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1 Introduction

In RAN1 NR Ad-hoc#3, the following were agreed [1]:
Agreement:
For PL estimation, NR supports

· At least higher layer filtered RSRP is supported for PL estimation based on configured CSI-RS and/or SS block

· Note: Above includes the support for at least beam-specific RSRP measurement

· FFS: Whether L1 RSRP is additionally supported

· Note: Companies are encouraged to study the benefits of additionally using L1 RSRP for PL estimation

· FFS: Details on the L3 filter in NR specification (including whether to define or not) should be discussed in the mobility session

Agreement:
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· 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 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
This contribution discusses aspects for the NR SRS and PUCCH power control frameworks and also discusses remaining issues on the NR PUSCH power control framework.

2 NR SRS power control framework

In LTE, SRS power control formula is defined by:
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 As shown in the above equation, the SRS transmit power basically follows that of the PUSCH, compensating for the exact bandwidth of the SRS transmission 
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 are the same as for PUSCH power control. 

NR supports two different purposes of SRS transmission; one for CSI acquisition and one for beam management. Even though the purposes of such SRS transmissions are different, a same structure for the power control formulas can apply. A gNB can configure different values for each parameter in SRS power control formula for SRS transmissions used for DL/UL CSI acquisition and SRS transmissions used for beam/TRP management. In a system with hybrid beamforming architecture or in a multi-TRP system, beam(s) (or beam-pair(s)) or TRP(s) associated with PUSCH transmission from a UE can be different from beam(s) or TRP(s) used for SRS transmission from the UE, irrespective of whether the SRS is intended for DL/UL CSI acquisition or beam/TRP management. In such a case,
[image: image8.wmf]O_PUSCH,

()

c

Pj

, 
[image: image9.wmf]()

c

j

a

, and 
[image: image10.wmf])

(

k

PL

c

 values for PUSCH transmission cannot be directly applied for SRS transmission. However, it has been agreed that NR supports beam/TRP-specific pathloss for UL power control and it was also agreed that there is a linkage among
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. Therefore, assuming that a properly functional linkage can be defined, then even if the beam/TRP associated with SRS transmission is different than one associated with PUSCH transmission, the UE can use a configured parameter set associated with the RS resource(s) for the SRS transmission. So, following the agreement in last RAN1 NR Ad-hoc#3, the SRS power control formula in NR can be as follows:

Proposal 1: LTE SRS power control formula and corresponding terminologies are reused for NR SRS power control.
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· Where i is slot number, j is the index of open-loop parameters, k is the index of RS resource(s) for pathloss measurement, l is the index of closed-loop power control process, and m is the SRS transmission type (periodic, SPS, aperiodic).
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz

· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling
Different from the SRS for DL/UL CSI acquisition, beam management SRS needs to support multi-shot transmission by using multiple symbols within a slot. So, how to set the transmission power of beam management SRS should be discussed further and there can be two alternatives; i) allow different transmission power in each symbol (Alt.1) and ii) keep same transmission power in each symbol (Alt.2). Since beam-specific power control has been agreed in NR, if each symbol is transmitted using a different beam (or beam-pair) for UE’s Tx beam sweeping, using Alt.1 seems to be natural because different beams can experience different channel characteristics and different 
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 values need to be used for each symbol. However, Alt. 1 is not desirable because it requires a frequent power transient time for a UE to change its transmission power resulting in performance loss. Conversely, in order for Alt.2 to keep a same SRS transmission power within a slot, each symbol needs to use same values for the parameters
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 even if each symbol is transmitted with different beam. The gNB can configure or indicate which 
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should be applied for all symbols within the slot and the SRS transmission power can be set by the UE according to the linkage among the parameters. 
Proposal 2: For the beam management SRS using multiple consecutive symbols, the transmission power is same in each symbol within a slot.

3 NR PUCCH power control framework

In LTE, there are two different PUCCH power control formulas and they are defined by:

For PUCCH format 1/1a/1b/2/2a/2b/3, 
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For PUCCH format 4/5 (TxD is not supported in LTE),
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In NR, the following PUCCH formats have been specified in [TS38.211]:
· Format 0: Short PUCCH (S-PUCCH) for UCI of 1 or 2 bits consisting of 1 – 2 symbols

· Format 1: Long PUCCH (L-PUCCH) for UCI of 1 or 2 bits consisting of 4 – 14 symbols

· Format 2: Short PUCCH (S-PUCCH) for UCI of more than 2 bits consisting of 1 – 2 symbols

