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1. Introduction
In RAN1 NR AH #3 meeting, the following agreements on UL Power Control have been achieved. [1]
Agreement:
For PL estimation, NR supports
1. At least higher layer filtered RSRP is supported for PL estimation based on configured CSI-RS and/or SS block
0. Note: Above includes the support for at least beam-specific RSRP measurement
0. FFS: Whether L1 RSRP is additionally supported
0. Note: Companies are encouraged to study the benefits of additionally using L1 RSRP for PL estimation
0. FFS: Details on the L3 filter in NR specification (including whether to define or not) should be discussed in the mobility session
Agreement:


· Support at least  Pcmax,c(i), MPUSCH,c(i), P0,c(j), αc(j), PLc(k), ΔTF,c(i) for NR PUSCH power control for serving cell c
· i is slot number
· j  is the index of open-loop parameter
· K is the index of RS resource(s) for pathloss measurement
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz
· MPUSCH,c is related to the scheduled BW, FFS on the details
· ΔTF,c is for single layer transmissions
· Support up to N closed-loop power control processes, i.e.,  fc(i,l), for NR PUSCH power control for serving cell c 
· N=2 is working assumption
· l is the index of closed-loop power control process
· FFS: reset trigger, e.g., parameter set reconfiguration and/or explicit signaling
· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling
· Note: Exact way to capture the details of the above proposal depends on the uplink beam management and the editor
Agreement:
· For PRACH/PUSCH/SRS on an SUL carrier associated with a NR DL/UL carrier, the range of the following values shall be sufficiently large to compensate the pathloss difference between the SUL carrier and the NR DL/UL carrier
· Received target power for PRACH power control,
· Po for PUCCH(if supported on SUL) power control, PUSCH power control, and SRS power control
· FFS maximum pathloss difference to be compensated
Agreement:
· For NR-PUSCH
· Accumulative TPC command mode is supported.
· FFS: when UE has to reset fc(i)
· FFS on KPUSCH
Working Assumption:
· For NR-PUSCH
· Absolute TPC command mode is supported.
· FFS on KPUSCH
In this contribution we provide some discussions on remaining details for UL power control framework for PUSCH, PUCCH and SRS for beam management.
2. Power Control for PUSCH
For PUSCH, there can be a group of SRS resources maintained between the gNB and UE. In different SRS resources, different gNB and/or UE beams can be used. Then the power control factors for each SRS resource could be different. In a SRS resource, the gNB should identify a CRI for the UE to measure the pathloss for uplink power control if CSI-RS is configured. Alternatively the gNB can identify a SS-block index for the UE to measure the pathloss. Before UE received the SRS resource configuration, the UE should use a SS-block to estimate the pathloss. Then the power control index j and path loss index k can be configured in each SRS resource, and the SRI can be used to indicate the power control index j and path loss index k.
For , which is used to indicate allocated bandwidth for PUSCH, it is better to be expressed as number of RBs in a reference numerology with regard to different numerologies may be used in different BWPs and the transmission power of each symbol should keep constant. It has been agreed that the PT-RS can be inserted in every symbol or every other symbol or every 4th symbol. Thus for the symbol with and without PT-RS, the same transmission power should be used. Then some power boosting of PT-RS may be necessary when number of PT-RS AP is above 1. 
In addition, since the CSI-RS can be used for pathloss estimation, the transmission power of each CSI-RS resource should be indicated. The transmission power can be expressed as a power offset between the CSI-RS resource and SSB.
Proposal 1: The open-loop power control index j and pathloss index k can be implicitly indicated by SRI.
Proposal 2: The parameter , which is used to indicate allocated bandwidth for PUSCH, should be expressed as number of RBs in a reference numerology, and the same transmission power should be used for each PUSCH symbols.
Proposal 3: The transmission power of each CSI-RS resource should be indicated in order for pathloss estimation.
3. Power control for SRS
When searching for a good gNB-UE beam pair by beam sweeping, the UE should use the same Tx power for each time instance or repetition of SRS. One possible way is to use the maximum transmit power. However this would increase the inter-cell interference and it would be challenging to multiplex multiple UEs in one SRS since some far UEs may not be received due to interference from near UEs. Therefore the power control for SRS should be necessary and it should be common for each repetitions. Then how to estimate the pathloss when determining the Tx power can be one issue. There can be the following options for pathloss estimation:
· Option 1: pathloss is calculated based on a particular SS-block or CSI-RS
· Option 2: pathloss is calculated based on averaging of a sub-set of beams from SS-block or CSI-RS
Both options can help the UE to calculate a common Tx power for SRS. For option 1, the gNB should identify one SS-block or CSI-RS for the UE to measure the pathloss. For option 2, the gNB can divided the beams into multiple sub-sets and configure the sub-set index. To reduce the control signalling overhead, one possible way is to use the cell level RSRP then the gNB does not need to use additional signalling for the UE to identify the DL RS for measurement. 
There can be another type of SRS which is used for link adaptation. Then different SRS resource can belong to different SRS resource groups. So the power control of SRS should be SRS resource group specific. The transmission power of SRS for a SRS resource group g at slot i and cell c can be calculated as follows:


where  indicates the bandwidth for SRS,  and  is configured per SRS resource group, and for link adaptation based SRS, it can be the same as PUSCH;  denotes the power control offset for SRS resource group g;  is the closed-loop power control factor for SRS resource group g.
Proposal 4: It should be supported that the transmission power of SRS at slot i and cell c for SRS resource group g should be calculated by:


4. Power Control for PUCCH
In NR, the duration of long PUCCH ranges from 4 up to 14 symbols and can change dynamically slot by slot. The change in the PUCCH duration is affected by configurations of other DL/UL physical channels and signals within the corresponding slot. Transmission power of a PUCCH should be determined so as to meet reliability requirement for the UCI carried on the PUCCH, and at the same time to not cause unnecessarily large UL interference to neighboring cells. For a given transmission power, the total transmission power over PUCCH duration increases or decreases according to the number of symbols carrying the PUCCH. The difference in the total transmission power becomes significant with a big change in the PUCCH duration. In these regards, it seems necessary to adjust the transmission power of the long PUCCH as a function of the number of DFT-s-OFDM symbols carrying the PUCCH such that the total transmission power is kept to a target value.


For instance, long PUCCH for 1~2 bits HARQ-ACK can be power controlled as given below. For simpler notation, an index for beamforming applied to the PUCCH is omitted in representing the parameters such as DL pathloss estimate  and power control adjustment state.

 [dBm].






In the above equation,  adjusts the transmission power in accordance to the long PUCCH duration. represents the number of DFT-s-OFDM symbols carrying the PUCCH, varying in range of 4, 5, …, 13, 14, and  can be set to 4 corresponding to the minimum PUCCH duration.  is set to m for the subcarrier spacing  kHz of the corresponding PUCCH in slot i. This parameter is to compensate for the reduction in the PUCCH duration with an increase in the subcarrier spacing. Larger subcarrier spacing results in an increase in the transmission power to keep the same total transmission power regardless of the subcarrier spacing.  should apply to the power control equation for PUSCH as well. All the other parameters follow the definitions in LTE PUCCH power control equations specified in 3GPP TS 36.213.
Proposal 5: Transmission power of long PUCCH should be adjustable depending on the PUCCH duration. 
Proposal 6: Transmission power of PUCCH and PUSCH should be adjustable as a function of the subcarrier spacing.
5. Conclusions
In this contribution we have provided our views on uplink power control for NR. From the discussion, we have achieved the following proposals.
Proposal 1: The open-loop power control index j and pathloss index k can be implicitly indicated by SRI.
[bookmark: _GoBack]Proposal 2: The parameter , which is used to indicate allocated bandwidth for PUSCH, should be expressed as number of RBs in a reference numerology, and the same transmission power should be used for each PUSCH symbols.
Proposal 3: The transmission power of each CSI-RS resource should be indicated in order for pathloss estimation.
Proposal 4: It should be supported that the transmission power of SRS at slot i and cell c for SRS resource group g should be calculated by:

Proposal 5: Transmission power of long PUCCH should be adjustable depending on the PUCCH duration. 
Proposal 6: Transmission power of PUCCH and PUSCH should be adjustable as a function of the subcarrier spacing.
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