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1	Introduction
During RAN1 #85 meeting, following agreements were made on NR UL MIMO [1].
Agreements:
· The following techniques are studied for NR UL MIMO
· Uplink transmission/reception schemes for data channels
· Non reciprocity based UL MIMO (e.g. PMI based) 
· Reciprocity based UL MIMO. E.g. UE derives precoder based on downlink RS measurement (including partial reciprocity)
· Support of MU-MIMO
· Open-loop/Close-loop single/Multi point spatial multiplexing
· e.g. for multi point SM, multi layer is received either jointly or independently by different TRPs
· Note: for multi point SM, multiple point may have coordination
· Single/Multi panel spatial diversity
· Uplink antenna/panel switching (UE side)
· UL beamforming management for analog implementation
· Combination of above techniques
· UL RS design considering the below functions
· Sounding
· Demodulation
· Phase noise compensation
· UL transmit power/timing advance control in the context of UL MIMO
· Transmission scheme(s) for carrying UL control information
· Other UL MIMO and related techniques are not precluded
In RAN1 #86 meeting, enhanced power control in NR was also discussed in several contributions [2-4]. In this contribution, we discuss UL power control in UL MIMO, where large beamforming gain fluctuation may exist and the interference situation may be changed by directional beamforming. In detail, the challenges of existing power control mechanism and some principles for enhanced power control mechanism are discussed.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]2 Challenges of UL power control in UL MIMO
The 5G new radio is expected to operate in various carrier frequencies, ranging from 700 MHz to above 70 GHz. To circumvent pathloss problems at higher carrier frequencies, i.e. > 6GHz, the efficient usage of highly directional transmission and reception with the aid of beamforming can be seen as a primary technology component at both BS and UE sides [5-8]. With the increase of antenna number, the maximum beamforming gain will also increase and it will play an important role for the uplink quality. Thus, uplink quality is more linked with actual achieved beamforming gain in NR UL MIMO, including both transmit and receive beamforming gain. In the following cases, we give the explanation in detail that the beamforming gain and/or actual transmit beam are changed by UE movement. It will give challenges of UL power control on account of wide dynamic range and high change rate of uplink quality.
2.1 	Case 1
As shown in Fig.1, the beamforming gain will change under different UE positions, when UE moves in and between beams. On account of large beamforming gain at the beam center, there is a large change of link quality when UE moves to the edge of the beam. Thus, the dynamic range of link quality is large. In this case, it is required for uplink power control mechanism to keep up with the range of uplink quality, especially for high speed movement.
Observation 1: Dynamic range are wider for UL quality on account of large beamforming gain.


Fig.1 Scenario with UE movement in the beam
2.2 	Case 2
For UE, it is easier to make rotation because of small size and light weight. The uplink beam can be changed more frequently with UE’s rotation. As shown in Fig.2, the rotation with change of posture will have large impact of beam direction. It will cause large change for uplink beamforming gain in short time.


Fig.2 Scenario with fast change of uplink beam by UE rotation
In heterogeneous network, the transmit power of points may be different. As shown in Fig.3, high power point transmit with 46dBm and low power point transmits only with 30dBm. When UE makes movement, the receiving point may change from the point with high transmit power to the point with low transmit power. Then, the transmit beam and corresponding beamforming gain will be changed suddenly.


Fig.3 Scenario with fast change of uplink beam by change of receiving point
For the scenarios in Fig.2 and Fig.3, uplink quality can change fast because of beam switching. In this case, it is required for uplink power control mechanism to keep up with the change rate of uplink quality.
Observation 2: Uplink beamforming gain can change fast on account of change for UE posture and receiving point.
Proposal 1: UL power control mechanism should adapt to wide dynamic range and fast change by beamforming gain.
2.3   Case 3
When beamforming is used at UE side, the beam pattern will be different due to reasons such as the supported antenna number, etc. With diverse transmission beam pattern for UEs, the interference to neighbouring cell will be different. If the beam at UE side is narrower, its interference to neighbouring cell will be small. If omni antenna is used or the beam at UE side is wider, its interference to neighbouring cell will be large. Therefore it is required for uplink power control mechanism to consider the beamforming pattern at UE side. 
Observation 3: The impact of beamforming pattern in UE on inter-cell interference will be different.
3 Discussion on UL power control enhancement
For LTE system, the elaborate power control mechanism is made [9]. The general formula of UE transmission power is shown as follows:

 [dBm]









where is the configured maximal allowed transmit power; is the allocated uplink PRB number; is nomial power composed of a cell specific parameter and a UE specific parameter; is downlink pathloss estimated in the UE in dB and = referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layer signalling; is a cell specific pathloss compensation factor to achieve balance between cell average and cell edge throughput; provides baseline transmit power for open loop power control part; is a compensation item related with PUSCH transmit format, e.g. MCS; is power adjustment derived from transmit power control (TPC) field of dynamic signalling.
In [10], [11] an alternate approach to uplink power control is presented where the interference generated by the UE to neighboring co-channel deployed cells are explicitly taken into account as follows:

Here, PMIN is the minimum per RB transmit power of the UE, and PL’ is the pathloss (in dB) of the UE to its dominant interferer which can be derived from its neighbour cell RSRP measurements. 



