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1. Introduction

In RAN1#90bis a large step forward was taken in respect to UL power control. In this document, we provide our view on further aspects of NR power control framework where additional details are provided in [1]-[7].  

2. Discussion
2.1. PUSCH power control
The following was agreed for PUSCH power control in RAN1#90bis

Agreement

Support the following PUSCH power control in NR:
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· For the pathloss measurement RS indication.

· k is indicated by beam indication for PUSCH (if present) 

· A linkage between PUSCH beam indication and k which is index of downlink RS resource for PL measurement is pre-configured via high layer signal

· Only one value k is RRC configured in UE specific way if PUSCH beam indication is not present 

· Value of P_0 is composed by cell specific component and UE specific component

· At least three cell specific component values of P_0 can be configured

· alpha is 1 by default before UE specific configuration
· Candidate values are the same as in LTE

· j can be configured for the following aspects

· grant-based PUSCH, grant-free PUSCH and PUSCH for msg 3

· PUSCH beam indication (if present) for grant-based PUSCH

· FFS: logical channel of PUSCH

· slot sets (if supported)

· Working assumption: for two uplinks of SUL band combination

· If N=2 (number of closed loop process) is configured for UE, l can be configured for the following aspects 

· PUSCH beam indication (if present) for grant-based PUSCH

· slot sets (if supported)

· grant-free PUSCH and grant based PUSCH 

· FFS: logical channel(s) carried by PUSCH

· Working assumption: for two uplinks of SUL band combination

· FFS: whether delta_TF takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.

· Capturing the agreement in the NR specification is up to the editor

Below we discuss some remaining aspects that need finalization. 
PL Estimation

For PL estimation, details about the linkage between PUSCH beam indication an ‘DL RS for PL estimation’ need to be finalized. In our UE can be configured with multiple (up to 4) of DL RS configurations for PL estimation. Each RS configuration can correspond to either a SS-block configuration or a CSI-RS configuration. While all the details of ‘PUSCH beam indication’ are yet to be agreed, we expect the UL grant to indicate one of 4 states (i.e., 2 bits) for this. Given the is the linkage can be described as follows.

Table 1- Linkage between PUSCH beam indication and k
	‘PUSCH beam indication’
	‘DL RS for PL estimation’

	00
	1st RS config. by RRC

	01
	2nd  RS config. by RRC

	10
	3rd  RS config. by RRC

	11
	4th  RS config. by RRC


Regarding the meaning of ‘PUSCH beam indication’, this depends on the agreements made in beam management related discussion and can be one of SRI (already agreed), a TCI state indicated in UL grant, or a TCI state for PDCCH associated with the UL grant.  

Proposal

· ‘PUSCH beam indication’ can be one of SRI (already agreed), a TCI state indicated in UL grant (if agreed), or a TCI state for PDCCH associated with the UL grant (if agreed).

· Linkage between ‘PUSCH beam indication’ and ‘DL RS for PL estimation’ is configured as follows

	‘PUSCH beam indication’
	‘DL RS for PL estimation’

	00
	1st RS config. by RRC

	01
	2nd  RS config. by RRC

	10
	3rd  RS config. by RRC

	11
	4th  RS config. by RRC


· A UE can be configured to maintain a maximum of 4 PL estimates.

Configuration of P0(j) and alpha(j)

Similar Table can be configured for P0(j) and alpha(j) and the number of {P0,alpha} sets that can be indicated by ‘PUSCH beam indication’ can be limited to 4.

Proposal

· Linkage between ‘PUSCH beam indication’ and set ‘j corresponding to {P0,alpha} is configured as follows

	‘PUSCH beam indication’
	{P0,alpha} set index j

	00
	1st set config. by RRC

	01
	2nd set config. by RRC

	10
	3rd set config. by RRC

	11
	4th set config. by RRC


2.2. PUCCH power control
One important aspect is whether beam specific PC for PUCCH will be supported in NR. If NR allows both PUSCH and PUCCH to operate based on beam management procedures, utilizing beam indication, it would be natural to support beam specific PC for both PUSCH and PUCCH. We furthermore think that, if beam specific PUCCH PC is supported, the framework for PUSCH and PUCCH should be as similar as possible. Further details are given in [2].
Proposal

· Initialization/updating the connection of k and a DL RS(s) is done independently for PUCCH and PUSCH.
· If beam indication is supported for PUCCH then also support beam specific PC for PUCCH
· If beam specific PC is supported for PUCCH let it operate in a similar was as PUSCH PC by using the PUCCH beam indicator to indicate (b,k,l)
2.3. SRS power control

We propose the following to finalize SRS PC framework. Detailed views are given in [3].
Proposal

· Whether or not SRS power control is tied with corresponding PUSCH power control is gNB implementation.

