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In RAN1#86bis, the following agreement was made regarding power control:
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1 Introduction

One of the main targets NR is to give better support for larger antenna arrays and higher order MU-MIMO, e.g. one target is to support up to 256 TX-chains on the BS. One big benefit of using MU-MIMO is that we can be more flexible in the number of scheduled users where each user can be assigned a large bandwidth while coscheduling other users. The implication is that in MU-MIMO for the DL one of the important resources is the transmit power. 
In the uplink we have a somewhat different problem where a large number of users can be assigned the same UL resource. In the UL case the DMRS and channel estimation becomes an important consideration. In case of analogue beam-forming the effective number of digital receiver chains can be quite low and LTE like solutions for this case was agreed for further study in RAN1#86bis. In case of MU-MIMO with a large number of digital receiver/transmit chains the situation could be different and will be discussed in this paper. Another consideration for NR is also when having power limited users, the power control setting for other users become critical in order to maintain UL channel estimation performance.
2 Discussion

In LTE the DL has typically transmitted at full power and not used any power control and the UL has used fractional path loss compensation. This UL power control has worked well and hence there are not big reasons not to use this as a base-line assumption in NR. But the power control can need adjustments for the MU-MIMO case with large number of digital transceiver chains but also to take UE UL beam-forming into account. 
Observation 1 LTE UL-power control works well but needs adjustments to take into account digital DL-beamforming and UL-beamforming.

To facilitate an open-loop path-gain estimation at the UE side an DL-RS signal is needed. Due to the lean design assumption the DL-RS should not be assumed to be an always on signal if this can be avoided. Clearly it cannot always be avoided, i.e. random access, but for all scheduled transmissions an UE configured DL-RS can be used.

Observation 2 All scheduled transmissions in NR can use a UE configured DL-RS signals such as CSI-RS for power control.

Observation 3 A UE configured signal DL-RS used for open-loop path-gain estimation can be shared among a set of UEs, e.g. all UEs in the same beam.

There are a number of options in the UE TX-beamforming, for example, some reciprocity assumption or network controlled through pre-coder configuration. Different UL beam-former choices will lead to different UL-power settings for the same receiver power spectral density. For example, SRS can be needed to get both beam-formed and non-beam-formed channel measurements, while we need to achieve the same receiver power spectral density due to coexistence with other SRS transmissions.

Observation 4 A UE could need to maintain a UL beam-forming gain estimate and adjust UL power settings accordingly.

In the UL with multiple TX/RX chains there is an asymmetry between the DL beam-forming gain and the UL receiver gain, but even more so there can be a big difference between the antenna gain seen by the channel estimation. This is because the channel estimation is done per RX chain and thus does not see the full receiver beam-forming gain. Hence this asymmetry between the effective gain values can make the channel estimation loss significant in the UL.
Observation 5 UL-power can need fast adjustments to maintain good channel estimation quality due to asymmetries in the beam-forming gains in different steps in the RX chain and between TX and RX gain.
We noted in the introduction that power limited users can need extra protection, and also this is true for Critical services were other users can need to limit the used power. Another option is to blank other users, but this is typically best avoided as this waste resources.

Observation 6 Critical and power limited users can need protection by enabling UL-power back-off for interfering users in MU-MIMO.

Hence these observations lead to some adjustments needed for UL power control:

Proposal 1
Use LTE power control for PUSCH with a UE configured DL-RS for path-gain estimation.
Proposal 2
Investigate adding a term compensating for UL beam-forming gain.
Proposal 3
Improve closed loop power control to be able to do faster UL-power adjustments needed due to the larger uncertainty due to beam-forming gain variations. This should also enable fast adaptation to protect power-limited and critical service UEs.


Further we also will discuss the DL as there are some important considerations that should be investigated in this case also. One of the benefits with always using DMRS based demodulation is that power density can be changed per TTI. This is also likely to happen in MU-MIMO scenarios where power density increases/decreases when the number of co-scheduled user vary. 
Hence the NR UEs need to support different power level in adjacent transmissions. 
Observation 7 In NR DL-power can vary between adjacent transmissions unknown to the UE.
From a theoretical point of view power control can be used to maximize spectral efficiency, e.g. water-filling techniques. Also power control can be used for fairness optimization, e.g. max-min fairness power control that maximizes the performance of the worst user. The choice of power control is therefore strongly influenced by scenario, traffic load and service requirements. This implies that from a standardization point of view, downlink power control will evolve as more services and use cases are implemented in NR systems. Hence from a future compatibility point of view as little restrictions as possible on DL power control is a good base-line assumption.
Observation 8 Power control dependent on scenarios and service requirements, which implies that for future compatibility no restrictions should be assumed on the DL power control.

From this discussion and observations, we therefore propose for DL power control:
Proposal 4
UE receiver should not assume that two adjacent data transmissions in time in DL use the same power.

Proposal 5
As a base-line assume that the base-station can freely set the power density per DMRS-based transmission and each UE.


3 Conclusion

In this paper it is observed that there is need for important differences in NR with relation to UL power control.

Observation 9 LTE UL-power control works well but needs adjustments to take into account digital DL-beamforming and UL-beamforming.

Observation 10 All scheduled transmissions in NR can use an UE configured DL-RS signals such as CSI-RS for power control.

Observation 11 An UE configured signal DL-RS used for open-loop path-gain estimation can be shared among a set of UEs, e.g. all UEs in the same beam.

Observation 12 An UE could need to maintain a beam-forming gain estimate and adjust UL power setting accordingly.

Observation 13 UL-power can need fast adjustments to maintain good channel estimation quality due to asymmetries in the beam-forming gains in different steps in the RX chain and between TX and RX gain.

Observation 14 Critical and power limited users can need protection by enabling UL-power back-off for interfering users in MU-MIMO.

Hence these observations and discussion leads to the following proposals for UL power control:

Proposal 1
Use LTE power control for PUSCH with a UE configured DL-RS for path-gain estimation.
Proposal 2
Investigate adding a term compensating for UL beam-forming gain.
Proposal 3
Improve closed loop power control to be able to do faster UL-power adjustments needed due to the larger uncertainty due to beam-forming gain variations. This should also enable fast adaptation to protect power-limited and critical service UEs.


Further we also will discuss the DL power control in NR and made the following observations:

Observation 15 In NR DL-power can vary between adjacent transmissions unknown to the UE.

Observation 16 Power control dependent on scenarios and service requirements, which implies that for future compatibility no restrictions should be assumed on the DL power control.

From the discussion and observations, we therefore propose for DL power control:
Proposal 4
The UE receiver should not assume that two adjacent data transmissions in time in DL use the same power.
Proposal 5
As a base-line assume that the base-station can freely set the power density per DMRS-based transmission and each UE.


4 Appendix

Agreements:


The following aspects should be considered for UL PC design:


No LTE-like cell-specific reference signal for path loss estimate


Beam-based transmissions/receptions


Analog beamforming at eNB/UE


Multi-beam / multi-stream transmissions 


Multiple numerologies 


Inter-TRP information exchange


FFS: Dynamic TDD


Other aspects are not precluded


The following design of UL PC as starting point for study:


Fractional power control in LTE as framework


DL RS for path loss measurement 


e.g. RS in DL beam management P-1, P-2 and P-3 for multi-beam scenario or single-beam scenario


Separate PC settings for UL control and data channel


FFS: the following design of UL PC


Numerology-specific parameter setting


Separate PC settings for multi-beam / multi-stream UL
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