3GPP TSG RAN WG1 Meeting NR#3					          	           R1-1716127
Nagoya, Japan, 18th – 21st, September 2017

Agenda item:		6.7.1
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Nokia Shanghai Bell 
Title:	Discussion on NR power control framework
Document for:		Discussion and Decision
[bookmark: _GoBack]1 Introduction
During RAN1 NR #90 meeting, the following agreements were made on NR UL power control [1].
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
Agreements:
· PL calculation can be based on periodic CSI-RS if configured at least for the following cases:
· PUSCH
· SRS 
· PUCCH 
Agreements:
· It is up to RAN4 to discuss how to support any power back-off needed for CP-OFDM transmission compared with DFT-S-OFDM transmission
· E.g., specification of fixed power back-off, specification of power back-off as MPR
[bookmark: _Hlk492475997]Agreements:
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)
In this contribution, we further discuss NR power control framework based on available conclusions, which includes the discussion on beam specific power control, numerology specific power control and waveform specific power control. The configuration parameter for power control are considered based on different beams, numerologies. This contribution is revised from contribution R1-1714362.
2 [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion on beam specific power control
According to agreement in RAN1 #88bis meeting, NR defines beam specific open & closed loop parameters for beam specific power control. For the measurement/configuration/control of power control, it is “beam specific”. There are many explanations, such as: beam pair specific, Tx beam specific, Rx beam specific etc. If beamforming gain is just considered at one side, the link quality can not be accurately estimated because of unawareness of beamforming at the other side. It will have impact on the accuracy of power control. Thus, we believe it should be beam pair specific power control, which means both the transmit beam and receive beam are considered together for the measurement/configuration/control of power control.
Proposal 1: Beam pair specific power control are supported in 5G NR.
For path loss calculation for uplink power control, three kinds of RS can be used, which include SSS, CSI-RS and DM-RS in case with information of power offset relative to SSS. For these RS, same or different beams can be used for their transmission according to actual application scenario and configuration. The related measurement results, e.g. RSRP can be used to obtain one or multiple beam specific pathloss. For each pathloss used uplink power control, the UE behavior needs being specified for how to determine pathloss including which and how RS(s) are used for determining beam specific pathloss. In RAN1 #90 meeting, it is agreed that periodic CSI-RS if configured can be used for PUSCH/PUCCH/SRS PL calculation on account of accurate RSRP measurement result. As a straight forward scheme, one RS can be used for one beam specific pathloss measurement. According to application case, different RS can be used. If RSRP for the same beam pair is obtained by multiple RS, the combination for RSRP from multiple RS will increase the measurement accuracy to some extent. But the necessity should be clarified on account of increased complexity. Therefore, one RS for one specific beam pathloss measurement can serve as a start point for discussion. In RAN1 #90 meeting, SS block only, CSI-RS only and SS block + CSI-RS based L1 RSRP is agreed to be reported for beam management. Currently both L1 and L3 RSRP are available to power control. Since L3 RSRP is used for uplink power control in LTE system, L3 RSRP can serve as a start point for discussion. Although L1 RSRP can provide more instant and accurate measurement result, the robustness of power control should be further discussed. 
Proposal 2: Only one RS for one beam specific pathloss measurement is assumed as a start point for discussion.
Proposal 3: Only L3 RSRP is used for pathloss computation.
In RAN1 NR Ad-Hoc #2 meeting, it is agreed that PUSCH and PUCCH rely on independent closed loop power control commands from gNB. Next, the other power control parameters between PUSCH and PUCCH are discussed in the following. Generally, the Po for PUCCH and PUSCH can be independent because of different performance requirement, which is also used in LTE system. Full power compensation can be used for PUCCH for the robust performance requirement. To make accurate power control, the actual beamforming gain should be considered in the pathloss measurement. On account of performance requirement for PUCCH, the robust transmission scheme, e.g. diversity scheme, may be used. Then, the transmission beams may be different for PUCCH and PUSCH. In some cases, the beam pair for PUCCH can be associated with that for PDCCH on account of channel reciprocity and robust performance requirement for uplink/downlink control channel. Pathloss measurement for different beams may be used for PUCCH and PUSCH. As the reference signal for pathloss measurement, CSI-RS can be used for PUSCH on account of accurate measurement for specific beam and SSS can be used for PUCCH on account of accurate measurement for robust transmission.