· Format 3: Long PUCCH (L-PUCCH) for UCI of more than 2 bits consisting of 4 – 14 symbols

Although the LTE formulas consider PUCCH transmission over a subframe, that is, over a larger number of symbols than for S-PUCCH or typically for L-PUCCH, the transmission duration can be directly captured by a PUCCH power adjustment. For example, if the S-PUCCH or L-PUCCH transmission duration is configured by higher layers, the power adjustment can be captured in the setting of
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. If the number of PUCCH format symbols can dynamically vary then, for PUCCH format 1 and PUCCH format 3, assuming a power control formula as for LTE PUCCH format 4, the parameter is sufficient 
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 to capture the change in the code rate. The power control formula can also be simplified by absorbing 
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[image: image28.wmf])

(

O_PUCCH,

j

P

c

 is set separately per PUCCH format. 

For PUCCH format 0 and PUCCH format 2, there are several alternatives to account for the number of transmission symbols in determining the transmission power. A first alternative is to introduce a parameter  
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 in the power control formula for PUCCH format 0 and PUCCH format 2. As the coding method is repetition coding, this is equivalent to scaling the transmission power according to the number of symbols – e.g. increasing the power of PUCCH format 0 by 3 dB when transmission is over 1 symbol compared to the power when transmission is over 2 symbols. Essentially, 
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 for PUCCH format 0 and 
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 for PUCCH format 2. A second alternative is to increase the number of bits for TPC commands associated with PUCCH format 0 or PUCCH format 2, e.g. from 2 bits to 3 bits, in order to capture the variation in the number of symbols relative to 
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 for increasing the transmission power. The first alternative is preferable primarily because it avoids differentiation of DCI formats (for TPC commands) depending on the PUCCH format (it also offers a slightly smaller DCI overhead).      
Proposal 3: The LTE PUCCH power control formulas are baseline for determining the NR PUCCH power control formulas.
Proposal 4: If the number of symbols for a PUCCH format can dynamically vary, a compensation factor of  
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 is added to the PUCCH format transmission power where 
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 is the maximum number of transmission symbols for the PUCCH format.
4 Remaining issues on the NR PUSCH power control
In RAN1 NR Ad-hoc#3, a PUSCH power control formula was agreed but there were several FFS issues that even included the definition of its parameters. This section discusses the remaining issues.
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Definition of MPUSCH,c(i)
In LTE, 
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for slot i on serving cell c. It was argued that the definition of
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needs to be changed in NR because different waveforms have different DMRS patterns (e.g., for DFT-S-OFDM, DMRS and UCI are TDMed but for CP-OFDM, DMRS and UCI may be FDMed) and PSD within a PRB can be different for each waveform. A respective proposal then was to express
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as number of resource elements rather than number of resource blocks. However, the PSD difference between waveforms can be adjusted by other parameters such as 
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. Moreover, commonality for UCI mapping between DFT-S-OFDM and CP-OFDM was agreed meaning that DMRS and UCI are TDMed regardless of the waveform. Further, different PSD within an OFDM symbol and across OFDM symbols is generally not preferable especially for QAM modulation but also for QPSK.
Proposal 5: Regardless of waveform, NR defines MPUSCH,c(i) as the bandwidth of the PUSCH resource assignment expressed in number of resource blocks.

L1 RSRP filtering for PLc,q measurement
In LTE, higher layer filtering has been used for PLc calculation in order to average out a random effects caused by shadowing and/or fading. We think that for systems with hybrid beamforming architecture, L1 RSRP based pathloss measurement is needed because the channels will have LoS condition with very high probability and not much randomness is expected. Also, higher layer filtering will increase latency for the measurement and considering the rate of beam change due to blocking and/or UE rotation, higher layer filtering will give a negative impact on the measurement accuracy.

Proposal 6: For pathloss estimation, NR supports L1 RSRP filtering in addition to L3 RSRP filtering and which one should be used is configured by gNB.

Discussion on KPUSCH 
In LTE, 
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 is calculated as the following:

· For accumulative TPC command,  fc(i) = fc(i – 1) + δPUSCH,c(i – KPUSCH)

· For absolute TPC command,  fc(i) = δPUSCH,c(i – KPUSCH) 
δPUSCH,c(i – KPUSCH) is signaled on PDCCH with DCI on subframe i – KPUSCH and the value of KPUSCH is fixed, e.g., for FDD KPUSCH = 4 and for TDD, KPUSCH is per-defined in the specification depending on DL/UL configurations. 

