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1 Introduction
At the RAN1 Ad Hoc meeting in Spokane, regarding uplink (UL) power control (PC) for NR MIMO, some agreements [1] were reached as follows:
· Pathloss measurement for UL power control to be based on at least one type of DL RS for beam measurement is supported.

· Notes: beam measurement RS includes CSI-RS, RS defined for mobility purpose, FFS: SS & DMRS

· FFS: on multiple type of RS 

· FFS: other DL RS

· FFS: Whether beam pair link and/or beam group and/or layer specific power control parameter set(s) includes [image: image2.png]


 and/or [image: image4.png]


.  

· Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS).

· Same gNB antenna port can be used for pathloss measurement for multiple process.

· FFS: Different gNB antenna ports can be used for pathloss measurement for each process

· NR supports power control for UE side multiple panel transmission

· FFS: specification impact to support multiple panel 

· FFS: waveform independent/dependent parameters for power control

In this contribution, we further discuss remaining open issues in detail on UL power control procedure based on the above agreements in NR including basic components such as pathloss (PL), beamforming and reference PC loop following the general discussions on PC in another companion contribution [2].
2 Discussion on key components of UL PC
LTE UL PC with fractional power control (FPC) has been agreed as a general framework for NR UL PC. The general formula of UE transmission power is
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in which open-loop part includes UE maximum power 
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, while closed-loop part includes power adjustment based on transmit format factor 
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. Based on this PC framework, we have further discussion on new considerations for NR UL PC.
2.1 Pathloss 
The agreement on DL RS based pathloss estimation for eMBB PUSCH can be regarded as one start point for pathloss estimation, which should be considered aiming to provide effective power compensations for all NR UL channel/signal transmissions during all states (e.g. IDLE and ACTIVE). So far, pathloss related issues need more discussions because at least the exact DL signal (e.g. channel/RS for DL RRM and/or beam management in [1]) for pathloss estimation is still an open issue. 
In LTE,
[image: image12.wmf]PL

is downlink pathloss estimated as 
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= referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is cell-specific and provided by higher layer signaling, and RSRP is always averaged with L3 filtering. This PL estimation mechanism with only these two specific items may be not suitable for all UL PC in NR where UE-specific and multi-beam design (especially for high frequency) may become the main trend. Firstly, channel/reference signal for DL PL estimation should be extended. On one hand, for some UEs without UE-specific configurations (e.g. IDLE and/or INACTIVE), pathloss estimation for UL PC compensation for some transmissions (e.g. PRACH) can only be derived from the cell-specific signal block (maybe “SS block” and/or PBCH related channel/reference signal). On the other hand, UE-specific configurations and operations aim to provide “UE-centric” serving target with UE-specific TRP and/or beam setting. Thus, effective DL PL estimation based on UE-specific reference signal may be also necessary because the potential difference of pathloss derived from between cell-specific signal block and UE-specific reference signal could be large. For example, pathloss derived from cell specific signal block with SFN transmission from multiple TRPs will be probably much less than the practical DL/UL pathloss for UE specific transmission/reception. This pathloss mismatch will result in poor UL reception performance. Thus, it’s reasonable to consider that DL pathloss estimation should be based on both cell-specific signal block and UE-specific reference signal for NR UL transmissions during different states. Secondly, definition of reception power of channel/signal for PL estimation should be extended. On one hand, cell-specific RSRP with L3 filtering should be reused for DL PL estimation based on cell-specific signal block and also maintained for inter-cell handover RRM measurement. On the other hand, L3 filtering should be as far as possible avoided for UE-specific configured measurements to facilitate the fast measurement update, then  L1/L2 filtering be defined for reception power of UE-specific reference signal and DL PL estimation. This similar mechanism can be also referred in another companion contribution [3].  Therefore we have the following two proposals as:
Proposal 1: Both cell-specific signal block based and UE-specific reference signal based pathloss estimations should be supported.
Proposal 2: L1/L2 filtering should be supported for UE-specific based pathloss estimations.
2.2 UL PC in beam based access
In NR, beamforming is usually required at both transmit and receive side, especially for high frequency scenarios, e.g. 28 GHz. This is illustrated in the following figure 1.
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Figure 1 Beamforming gain for DL and UL
For step 1, reference signal is transmitted from the gNB using a transmit signal power of 
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 and a transmit beamforming gain of 
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. The reference signal is measured at the UE side with a receive beamforming gain of 
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. With the estimated reference power of 
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, the path loss between the gNB and the UE can be estimated, given UE has the knowledge of 
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For step 2, data channel may be transmitted from the UE using a transmit signal power of 
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 and a transmit beamforming gain of 
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. The data transmission is received at the eNB side with a receive beamforming gain of 
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. Note that here for simplicity we assume the path loss be symmetric in the downlink reference measurement step (step 1) and the uplink data transmission step (step 2). It is the uplink transmit power 
[image: image24.wmf]2

