3GPP TSG RAN WG1 NR Ad Hoc Meeting		R1-1710586
Qingdao, China, 27th – 30th June 2017

Source: 	Intel Corporation
Title:	PUSCH and PUCCH Power Control 
Agenda item:	    5.1.9.2
Document for:	Discussion and Decision

1. Introduction
In RAN1 #89 meeting, the following agreements on UL Power Control have been achieved. [1]
· Support beam specific pathloss for ULPC
· The following DL RS can be used for PL calculation for UL PC 
· If the power offset between SSS and DM-RS for PBCH is known by the UE, both SSS and DM-RS for PBCH of SS block
· If the power offset between SSS and DM-RS for PBCH is not known by the UE, SSS only of SS block
· CSI-RS;
· FFS: the applicable case for above DL RSs; if both are used, whether/how to combine/handle the measurement

In RAN1 #88bis meeting, the following agreements on UL power control have been achieved. [2] 
· For beam specific power control, NR defines beam specific open & closed loop parameters. 
· FFS: details on beam common parameter(s)
· Note: Agreed on RAN1 #88 FFS details on “beam specific”, especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control
· gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms.
· FFS: offset configured/specified, reported, 
· FFS on the details of power control parameters for example, P_c, Max or other open/closed loop parameter
In this contribution we provide some discussions on UL power control operation for PUCCH and PUSCH as well as some UL beam management reference signal.
2. Discussion
2.1 Power Control for PUSCH
For the multi-beam operation, the analog beamforming may be utilized in both TRP and UE side. Different beamforming gain can be observed from different uplink Beam Pair Links (BPLs). With the increase of number of antenna elements, the beam could be narrow and the maximum beamforming gain could increase. In [3] the C.D.F. of beam energy difference between the best beam and other beams has been shown, which is also given in Figure A-1, where  and  denotes the beam energy in the jth highest energy beam. It can be observed that the beam energy could change if a new beam is used to receive the uplink signal. To use the second best beam to receive the uplink signal, up to 15 dB beam energy change can be observed from the C.D.F. curve of . Therefore, considering potential beam energy fluctuation due to a change in TRP or UE beams, it may be necessary for the UE to maintain multiple pathloss values corresponding to the respective beams.
As the direction of each TRP Rx beams are different, the interference observed in each TRP beams can be different. In [3], the C.D.F. of IoT has been given, which is also shown in Figure A-2 in appendix. Hence if the target SINR is taken into account to decide the power control factor P0, as the IoT may be different in each beam, the beam specific P0 may be necessary. Thus different P0 values can be configured to the respective beams in order to reflect different IoT levels. 
Proposal 1: the open-loop power control factor P0 should be BPL specific.
In a closed-loop power control system, the uplink receiver at the gNB need to compare the received power with the desired P0 target value for each Rx beam. When the received power is below the P0 target, a signalling is transmitted to inform the UE to increase the transmission power. Otherwise, a signalling is transmitted to inform the UE to decrease the transmission power. Such closed-loop signalling can be a specific value (i.e., offset) to inform how much power should be increased or decreased. Due to signalling overhead limit, it is not easy to directly adjust the power to be the proper Tx power at one time. So, the accumulative method should be used when the UE is scheduled with consecutive transmission from one beam pair link.  However, if the beam pair link is not intended to be used for continuous transmission but needed to be switched to another beam pair link to blockage or release some simulation limitation, it is better to disable the accumulation. Therefore whether the accumulation is enabled should be BPL specific.
Proposal 2: the closed-loop power control factors whether the accumulation is enabled should be BPL specific.
   It has been agreed that the UE has to support both CP-OFDM and DFT-s-OFDM waveforms. The DFT-s-OFDM can improve link budget especially for coverage limited UEs. On the other hand, CP-OFDM waveform can enable the gNB receiver to adopt some advanced algorithms, e.g., ML detection, and this can lead to lower target SNR or SINR for CP-OFDM compared to DFT-s-OFDM waveform. In these regards, the target receiving power for CP-OFDM and DFT-s-OFDM can be different and separate power control settings should be supported depending on the employed waveform. Therefore different waveform can have different P0 and alpha with regard to different targeting SINR.
Proposal 3: waveform specific power control parameters should include P0 and alpha, since different targeting SINR can be required for different waveforms.
It has been agreed that CSI-RS for beam measurement is UE specifically configured. Then when transmitting some initial access related messages, the UE cannot know its configuration of CSI-RS for beam management. Therefore before the measurement of CSI-RS for beam management, the UE can use the SSS or DMRS for PBCH if no power offset between SSS and DMRS, in the following section, we will use SS-block to denote those reference signals. After the CSI-RS is received, the UE could switch to the beams in CSI-RS since most likely the beams in CSI-RS may be used to receive the PUSCH. Thus generally for pathloss estimation, the SS-block can be used before CSI-RS for BM is received and the CSI-RS for BM can be used after it is received.
Proposal 4: CSI-RS can be used for pathloss estimation after it is received by UE and before the CSI-RS transmission, the SS-block can be used for pathloss estimation.
2.2 Power control for beam management signal
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 Beam Management Signal (BMS). 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 BMS since some far UEs may not be received due to interference from near UEs. Therefore the power control for BMS should be necessary and it should be common for each repetitions for one type of BMS. 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 the kth best RSRP measured from downlink BMS as shown in Figure 1.
· Option 2: pathloss is calculated based on averaging of a sub-set of beams from downlink BMS as shown in Figure 2.