Proposal 4: Pathloss for PUSCH/PUCCH are not restricted to be measured from the same RS.. 
In LTE power control formula, Po, alpha, pathloss are used for open loop parameter and TPC command is used for close loop parameter. In 5G NR, both the open-loop power control based on pathloss estimate and closed-loop power control are supported. When beam common parameters are discussed, multiple scenarios supported by layer/layer-group/panel specific/beam group specific/beam pair link specific power control need to be considered together, such as single/multiple panel at gNB and/or UE’s side, homogeneous or heterogeneous network. In RAN1 #90 meeting, it is agreed that gNB configures one or multiple Po and alpha values for open-loop power control parameters for PUSCH. Thus, there is one corresponding parameter set and pathloss measurement result for each beam pair. For close loop part, TPC command can be also beam specific to support flexible power control for different beams, especially in distributed TRP scenario. UE can determine uplink transmit power according to the following formula:


where k is power control parameter set index linked with beam pair index. Fig.1 gives an example to illustrate using dynamic signaling to indicate the selected power control parameter set.


Fig.1 Example of dynamic signaling to select power control parameter set


When there is no channel reciprocity, it may be not accurate to simply use downlink pathloss measurement results for uplink power control. In this case, one straight forward scheme is merging the change of beamforming gain into. UE can be configured with one power control parameter set, which is linked with one specific beam, e.g. wide beam used for SSS transmission. If the current range of can not keep track of the change of beamforming gain, additional signaling can used to compensate the power change considering possible difference of beamforming gain for candidate beams.
Proposal 5: Dynamic signaling is used for selecting uplink power control parameter set.
In RAN1 NR Ad-Hoc #2 meeting, it is agreed that PUSCH and at least some type(s) of SRS can share the same closed loop power control command from gNB [2]. Currently, there are two kinds of SRS. One kind of SRS is used for CSI acquisition and another kind of SRS is used for beam management. For SRS for CSI acquisition, one or multiple candidate beam(s) are selected based on beam management results. Thus, some parameters including both open loop part and close part can be shared by SRS and PUSCH if the same pair is used for their link. Beam specific power control parameters for SRS needs being selected according to actual beam used for transmission. For the beam specific power control parameters, they can be in line with conclusions from power control for PUSCH. At least, they include beam specific pathloss. For offset value between PUSCH and SRS, it can be beam specific if the scenario with different receiving points needs being optimized. For beam management SRS, it is used for beam selection for multiple candidate and thus just some candidate beams can be selected to use for PUSCH transmission. To guarantee the fair measurement for different beams, the same transmit power is used for a round of SRS transmission for all candidate beams. Thus, the same power control configuration parameter set is used for SRS transmission with all the candidate beams, which can be configured by gNB.
Proposal 6: The same power control parameter set, e.g. Po, alpha, pathloss, TPC, is shared between PUSCH and SRS for CSI acquisition with the same beam pair.
Proposal 7: One common power control parameter set configured by gNB is used for uplink power control of bema management SRS transmission for all candidate beams.
