[bookmark: _GoBack]3GPP TSG RAN WG1 NR Ad-Hoc Meeting                                                       R1-1716114
Nagoya, Japan, 18th - 21th September 2017
Agenda item:	6.7.1
Source: 	NTT DOCOMO, INC.
Title:	Power control framework for PUSCH
Document for:	Discussion and Decision
Introduction
In RAN1#90, it was agreed to support multiple open-loop power control parameters [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


Primary remaining issues are how to configure the parameters and whether multiple closed-loops should be supported.
Discussion
PUSCH power control formula
	Agreements:
· For NR-PUSCH at least targeting eMBB,
· Open-loop power control based on pathloss estimate is supported.
· Pathloss is estimated using DL RS for measurement
· Fractional power control  is supported
· FFS: Which DL RS(s) for measurement is used (The RS may be beamformed).
· Closed-loop power control is supported, which is based on NW signaling.
· Dynamic UL-power adjustment is considered


First of all, we discuss general power control framework. Although, RAN1 agreed to support open-loop and closed-loop power control at least for eMBB [2], power control formula hasn’t been defined yet. According to current agreements, at least Pcmax,c, MPUSCH,c(i), P0_PUSCH,c(j), αc(j), PLc(k), fc(i) should be supported, where i is slot number, j is parameter set number and k is beam/beam pair number. 
Proposal 1: Support at least Pcmax,c, MPUSCH,c(i), P0_PUSCH,c(j), αc(j), PLc(k), fc(i) for NR PUSCH power control formula, where i is slot number, j is parameter set number and k is beam/beam pair number.
Reflecting the above points, NR PUSCH transmission power formula is described as followed:


 RAN4 is asking RAN1 whether Pcmax will be defined per beam [3]. However, from our perspective, as it was agreed in RAN1#90 that power back-off for CP-OFDM should be discussed in RAN4, maximum-power change due to beam change should be discussed in RAN4. UE should have single Pcmax,c per cell, i.e., multiple Pcmax,c per cell are not allowed.
Proposal 2: UE should have single Pcmax,c per cell, i.e., multiple Pcmax,c per cell are not allowed.
	Note: Send back an LS with the above statement (if agreed) to RAN4.
Open-loop parameter configuration
 Although RAN1 agreed to support multiple P0 and α, how to configure them has not been clarified yet. One possible option is to configure multiple parameter sets, e.g., {P0_PUSCH,c(j), αc(j)}, in higher layer, e.g., RRC, and indicate one of them in UL grant. Another option is to configure parameter sets and allow UE to switch them according to transmission format, e.g., beam index, waveform and service type, without explicit indication by gNB. The first option needs 1-2bit signalling in UL grant in addition to higher layer configuration. The second option doesn’t need any indication except for higher layer configuration. Although the second option has less signalling overhead, such implicit indication can cause status mismatch between UE and gNB. Hence current parameter set should be explicitly indicated by gNB.
Proposal 3: gNB configures parameter sets, e.g., {P0_PUSCH,c(j), αc(j)}, in higher layer and indicate one of them in UL grant by indicating j.
 According to the agreement, parameter sets can be used for beam, waveform and service type specific power control. If parameter sets are configured with link to combinations of beam, waveform and service type, the indication of parameter sets can be indication of beam, waveform and service type, which can reduce signaling overhead. Therefore we propose that parameter sets should be configured with link to combination of beam, waveform and service type as illustrated in Fig. 1.
Proposal 4: Parameter sets should be configured with link to combination of beam, waveform and service type.
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Figure 1: Power control parameter set configuration and indication
Closed-loop power control
Next, we discuss whether multiple closed-loops are needed. According to the discussion we had in the previous meeting, a possible scenario is that UE transmit to multiple TRPs using multiple beams. However, multiple-TRP scenario is a kind of further enhancement. Since the motivation of having such scenario for first NR launch is no clear,  it seems reasonable for Rel. 15 NR to assumer only single-TRP case. Multiple-TRP case can be discussed for Rel. 16 NR.
Observation 1: Multiple-TRP scenario is a kind of further enhancement. Since the motivation of having such scenario for first NR launch is no clear, it seems reasonable for Rel. 15 NR to assumer only single-TRP case. If only single-TRP case is assumed, multiple closed-loops are not needed.
If RAN1 focus only on single-TRP case, there is no motivation to support multiple closed-loops anymore. 
Proposal 5: Support only single closed-loop for Rel. 15 NR.
 Another issue is whether fc(i) should be reset when a new parameter set is indicated in UL grant. Since multiple parameter sets can be used for dynamic beam switching, parameter sets can be switched dynamically. If fc(i) is reset frequently, UL/DL pathloss mismatch cannot be resolved and transmission power would be unstable. On the other hand, if fc(i) is never reset, TPC command accumulation mismatch between gNB and UE cannot be fixed. To take the balance between the two aspects, gNB should explicitly indicate whether fc(i) should be reset when it indicates a new parameter set.
Proposal 6: gNB should explicitly indicate whether fc(i) should be reset when it indicates a new parameter set.
PHR
Transmission power is different among different power control parameter sets. gNB cannot estimate expected transmission power correctly without preliminary PHR, because gNB is not aware of DL pathloss. Especially when changing beams, DL pathloss can change significantly. Therefore, before gNB indicates new parameter set, e.g. for beam specific power control, virtual power headroom report (PHR) assuming the new parameter set is needed so that gNB can schedule appropriate amount of resource.
Observation 2: Transmission power is different among different power control parameter sets. gNB cannot estimate expected transmission power correctly without preliminary PHR, because gNB is not aware of DL pathloss.
Proposal 7: Support virtual PHR assuming non-current parameter set(s).
Furthermore, for appropriate DL/UL scheduling, gNB needs pathloss information, because target SINR depends on pathloss scale. In order to allow gNB to measure accurate UL pathloss, UE transmission power should be informed to gNB. PH doesn’t describe accurate UE transmission power, because power back-off can change, e.g., due to modulation, waveform and beam change. According to RAN4 discussion, Pcmax will be defined based on EIRP for mm wave transmission [4]. This means that the back-off can change significantly when beam changes. A simplest solution is to feedback UE transmission power. However, it causes signalling overhead. Hence we propose more reasonable solution such that UE reports power back-off when gNB requests. Power back-off needs only few bits to describe, which is much smaller than that of absolute power. It can be reported with PHR.
Observation 3: gNB needs UL pathloss information for DL/UL scheduling. In order to measure accurate pathloss, accurate UE transmission power is needed at gNB side.
Proposal 8: Support power back-off reporting, which is triggered by gNB, in addition to PHR in order to inform gNB of accurate UE transmission power.
Conclusion
In this contribution we discussed power control framework for PUSCH transmission. Our proposals are as followed:
Proposal 1: Support at least Pcmax,c, MPUSCH,c(i), P0_PUSCH,c(j), αc(j), PLc(k), fc(i) for NR PUSCH power control formula, where i is slot number, j is parameter set number and k is beam/beam pair number.
Proposal 2: UE should have single Pcmax,c per cell, i.e., multiple Pcmax,c per cell are not allowed.
	Note: Send back an LS with the above statement (if agreed) to RAN4.
Proposal 3: gNB configures parameter sets, e.g., {P0_PUSCH,c(j), αc(j)}, in higher layer and indicate one of them in UL grant by indicating j.
Proposal 4: Parameter sets should be configured with link to combination of beam, waveform and service type.
Observation 1: Multiple-TRP scenario is a kind of further enhancement. Since the motivation of having such scenario for first NR launch is no clear, it seems reasonable for Rel. 15 NR to assumer only single-TRP case. If only single-TRP case is assumed, multiple closed-loops are not needed.
Proposal 5: Support only single closed-loop for Rel. 15 NR.
Proposal 6: gNB should explicitly indicate whether fc(i) should be reset when it indicates a new parameter set.
Observation 2: Transmission power is different among different power control parameter sets. gNB cannot estimate expected transmission power correctly without preliminary PHR, because gNB is not aware of DL pathloss.
Proposal 7: Support virtual PHR assuming non-current parameter set(s).
Observation 3: gNB needs UL pathloss information for DL/UL scheduling. In order to measure accurate pathloss, accurate UE transmission power is needed at gNB side.
Proposal 8: Support power back-off reporting, which is triggered by gNB, in addition to PHR in order to inform gNB of accurate UE transmission power.
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