3GPP TSG RAN WG1 Meeting #88bis
R1-1704228
Spokane, USA, 3rd – 7th April, 2017
Agenda Item:
8.1.2.5 
Source:
Huawei, HiSilicon
Title:
Detailed considerations on UL power control design for NR
Document for:
Discussion and decision 
1 Introduction
At several RAN1 meetings for Rel-14, regarding uplink (UL) power control (PC) for NR MIMO, some agreements [1]-[3] were reached as follows:
· NR supports beam specific power control as baseline.

· FFS details especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

· FFS whether to apply open loop only, closed loop only, or both

· 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

· 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

· Further study on:

· Power control for grant free PUSCH if supported

In addition, during RAN1 #88meetings, regarding DL RS for mobility, some agreements [1] were reached as follows:
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Measurement quantities for Nl beam (s)
· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)
In this contribution, we further discuss the open issues in details on UL power control procedures and parameters based on the above agreements in NR including all possible channel/RS common and/or specific parameter setting.
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,
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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 more important. Therefore, channel/reference signal for DL PL estimation should be extended. Firstly, for some UEs without UE-specific configurations (e.g. IDLE), pathloss estimation for UL PC compensation for some transmissions (e.g. PRACH) can only be derived from the mobility RS. Secondly, aiming to provide “UE-centric” serving target with UE-specific TRP and/or beam setting,  effective DL PL estimation based on UE-specific beam management reference signal (e.g. CSI-RS) may be also necessary because the potential derived pathloss difference between mobility RS and UE-specific beam management reference signal could be large. For example, pathloss derived from mobility RS for IDLE state 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 mobility RS and UE-specific beam management reference signal for NR UL transmissions during different states. Moreover, definition of reception power of channel/signal for PL estimation should be extended. On one hand, L3 filtering RSRP should be reused for DL PL estimation based on mobility RS also maintained for inter-cell handover RRM measurement. On the other hand, L3 filtering should be as far as possible avoided for intra-cell measurements to facilitate the beam specific measurement update. Then L1 RSRP for beam management based on UE-specific reference signal can be used for DL PL estimation. Therefore we have the following two proposals as:
Proposal 1: Both mobility RS based and UE-specific beam management reference signal based pathloss estimations should be supported.
· L1 RSRP based on UE-specific reference signal should be considered for pathloss estimation.
2.2 Beam specific PC loop
In NR, beamforming is usually required at both transmit and receive side, especially for high frequency scenarios, e.g. 28 GHz. As the antenna size can be significantly reduced in high frequency domain, UE is able to support multiple beam pair links (BPL) at the same (e.g. multi-panel case) or different time (e.g. beam switching). For example, in the multi-panel based UL transmission, beams from multiple antenna panels may have different power requirements depending on the signals, channels as well as the path distances towards to the TRPs, implying the beam specific power control loop for each antenna panel is in high demand. With respect to beam specific settings, TPC command can be designed to indicate the beam/antenna port ID and/or power adjustment as close-loop part. Subsequently, the parameters including 
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 for each be BPL can different as open-loop part. Moreover, regarding to the beams from different antenna panels, the power allocation mechanism over different panels at the UE side should be supported in a flexible way, where compromise may have to be made to meet the total power constraint of UE. For example, the maximum power constraint may be exceeded and necessary compromise may have to be made, which means power scaling of the transmissions and/or priority/dropping rules may be defined to support the flexible power allocation. Meanwhile, the impact of TA differences should also be taken into account. 
In addition, 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. The related beamforming gain is illustrated in the following examples and figure 1.

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 
[image: image23.wmf]2

t

G

. 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 
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 that is desired, as a result of the path loss estimation procedure.
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Figure 1 Beamforming gain for DL and UL
Proposal 2: Closed-loop part should be supported for flexible beam specific power control including BPL index and/or power adjustment
Proposal 3: Open-loop part should be supported for beam specific power control including at least one of 
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Proposal 4: Power scaling of the transmissions and/or priority/dropping rules should be supported for power control over beams from multiple panels in NR

Proposal 5: Difference of beamforming gain at the gNB side between the RS measurement step and data reception step should be considered. 

2.3 Common PC parameter settings 
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.) for multiple specific power control loops. 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. Thus common PC parameter setting should be reserved and extended for NR UL PC. For the first example, even for multiple beam specific PC loops, some cell-specific parameters (e.g. P0_norninal and/or 
[image: image29.wmf]a

) can be reused. For second example, grant-free PUSCH and grant-based PUSCH may have some common parameters including PL. Therefore, common PC parameter setting between multiple specific power loops should be supported.
Proposal 6: Common PC parameter setting between multiple specific power loops should be considered
2.4 Grant-free specific PC loop 
In LTE, PUSCH and DMRS have same PC loop because of the same frequency resource allocation. This mechanism can be reused for NR-PUSCH with the legacy design. However, there will be some NR-PUSCH with new characters (e.g. grant-free [1]). For example, DMRS for NR-PUSCH in URLLC scenarios with grant-free may have the identification capability which has one different detection requirement compared to legacy DMRS, Then the NR-PUSCH and related DMRS should have the different power control setting to increase the detection performance for DMRS.
Proposal 7: Grant-free specific power control 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 mobility RS based and UE-specific beam management reference signal based pathloss estimations should be supported.

· L1 RSRP based on UE-specific reference signal should be considered for pathloss estimation.

Proposal 2: Closed-loop part should be supported for flexible beam specific power control including BPL index and/or power adjustment
Proposal 3: Open-loop part should be supported for beam specific power control including at least one of 
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Proposal 4: Power scaling of the transmissions and/or priority/dropping rules should be supported for power control over beams from multiple panels in NR

Proposal 5: Difference of beamforming gain at the gNB side between the RS measurement step and data reception step should be considered. 

Proposal 6: Common PC parameter setting between multiple specific power loops should be considered
Proposal 7: Grant-free specific power control should be supported.
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