On the other hand, NR supports variable TTI length, e.g., a slot or variable number of symbols which can have same numerology or different numerologies. Also, NR supports a dynamic TDD slot structure including a.k.a. a self-contained slot structure. So, different from LTE, KPUSCH needs to be signaled by gNB depending on the slot structure that the gNB intends to operate or be implicitly derived based on the timing of an associated transmission from the UE (PUSCH/SRS for TPC commands in UL DCI, PUCCH for TPC commands in DL DCI). Also, KPUSCH for group-common power control as LTE DCI format 3/3A should be supported for periodic/SPS transmissions (e.g., for CSI, SR, SRS). Finally, the PUSCH power control should be defined for Type 1 and Type 2 grant-free transmissions.
Proposal 7: KPUSCH is either signaled (by FFS DCI, RRC, or a combination) or implicitly derived by the timing of a transmission scheduled by the DCI that includes the TPC command.
Proposal 8: NR support UE-group common DCI for TPC commands.
Proposal 9: Define extensions of the PUSCH power control formula to Type 1 and Type 2 grant-free transmissions.
When to reset fc(i,k) for accumulative TPC 
Another issue on accumulative TPC command would be a UE’s behavior when the UE resets accumulation. In LTE, a UE shall reset accumulation at least for the following case: 
· For serving cell c, when PO_UE_PUSCH,c value is changed by higher layers.

On top of the above UE’s behavior, NR needs to discuss whether or not accumulation has to be reset for different numerologies/services, different beam-pairs/TRP(s) (or beam-pair groups), different waveforms and any combination of them. In a hybrid beamforming system, different beam-pairs (or different beam-pair groups) can experience different channel characteristics and the event that a serving beam-pair is changed can be seen as one that a serving sector (or a serving cell) is changed. So, accumulation has to be reset when a beam-pair used for PUSCH transmission is changed. However, sometimes it will be beneficial to keep the accumulation even if the serving beam is changed because the characteristics of the changed beam are not much different from previous beam such as for example for collocated TRPs. So, a gNB can indicate or configure whether or not a UE resets the accumulative TPC command when beam(s)/TRP(s) change. Also, there is no apparent reason for resetting accumulation for different numerologies and different waveforms.
Proposal 10: For accumulative TPC for NR PUSCH, a UE shall reset accumulation at least for the following cases: 

· For serving cell c, when PO_UE_PUSCH,c value is changed by higher layers.
· For serving cell c, when a first beam-pair/TRP (QCL) used for PUSCH transmission is changed to a second QCL and gNB configures resetting the accumulation for the two QCLs.
5 Conclusion
In this contribution, we have discussed NR UL power control framework for SRS, PUCCH and PUSCH and the following were proposed:
Proposal 1: LTE SRS power control formula and corresponding terminologies are reused for NR SRS power control.
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· Where i is slot number, j is the index of open-loop parameters, k is the index of RS resource(s) for pathloss measurement, l is the index of closed-loop power control process, and m is the SRS transmission type (periodic, SPS, aperiodic).
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz

· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling
Proposal 2: For the beam management SRS using multiple consecutive symbols, the transmission power is same in each symbol within a slot.

Proposal 3: The LTE PUCCH power control formulas are baseline for determining the NR PUCCH power control formulas.

Proposal 4: If the number of symbols for a PUCCH format can dynamically vary, a compensation factor of  
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 is added to the PUCCH format transmission power where 
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 is the maximum number of transmission symbols for the PUCCH format.
Proposal 5: Regardless of waveform, NR defines MPUSCH,c(i) as the bandwidth of the PUSCH resource assignment expressed in number of resource blocks.

Proposal 6: For pathloss estimation, NR supports L1 RSRP filtering in addition to L3 RSRP filtering and which one should be used is configured by gNB.

Proposal 7: KPUSCH is either signaled (by FFS DCI, RRC, or a combination) or implicitly derived by the timing of a transmission scheduled by the DCI that includes the TPC command.
Proposal 8: NR support UE-group common DCI for TPC commands.
Proposal 9: Define extensions of the PUSCH power control formula to Type 1 and Type 2 grant-free transmissions.
Proposal 10: For accumulative TPC for NR PUSCH, a UE shall reset accumulation at least for the following cases: 

· For serving cell c, when PO_UE_PUSCH,c value is changed by higher layers.
· For serving cell c, when a first beam-pair/TRP (QCL) used for PUSCH transmission is changed to a second QCL and gNB configures resetting the accumulation for the two QCLs.
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