t

P

 that is desired, as a result of the path loss estimation procedure.
Note that, the beamforming gain at the UE side during the above two steps, i.e. 
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, may be different. This may be captured by the UE itself because both values are known to, or can be estimated by, the UE already. On the other hand, the beamforming gain at the gNB side during the above two steps, i.e. 
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 may be different. This difference however is beyond the knowledge of the UE in consideration, and need be signaled to the UE in an implicit or explicit manner.
Due to the multi-beam operation, beamforming gain may vary between different beam pairs for UL/DL transmission. During one scheduled occasion for each UE, data/control channel may be always transmitted with one specific Tx-Rx beam pair (group). Then it’s more effective to adjust the UL transmission power with the beam-specific compensation components related to the corresponding beam pair (group). 
Generally, beamforming gain generally can be compensated with open loop part and closed loop part. On one hand, in LTE, static antenna gains including Tx and Rx are both totally reflected by the pathloss gain. Similarly, the analog beamforming based on phase shaping can also be regarded as one long-term antenna gain. These beamforming gains with long-term varying character can be reflected by pathloss 
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 or UE-specific nominal power 
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 setting and compensated with open-loop part. On the other hand, for cases with asymmetric UL/DL beamforming gain and/or beam pair switching procedure, effective UL compensation should aim to solve this beamforming gain fluctuation. Thus, the closed-loop part should be considered to indicate the power adjustment or reference beam pair information. On considering the beamforming impact, we have the following proposals:
Proposal 3: Beam (pair)-specific uplink power control should be supported.
Proposal 4: Difference of beamforming gain at the gNB side between the RS measurement step and data reception step should be captured. 
Proposal 5: Both open loop part and closed loop part for beamforming gain compensation should be supported.
2.3 Reference PC loop
As discussed in [2], state-specific (e.g. IDLE, INACTIVE and ACTIVE) power control setting should be considered for the different channel/signal’s transmission characters and/or requirements which can be shown by the following examples. Firstly, full and partial compensation factors for pathloss should be set for scheduled PUSCH and grant-free PUSCH respectively. Secondly, if previous discussions on pathloss estimation are supported, then different compensation pathloss also should be set for scheduled PUSCH and grant-free PUSCH respectively. Finally, UE-specific nominal power target Po also can be differently set for scheduled PUSCH and grant-free PUSCH respectively.
Though channel/signal specific uplink power control consideration ideally aims to provide the optimal performance gain, some common components (e.g. pathloss, compensation factor, etc.) of the first channel/signal also can be reused for the second channel/signal. This mechanism implies that the first channel/signal is the reference PC loop for the second channel/signal based on some similar transmission requirements and conditions. For example in LTE, same parts for Msg1 transmission are reused for PUSCH transmission of Msg3 and some parts for scheduled PUSCH are reused for SRS transmission. All reference PC loops for LTE are all defined for channel/signal of the same state (i.e. intra-state).
Thus the reference PC loop operation should be reserved and extended to some new channel/signal PC loops including grant-free PUSCH, UL transmission during INACTIVE state. For example, grant-free PUSCH may happen during IDLE/INACTIVE/ACTIVE states. On one hand, for grant-free PUSCH in IDLE/INACTIVE state, some PC compensation parts of PRACH transmission can be reused. Then PRACH can be regarded as the reference PC loop for grant-free PUSCH in IDLE/INACTIVE state. On the other hand, for grant-free PUSCH during ACTIVE state, some PC compensation parts of scheduled PUSCH transmission can be reused because some UE-specific context configured for ACTIVE state can be still maintained for INACTIVE state. Then scheduled PUSCH can be regarded as the reference PC loop for grant-free PUSCH in ACTIVE state (i.e. inter-state).
Proposal 6: Intra-state reference PC loop should be supported. 
Proposal 7: Inter-state reference PC loop should be supported.
3 Conclusion
In this contribution, further discussions on UL PC in NR were presented. We have the following proposals:
Proposal 1: Both cell-specific signal block based and UE-specific reference signal based pathloss estimations should be supported.

Proposal 2: L1/L2 filtering should be supported for UE-specific based pathloss estimations.
Proposal 3: Beam (pair)-specific uplink power control should be supported.

Proposal 4: Difference of beamforming gain at the gNB side between the RS measurement step and data reception step should be captured. 
Proposal 5: Both open loop part and closed loop part for beamforming gain compensation should be supported.
Proposal 6: Intra-state reference PC loop should be supported. 
Proposal 7: Inter-state reference PC loop should be supported.
References
[1] 3GPP RAN1 AdHoc, Chairman’s note, Spokane, 2017
[2] R1-1701687, "General discussion of UL power control for NR," Huawei, HiSilicon. 

[3] R1-1701714, “Discussion on downlink beam measurement and UE reporting procedure” , Huawei, HiSilicon

_1545506002.unknown

_1545506010.unknown

_1545506014.unknown

_1545506016.unknown

_1545506018.unknown

_1545506019.unknown

_1545506020.unknown

_1545506017.unknown

_1545506015.unknown

_1545506012.unknown

_1545506013.unknown

_1545506011.unknown

_1545506006.unknown

_1545506008.unknown

_1545506009.unknown

_1545506007.unknown

Gt1
Pt1
PL
Gr1
Pr1
Gr2
Pr2
PL
Gt2
Pt2



_1545506005.unknown

_1545506003.unknown

_1545505998.unknown

_1545506000.unknown

_1545506001.unknown

_1545505999.unknown

_1545505996.unknown

_1545505997.unknown

_1545505995.unknown

