3GPP TSG RAN WG1 Meeting #87	R1-1611677
Reno, USA, 14th–18th November, 2016

Agenda Item:	7.1.3.4
Source:	Huawei, HiSilicon
Title:	Further discussion of UL power control for NR
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN1#86bis meeting, RAN1 reached agreements on uplink (UL) power control (PC) for NR MIMO:
· The following aspects should be considered for UL PC design:
· No LTE-like cell-specific reference signal for path loss estimate
· Beam-based transmissions/receptions
· Analog beamforming at eNB/UE
· Multi-beam / multi-stream transmissions 
· Multiple numerologies 
· Inter-TRP information exchange
· FFS: Dynamic TDD
· Other aspects are not precluded
· The following design of UL PC as starting point for study:
· Fractional power control in LTE as framework
· DL RS for path loss measurement 
· e.g. RS in DL beam management P-1, P-2 and P-3 for multi-beam scenario or single-beam scenario
· Separate PC settings for UL control and data channel
· FFS: the following design of UL PC
· Numerology-specific parameter setting
· Separate PC settings for multi-beam / multi-stream UL
In this contribution, we provide further discussions on UL PC in NR. See companion contribution [1] on PC for flexible duplex in NR and [2] for PC for CA and DC in NR.
General considerations for uplink power control
First of all, the LTE UL PC, or fractional power control (FPC), provides a general framework and is expected to work well for any OFDM or SC-FDM based systems. The general form of UE transmission power is

 [dBm]
in which the UE maximum power, bandwidth allocation factor, open-loop power control, MCS factor, and closed-loop offset are captured. Clearly, this mechanism is quite comprehensive and flexible. This has been agreed to be used as the baseline for the framework of NR UL PC.
Nevertheless, some variations or enhancements may need to be introduced in NR to address the new scenarios described in the previous section. Some key principles are discussed below for further considerations.
· Different PC settings and loops for UL channels/signals with different characteristics
LTE UL PC is mainly configured for PUSCH/PUCCH, and PC for other channels/signals or PC for channels/signals with different characteristics is not configured but derived. For example, for SRS PC, it is based on PUSCH PC setting, i.e, SRS power is an offset from PUSCH power, and there is no specific PC loop for SRS. This has been found to be limiting in Rel-14 SRS switching WI and RAN1 has recently decided to introduce new PC setting for SRS and hence a separate PC loop for SRS on a certain carrier. For another example, LTE TDD was initially designed with one power control loop, which was later found insufficient when eIMTA was introduced, and consequently, two power control loops that are subframe set dependent were adopted for eIMTA. 
For NR, to support higher degree of flexibility, multiple PC settings and multiple PC loops need to be configured for UL channels/signals with different characteristics. For example, some NR UL signals/channels may not be designed to depend on the transmissions of other signals, in other words, the signals/channels may be more “standalone”. For this purpose, new PC settings and loops are needed. Moreover, dynamic TDD (D-TDD) may be introduced in NR which is a much more flexible and dynamic evolution of eIMTA. As a result, the dual-loop UL PC enhancement employed in eIMTA may become insufficient, and UL PC settings/loops for signals experiencing different interference statistics may be required when considering D-TDD. Other examples include flexible duplex [1], multi-beam/multi-stream transmissions, mixed numerologies, etc. To further generalize, UL channels/signals with different characteristics may require different PC settings and loops, and the characteristics include signal types (e.g., PUSCH, PUCCH, SRS, RACH, or signals with different reliability requirements, etc.), signal attenuation (pathloss, antenna gains taking into account of hybrid/analog beamforming gains, RS used for pathloss estimate and UE tracking, etc.), Tx/Rx decoupling, Tx/Rx mode (e.g. diversity/multiplexing), interference conditions, and so on, with finer granularities in time domain, frequency domain, and spatial domains.