In addition to beam specific power control, the beam specific PHR reporting should also be considered to be aligned with the beam specific power control [3]. In NR system, both transmit and receive beam can be flexibly changed according to network requirement and actual channel transmission condition. For some UEs, it is possible to have multiple potential beam candidates, and the sub-optimum gNB receive beam instead of the best beam has to be selected to guarantee multiplexing with other UEs. The multiple potential beam candidates possibly need both different levels of power control and also different levels of PHR. The gNB should derive the PHR for multiple potential beams/beam pairs for beam selection among the beam candidates thus providing the flexibility for scheduling. For the beam specific PHR calculation of the actual transmission, the beam specific transmission power should be used. For the beam without actual transmissions of PUSCHs, the PHR can be virtual PHR as in LTE. For all the beams for PHR report including the beams with and without actual transmission, whether only type 1 PHR or both type 1 PHR and type 2 PHR should be reported based on the configuration of the PUCCH (e.g. with/without PUCCH, short PUCCH or long PUCCH etc.). In addition, the beam(s)/beam pair(s) for one UE may be changed due to the movement and rotation of UE or the blockage. The beam management procedures will refine and adjust the potential beams/beam pairs continuously. With the new potential beam(s)/beam pair(s), the PHR beam set will be updated and PHR may be triggered and reported.
[bookmark: _Hlk490234420]Proposal 8: The beam specific PHR reporting should be considered and multiple PH value for multiple potential beam candidates should be derived by the gNB. 
3 Discussion on numerology specific power control
Supporting multiple numerologies is discussed in RAN1 to support diversified NR usage scenarios and use cases. RAN2 also has discussion on the impact on MAC with different numerologies and agreed that “The gNB should have means to control which logical channels the UE may map to which numerology and/or TTIs with variable duration”, e.g. the logical channel for URLLC service is mapped on numerology 1 and the logical channel for eMBB service is mapped on numerology 2. Due to different QoS (e.g BLER) requirement of the different service (i.e. mapped logical channels), the numerology specific power control will have different SINR targets considering the logical channel mapped on it, which is different from CA in LTE. The CC specific power control only considers the different operation conditions of each CC e.g. different frequency bands or different interference scenarios. In addition, there is also the case that different services (e.g. URLLC and eMBB) are on the same numerology with the different target SINR, how to set the power for this case also need to be studied.  RAN1 should discuss numerology specific power control scheme with consideration together of the mapping relationship between logical channels and numerologies.
Proposal 9: RAN1 should discuss numerology specific power control scheme with consideration together of the mapping relationship between logical channels and numerologies．
On account of different requirement for different numerologies target for different service, both open loop and close loop parameters can be considered for the power adjustment for different numerologies. For open loop power control part, separate parameters, e.g. Po, alpha, can be used for different numerologies. For close loop part, the TPC command can be also used for power adjustment for different numerologies. As a start point for discussion, the power control scheme with TPC adjustment based on LTE power control scheme can be used. If it can not meet requirement of power control by different numerologies, enhanced schemes can be considered.
Proposal 10: TPC adjustment based on LTE power control scheme is assumed as a start point for discussion of numerology specific power control.
5 Conclusion
Based on above discussion. We also make the following proposals:
Proposal 1: Beam pair specific power control are supported in 5G NR.
Proposal 2: Only one RS for one beam specific pathloss measurement is assumed as a start point for discussion.
Proposal 3: Only L3 RSRP is used for pathloss computation.
Proposal 4 Pathloss for PUSCH/PUCCH are not restricted to be measured from the same RS..
Proposal 5: Dynamic signaling is used for selecting uplink power control parameter set.
Proposal 6: The same power control parameter set, e.g. Po, alpha, pathloss, TPC, is shared between PUSCH and SRS for CSI acquisition with the same beam pair.
Proposal 7: One common power control parameter set configured by gNB is used for uplink power control of bema management SRS transmission for all candidate beams.
Proposal 8: The beam specific PHR reporting should be considered and multiple PH value for multiple potential beam candidates should be derived by the gNB. 
Proposal 9: RAN1 should discuss numerology specific power control scheme with consideration together of the mapping relationship between logical channels and numerologies．
Proposal 10: TPC adjustment based on LTE power control scheme is assumed as a start point for discussion of numerology specific power control.
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