for each RX beam. 
Observation 1:

The interference level at different RX beams will be distinct, and this may induce unnecessary adjustments in TPC.

To avoid the situation mentioned above, a beam specific interference compensation component could be introduced. In this case, the close loop PC procedure only compensates the fluctuation of fast fading and do not compensate the interference. 
Proposal 1:
Beam specific interference compensation should be introduced in UL PC.

2.2. Interference compensations in UL PC

Using the PUSCH PC formula as an example, 
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The interference compensation component could be added explicitly or implicitly with other current existed components. 
For the explicit expression, an additional component, offsetindex(i), could be added.
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                                         (1)
The offsetindex(i) represents the interference compensation component for specific beam. The index represents the beam index.
Implicit expression could be as follows,
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                                          (4)
The interference compensation will be combined with other components, such as deltaTF and/or TPC command component f(i). The footnotes of ‘index’ represent that, the deltaTF and TPC command will be varied considering different interference level in specific RX beam. 
When the interference compensation component is combined with TPC command, the TPC steps could use a larger steps, such as {-5,0,5,10}.
The interference level updates of multiple RX beams could be sent in semi-static way, such as in RRC signaling. And the specific interference level which will be used in the next transmission could be determined according to the scheduling messages, which is in a more dynamic way. The interference level could be based on long term statistic at gNB side.
Proposal 2: 
An implicit or explicit component for beam specific interference compensation should be introduced in the UL PC function. Function (1) or (2) or (3) or (4) are proposed to be specified. 
3. Conclusion
In this contribution, we provide our views on beam specific power control in UL especially for beam specific interference compensation.

Observation 1:

The interference level at different RX beams will be distinct, and this may induce unnecessary adjustments in TPC.
Proposal 1:
Beam specific interference compensation should be introduced in UL PC.

Proposal 2: 

An implicit or explicit component for beam specific interference compensation should be introduced in the UL PC function. Function (1) or (2) or (3) or (4) are proposed to be specified
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