· Examples of different PC settings and loops
Applying the above principle, it is easily seen that:
· UL control channel and data channel should use separate PC settings and loops
· UL grant-free transmission should use a PC setting and loop separate from other transmissions, if UL grant-free transmission is supported in NR
· UL reference signal for UE tracking should use a PC setting and loop separate from other transmissions, if the tracking signal is supported in NR
· Numerology-specific parameter setting should be supported, if multiple numerologies are supported for a UE in NR (see also [2])
· Separate PC settings for multi-beam / multi-stream UL should be supported, if multi-beam / multi-stream UL transmissions are supported in NR
· Transmissions with different priorities may have different PC settings ([2])
· PC settings and loops with finer granularity of time resource differentiation may be supported ([1])
Therefore, to address the FFS in Sec. 1, we have:
Proposal 1: NR should support different PC settings and loops for UL channels/signals with different characteristics.
Proposal 2: Separate PC settings are needed for multi-beam UL, multi-stream UL, and multi-numerology UL, if the corresponding UL transmissions are supported in NR.
· Connections among different PC settings and loops for UL channels/signals 
There may be connections among some PC loops, meaning that the change in one PC loop (due to, e.g., TPC commands) may be also applicable to another PC loop. Such connections may need to be specified in the standards or signaled to the UE. For example, for different types of signals associated with the same antenna ports or QCLed antenna ports, the pathloss may be identical, and therefore, the channel conditions may be the same, which implies that the different loops may share some common parameters and variables. To efficiently support this, network signaling and UE behavior need to be defined.
Proposal 3: NR should define signaling and UE behavior to support using common parameters and variables in different PC loops. 
· More on pathloss estimate
For NR, new RS needs to be considered for the pathloss estimation if legacy CRS transmission does not exist. Pathloss estimate may be based on RS in DL beam management P-1, P-2 and P-3 for multi-beam scenario or single-beam scenario. Note that narrow-beam DL RS may not provide robust estimate of pathloss, and the associated high beamforming may cause the UE to underestimate the pathloss. Therefore, wide-beam DL RS should be used for pathloss estimate; this may lead to higher than necessary UL transmission power if the transmission is narrow-beam, but this may not interfere any TRP due to the narrow-beam nature of the transmission. However, power control with only PL estimate based on DL RS cannot always work well in cases with asymmetric UL/DL pathloss. For example, UL and DL pathloss will differ when the transmission and reception between DL and UL are decoupled with different TRP set in some scenarios (e.g. UDN). Thus, some UL effective PL estimate mechanisms should be considered for the cases with asymmetric UL/DL pathloss. Then we have the following two proposals:
Proposal 4: NR should support pathloss estimate based on RS in DL beam management P-1.
Proposal 5: NR should support UL “effective PL” estimation for cases with asymmetric UL/DL pathloss.
· “State” specific PC
Power control mechanisms differ in different UE states in LTE. For example, PC for PUSCH transmissions of data/control and Msg3 are different. The reason is that no specific PUSCH setting is known to eNB before the UE connection procedure. Consequently PC for Msg3 is based on PRACH target and PC for PUSCH for data/control is based on PUSCH specific requirement. For the new propose NR “RRC_INACTIVE” state during which some procedures can be operated including UE tracking and even grant free transmission ‎[3]. Different from “RRC_IDLE” and “RRC_CONNECTED”, some UE context can be maintained at gNB and some reference signal need to be transmitted by UE for tracking procedure which may define different requirements from other channel/signal (e.g. PRACH/PUSCH).
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 6: “State” specific PC settings should be studied in NR. 
Conclusion
In this contribution, further discussions on UL PC in NR were presented. We have the following proposals:
Proposal 1: NR should support different PC settings and loops for UL channels/signals with different characteristics.
Proposal 2: Separate PC settings are needed for multi-beam UL, multi-stream UL, and multi-numerology UL, if the corresponding UL transmissions are supported in NR.
Proposal 3: NR should define signaling and UE behavior to support using common parameters and variables in different PC loops. 
Proposal 4: NR should support pathloss estimate based on RS in DL beam management P-1.
Proposal 5: NR should support UL effective PL estimate for cases with asymmetric UL/DL pathloss.
Proposal 6: “State” specific PC settings should be studied in NR.
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