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1. Background and introduction
In the RAN1 #90 meetings, a few agreements have been achieved in power control.

Agreements:

· For open-loop power control parameters for PUSCH for a UE, 

· gNB configures one or multiple P0 values 

· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)

· gNB can configure one or multiple alpha values

· FFS the case of closed-loop power control 

· FFS how to handle reconfiguration of open-loop power control parameters for PUSCH for a UE, e.g., reset or not reset closed-loop power control
In this contribution, we provide our views on the framework of power control, especially on multiple set of power control settings, close loop PC and PC of SRS.

2. Discussion 
2.1. Discussion on power control framework
NR are designed to full-fill multiple traffic requirements, e.g. URLLC and eMBB, and also have to adapt to different configurations, such as different waveforms, numerologies, durations and etc. Multiple set of power control settings should be considered to deal with those different situations.
URLLC has the most stringent requirements, high reliability and shortest latency. And in some occasions, the URLLC traffic could be delivered without any grant. The transmit power in uplink not only have to compensate the propagation loss, but also have to confront the interference which is difficult to estimate. Thus, it seems more suitable to use an aggressive PC strategy for URLLC. Consequently, at least one specific set of PC settings should be defined for URLLC. 
As we discussed in the previous meeting [1], the Po for URLLC traffic could set a higher value to increase the one shot success rate. And the rest parameters such as alpha, TPC command fi, and the delta_TF could also be different from eMBB. A specific PC setting for URLLC could help handle the urgent service request and grant free transmission more properly.
Proposal 1:
At least one set of power control settings should be defined for URLLC. The Po of URLLC PC settings could be different from those of eMBB.
For eMBB, since one or multiple panels could be equipped with UEs, equal numbers of PC settings could be defined. For lower frequency, only one panel or omni-directional antenna will be used in the terminals. There is no need to define multiple PC settings. But in the high frequency, a UE could have 2 or 4 panels facing different directions. For each panel, the propagation paths could be significantly different. Separated power control settings according to different panels could solve this problem. The transmit power of different beams within one panel should share the same set of PC settings, while the serving TRP is the same.
Proposal 2:
Besides defining a PC setting for URLLC, multiple PC settings for eMBB should be defined for multiple UE transmit panels.
Since multiple PC settings are configured, each UE panel should maintain one power control procedures. Each PC settings should follow the associated TRP’s instruction, e.g. Po, alpha. Once the panels within one UE are connected to one TRP, the panels could share a same set of PC settings. But the TPC command fi may not be the same since the propagation environments may be different with the other panel.
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Figure 1 Examples of 2 UE panels with 2 set of PC settings.
Alpha in LTE fractional PC is used for interference reduction. Since LTE use an omni-direction antenna, the interference to other cells will be effectively reduced when fractional pathloss compensation is enabled. 
In NR low frequency, this effect is still the same. But for the high frequency, UE has a high probability to use a directional transmission. The interference is directional. And only the neighbor cell on the interference direction will suffer from the interference. The interference depression effect of alpha may be reduced.

Observation 1:
The interference depression effect of alpha for high frequency seems lower than that of low frequency. More studies or evaluations are needed.
2.2. Close loop of power control
The target of close loop power control is to fine tune the transmit power according to the interference and fast fading to meet the target SINR, BLER or adapt to the coding of a specific UCI. Since the PUCCH and PUSCH may experience different interference situation, and the transmission format for the two channels are different. The TPC command for control and traffic channels should be separated.
Proposal 3:
Separated close loop power control or TPC commands should be used for PUSCH and PUCCH.
The beam specific pathloss has been agreed in the #89 meeting. The UE transmit power should change according to the estimated PL, which includes the beam forming gains. When the DL Tx beams or UL Rx beams changes, the UE should change the transmit power according to the different beam direction. Since the beam specific pathloss could compensate the propagation loss well, there is no need to use a different TPC loop when the beam is switched.

And the margin between target performances and open loop power control has been compensated well during the previous transmission. The accumulated TPC could be reused or work as a starting point for the next beam. This could shorten the convergence loops when compared with restarting a new close loop control procedure. More performance gains can be achieved through reusing the accumulated TPC in the previous beams. Besides that maintaining multiple accumulated TPC for multiple BPL will increase the burden of UE. And in some cases that the UE may not reuse the previous BPLs, then the maintaining multiple TPCs for multiple beams is not economical. 
Proposal 4:
Reuse the previous accumulated TPC, when the UL Rx beams has been switched. 
When the beams at BS side have to switch frequently, the accumulated TPC should be disabled to prevent that the power control become non convergent. 
2.3. PC of SRS
At least 2 usages have be observed for SRS, one is for CSI acquisition, the other is to facilitate the beam Management. 
For the SRS of CSI acquisition, the SRS should have a similar power level or in proportion to PUSCH. This could prevent the over or under estimation of channel conditions. For the CSI acquisition SRS, the power control could be based on beam specific PL on top of LTE equations.
· P_SRS = P_ol + P_cl(i)
· P_ol = P_srs_offset+10*log10(M_srs)+P_o_pusch(j)+[PL_beam_specific *alpha(j)]
· P_cl(i) = f(i)
For SRS of beam management, the transmitting power should be constant when it sweep to different directions, which will facilitate the received power comparison at BS side. At least 3 options could be considered for PC of SRS for beam management 
Option 0: use the UE maximum power for uplink beam management. If the uplink sweeping is a usual behaviour, this option will cause not only larger energy consumption but also more inter-cell interference. 
Option 1: reuse the power of SRS for CSI. During the uplink sweeping, the transmit power keep constant. This is the simplest way for SRS sweeping power control. But the improvement for beam management is limited. Only beams for current serving cell could be well managed, since the power is limited by considering only the pathloss to the current serving TRP. 
Option 2: allocate a higher transmit power than option 1 to facilitate the multi-TRP beam management. The increased power could help more cells or TRPs observe the UE. And more coordinated work could be done base on the SRS sweeping. There are two ways to realize this work. The first one is to introduce a larger pathloss, which maybe a candidate serving cell. The second one is to introduce a higher offset between PUSCH and constant power SRS.
Proposal 5 :
The power control of SRS for beam management should be differnt from SRS for CSI. A higher power for SRS could facilitate the beam management among TRPs.
3. Conclusion
In this contribution, we provide our views on the framework of power control, especially on multiple set of power control settings, close loop PC and PC of SRS.
Observation 1:
The interference depression effect of alpha for high frequency seems lower than that of low frequency. More studies or evaluations are needed.
Proposal 1:
At least one set of power control settings should be defined for URLLC. The Po of URLLC PC settings could be different from those of eMBB.
Proposal 2:
Besides defining a PC setting for URLLC, multiple PC settings for eMBB should be defined for multiple UE transmit panels.
Proposal 3:
Separated close loop power control or TPC commands should be used for PUSCH and PUCCH.
Proposal 4:
Reuse the previous accumulated TPC, when the UL Rx beams has been switched. 
Proposal 5 :
The power control of SRS for beam management should be differnt from SRS for CSI. A higher power for SRS could facilitate the beam management among TRPs.
References
[1] R1-1713852, ‘Discussion on NR power control and sharing’, TSG RAN WG1 Meeting #90,CMCC
[image: image2.png]


[image: image3.jpg]



1/4

_1566591344.vsd