Figure 1: pathloss calculation for BMS in option 1


Figure 2: pathloss calculation for BMS in option 2

Both options can help the UE to calculate a common Tx power for the BMS. Without beam correspondence the value of K in option 1 can be larger than 1 and the number of sub-set of beams in option 2 can be more than 1, so that some margin to compensate the uplink and downlink pathloss offset can be reserved. Hence one of the options should be supported.
Proposal 5: the power control should be common for each repetition of one type of BMS and one of following options for pathloss calculation should be supported:
· Option 1: pathloss is calculated based on the kth best RSRP measured from downlink BMS.
· Option 2: pathloss is calculated based on averaging of a sub-set of beams from downlink BMS.

2.3 Power Control for PUCCH
In NR, the duration of long PUCCH ranges from 4 to 14 symbols and can change somewhat dynamically slot by slot. The change in the PUCCH duration is affected by configurations of other DL/UL physical channels and signals in the slot where the long PUCCH is transmitted. When the UE transmits the PUCCH, it is desirable that the transmission power for the PUCCH is determined so as to meet reliability requirement for the UCI carried on the PUCCH and at the same time to not cause unnecessarily large interference to neighboring cells by limiting the transmission power. For a given transmission power, the total transmission power over the PUCCH duration increases or decreases in proportion to the number of symbols carrying the PUCCH. The difference in the total transmission power becomes significant for a large 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. The power control equation assumes that a beam pair link is given for the PUCCH transmission and for simpler notation, an index for the beam pair link is omitted at the parameters such as the downlink pathloss estimate , the current PUCCH power control adjustment state  and others.

 [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 the range of 4, 5, …, 13, 14, and  can be set to 4 corresponding to the minimum PUCCH duration.  is 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 an identical 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 TS 36.213.
Proposal 6: Transmission power of long PUCCH should be adjustable depending on the PUCCH duration. 
Proposal 7: Transmission power of PUCCH and PUSCH should be adjustable as a function of the subcarrier spacing.











3. 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 factor P0 should be BPL specific.
Proposal 2: the closed-loop power control factors whether the accumulation is enabled should be BPL specific.
Proposal 3: waveform specific power control parameters should include P0 and alpha since different targeting SNR can be required for different waveforms.
Proposal 4: CSI-RS can be used for pathloss estimation after it is received by UE and before the CSI-RS transmission, the SS-block can be used for pathloss estimation.
Proposal 5: the power control should be common for each repetition of one type of BMS and one of following options for pathloss calculation should be supported:
· Option 1: pathloss is calculated based on the kth best RSRP measured from downlink BMS.
· Option 2: pathloss is calculated based on averaging of a sub-set of beams from downlink BMS.
[bookmark: _GoBack]Proposal 6: Transmission power of long PUCCH should be adjustable depending on the PUCCH duration. 
Proposal 7: Transmission power of PUCCH and PUSCH should be adjustable as a function of the subcarrier spacing.
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Figure A-1: C.D.F. of beam energy difference
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Figure A-2: C.D.F. of beam specific IoT
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