· Each SRS resource set is associated with 1 DL reference signal for PL estimation

· Support h_SRS,c(i) = 0

· Support both accumulative TPC and absolute TPC for SRS power control

· P0_SRS,c; α _SRS,c; k1; h_SRS,c, can be configured only per SRS resource set
2.4. Closed loop PC details
In LTE, the 2 bit TPC commands are chosen from the set [-1dB 0dB 1dB 3dB]. For NR mmWave case, required UE transmit power can have larger fluctuations (e.g. due to sudden change in shadowing due to narrow beams, more pronounced antenna gain variations) compared to typical cellular use cases. Also, the tolerance that RAN4 will specify for achievable transmit power accuracy at >24GHz is unclear at this stage and if the tolerances are larger than those for LTE, then the utility of smaller TPC command step sizes (i.e., [-1dB 1dB]) is questionable.  Given this, a TPC command set with larger dynamic range (e.g. [-3dB 0dB 3dB 5dB]) should be considered for >24GHz operation.

Proposal

· LTE TPC command set [-1dB 0dB 1dB 3dB] should be reused at least for <6GHz operation.
· A TPC command set with larger dynamic range (e.g. [-3dB 0dB 3dB 5dB]) should be considered for >24GHz operation. 
Finally, we discuss additional design aspects related to closed loop TPC, i.e., how to reset TPC loop(s) and DCI 3/3A based operation in [4].

2.5. “Service-type” specific power control
“Service-type” or “traffic-type” associated with a UL data transmission is not visible to PHY layer in LTE. This is also the case for NR. However, NR does allow differentiation of physical layer configurations based on the logical channel type associated with the UL data payload (e.g. as described in [6]). In our view, similar differentiation should also be available for setting UE transmit power. One approach to achieve this is to indicate a ‘transmission profile’ in the UL grant (as described in [7]), which indicates a P0 (or a P0 offset) that corresponds to a power boost associated with the transmission profile. It should be noted that unlike a TPC command, the ‘power boost’ is only applied when data associated with a certain transmission profile is scheduled (i.e., it is not accumulative).
Proposal
· Support DCI signaling based on which PUSCH transmissions carrying data of higher priority logical channels can be given a power boost.
3. Conclusions
In this document, we discuss remaining details on NR power control framework and make the following proposals.
Proposal 1
· ‘PUSCH beam indication’ can be one of SRI (already agreed), a TCI state indicated in UL grant (if agreed), or a TCI state for PDCCH associated with the UL grant (if agreed).

· Linkage between ‘PUSCH beam indication’ and ‘DL RS for PL estimation’ is configured as follows

	‘PUSCH beam indication’
	‘DL RS for PL estimation’

	00
	1st RS config. by RRC

	01
	2nd  RS config. by RRC

	10
	3rd  RS config. by RRC

	11
	4th  RS config. by RRC


· A UE can be configured to maintain a maximum of 4 PL estimates.

Proposal 2
· Linkage between ‘PUSCH beam indication’ and set ‘j corresponding to {P0,alpha} is configured as follows

	‘PUSCH beam indication’
	{P0,alpha} set index j

	00
	1st set config. by RRC

	01
	2nd set config. by RRC

	10
	3rd set config. by RRC

	11
	4th set config. by RRC


 Proposal 3
· Initialization/updating the connection of k and a DL RS(s) is done independently for PUCCH and PUSCH.
· If beam indication is supported for PUCCH then also support beam specific PC for PUCCH
· If beam specific PC is supported for PUCCH let it operate in a similar was as PUSCH PC by using the PUCCH beam indicator to indicate (b,k,l)
Proposal 4
· Whether or not SRS power control is tied with corresponding PUSCH power control is gNB implementation.

· Each SRS resource set is associated with 1 DL reference signal for PL estimation

· Support h_SRS,c(i) = 0

· Support both accumulative TPC and absolute TPC for SRS power control

· P0_SRS,c; α _SRS,c; k1; h_SRS,c, can be configured only per SRS resource set

Proposal 5
· LTE TPC command set [-1dB 0dB 1dB 3dB] should be reused at least for <6GHz operation.
· A TPC command set with larger dynamic range (e.g. [-3dB 0dB 3dB 5dB]) should be considered for >24GHz operation. 
Proposal 6

· Support DCI signaling based on which PUSCH transmissions carrying data of higher priority logical channels can be given a power boost.
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