In principle, power control can be composed of open loop power control part and close loop power control part. For open loop control part, the desired link quality is guaranteed by setting appropriate baseline transmit power on account of pathloss. For close loop power control part, finer power adjustment is used for one specific transmission on account of channel and interference condition. Generally, to guarantee the reliable and effective control for uplink power, compensating the large and fast change of beamforming gain can be considered in open loop part and/or close loop part. For open loop part, and can be considered to reflect the beamforming gain. For close loop part, can be used to adjust transmit power to compensate the change of beamforming gain.
Proposal 2: Open loop and close loop adjustment can be considered for compensating the change of beamforming gain.
For PUCCH, the reliability and robustness of performance is considered with first priority. The robust uplink beamforming scheme can be used. For PUSCH, the high transmit efficiency can be considered. The accurate beamforming scheme can be used to achieve high beamforming gain. Since different beamforming scheme can be used for PUCCH and PUSCH on account of different design aims, separate power control scheme can be used for PUSCH and PUCCH to compensate the change of beamforming gain. 
Proposal 3: Separate power control scheme can used for PUSCH and PUCCH on account of different beamforming schemes.



For uplink power control, the pathloss is partial or fully compensated. The pathloss is measured based on downlink reference signal measurement, where cell specific CRS is used. Thus, only the cell specific beamforming gain can be implicitly included in pathloss measurement. For massive MIMO system, the transmit beam may be different for UEs and the transmit beam for one UE also may be changed as shown in previous section. Pathloss measurement based on common reference signal cannot guarantee the accuracy for all UEs. Therefore, the beam specific RSRP measurement can be introduced to track the change of beamforming gain linked with transmit and receive beam. It can provide necessary information for accurate power control in case of fast beam switching. For example, the beam reference signal can be used for beam specific RSRP measurement. Then, the fast uplink power control mechanism can be used to track the fast change of beamforming gain. It can be realized by dynamic signaling in many possible solutions. One straight forward scheme is merging the change of beamforming gain into. The value and range of will be further considered by introducing the change of beamforming gain. Another direct scheme can be indicating used beam specific RSRP, where the actual beamforming gain is included in this used RSRP for computing. The dynamic signaling overhead is related with monitored RSRP number for uplink power control. For the interference-aware power control schemes proposed in [10], [11], a similar method should be used to take the beamforming gain into account while computing the pathloss PL’ to neighbour cells.
Proposal 4: Beam specific RSRP measurement can be introduced and fast uplink power control mechanism is used to track the fast change of beamforming gain. 


In LTE system, the and   work together in open loop power control to set a coarse operating point for the transmission PSD considering the tradeoff between the received power and the interference to other cells. In 5G, with different transmission beam pattern in UE, the interference to neighbouring cell will be different. In addition, the measured pathloss value can implicitly reflect the position to the serving BS and the neighbouring BS as in LTE system. However, beamforming techniques are supported in 5G system. If pathloss is measured based on beamformed reference signal, this pathloss value cannot simply indicate the position of the UE in the cell because the beamforming gain is included in the pathloss measurement. For example, two users have the same result for beamformed pathloss based on beam specific RSRP measurement. One user has larger beamforming gain and larger pathloss. Another user has smaller beamforming gain and smaller pathloss. Yet, the interference to neighbouring cell is different due to different UE’s position in the cell. Therefore, the enhanced power control scheme should be studied to achieve a good tradeoff between cell average throughput and cell edge throughput. . 
Proposal 5: An enhanced power control scheme is needed to achieve a good tradeoff between cell average throughput and cell edge throughput.
4	Conclusion
Based on above discussion. We also make the following proposals and observations:
Observation 1: Dynamic range are wider for UL quality on account of large beamforming gain.
Observation 2: Uplink beamforming gain can change fast on account of change for UE posture and receiving point.
Observation 3: The impact of beamforming pattern in UE on inter-cell interference will be different.
Proposal 1: UL power control mechanism should adapt to wide dynamic range and fast change by beamforming gain.
Proposal 2: Open loop and close loop adjustment can be considered for compensating the change of beamforming gain.
Proposal 3: Separate power control scheme can used for PUSCH and PUCCH on account of different beamforming schemes
Proposal 4: Beam specific RSRP measurement can be introduced and fast uplink power control mechanism is used to track the fast change of beamforming gain.
Proposal 5: An enhanced power control scheme is needed to achieve a good tradeoff between cell average throughput and cell edge throughput.
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