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1 Introduction

In this contribution, we discuss some issues on power control in 38.213 [2]. Meanwhile, the corresponding CRs is provided in the companion contribution in the same folder. 

2 Power control of PUCCH after beam recovery
In RAN1#94b meeting, power control scheme of PUCCH after beam recovery was discussed and a working assumption was reached as follows.

	Working Assumption
After successfully receiving BFR gNB response, until the UE receives an activation or reconfiguration of spatial relation of PUCCH resource(s), and when a corresponding PUCCH transmission uses a same spatial filter as a PRACH transmission for BFR, the corresponding PUCCH transmission shall use the following UL power control parameters.
· P0 is given by the values corresponding p0setindex =0 of p0-pucch-set (i.e., q_u=0)
· 
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 is calculated according to one DL RS associated with the PRACH transmission. 
· Closed loop index l=0
· FFS: whether to apply this for CBRA 
· Notes: The above applies to PCell or PSCell.
For further discussion in RAN1#95

Whether specification clarification is needed on the number of closed-loop PC processes maintained at the physical layer. 


The current 38.213[2] reflects this WA as follows. 

	After K symbols from a last symbol of a first PDCCH reception in a search space set provided by recoverySearchSpaceId for which the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI and until the UE receives an activation command for PUCCH-Spatialrelationinfo [11, TS 38.321] or is provided PUCCH-Spatialrelationinfo for PUCCH resource(s), the UE transmits a PUCCH using 

-
a same spatial filter as for the last PRACH transmission

-
a power determined as described in Subclause 7.2.1 with 
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K symbols after successfully receiving beam recovery, the Tx beam of PUCCH transmission should be changed according to the last PRACH transmission. Consequently, the closed loop power control l = 0 for PUCCH transmission should be initialized, but which has not been reflected in the current 38.213[2]. 

· For instance, after successful PRACH transmission for initial access, the value for PUCCH closed loop power control should be initialized as the sum of the value of TPC command in Msg2 and ramp-up power .
· But, for beam recovery procedure, there is no clear definition of Msg2 as initial access. 

Beam recovery response, similar to Msg2, is considered to be a PDCCH in a search space set provided by recoverySearchSpaceId for which the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI. DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI could be DCI format 0_0 or DCI format 0_1, and could also be DCI format 1_0 or DCI format 1_1. All of these DCI formats contains TPC command. They could be divided into the following two categories.

· DCI format 1_0 and DCI format 1_1
· DCI format 1_0 and DCI format 1_1 is to trigger initialization of closed loop power control of PUCCH. Then the TPC command in the DCI format 1_0 or the DCI format 1_1 which triggered beam recovery success could be used together with ramp-up power to initialize value for PUCCH closed loop power control. 
· DCI format 0_0 and DCI format 0_1
· The first PUCCH transmission could be in response to DCI format 1_0 or DCI format 1_1, which is transmitted after the first DCI format 0_0 and DCI format 0_1, then the TPC command in the DCI format 1_0 or the DCI format 1_1 could be used together with ramp-up power to initialize value for PUCCH closed loop power control. 

· The first PUCCH transmission could also be SP-PUCCH which is not in response to DCI format 1_0 or DCI format 1_1, PUCCH closed loop power control should be initialized as ramp-up power, which means no TPC command is used.

In summary, regardless the DCI type which triggered beam recovery success, 

· If the first PUCCH transmission is SP-PUCCH after beam recovery, closed loop power control of PUCCH should be initialized as the value of ramp-up power.

· If the first PUCCH transmission is PUCCH after beam recovery, closed loop power control of PUCCH should be initialized as the sum of the value of ramp-up power and the value of TPC command in the DCI format 1_0 or DCI format 1_1 which the PUCCH is in response to.
Proposal-1: The closed loop power control l = 0 for PUCCH transmission should be initialized as follows

· If the first PUCCH transmission is SP-PUCCH from K symbols after successfully receiving gNB response for BFR, the closed loop of PUCCH should be initialized as the value of ramp-up power.

· If the first PUCCH transmission is PUCCH, which is in response to a DCI format 1_0 or DCI format 1_1, from K symbols after successfully receiving gNB response for BFR, the closed loop of PUCCH should be initialized as the sum of ramp-up power and TPC command from the DCI format 1_0 or DCI format 1_1.
3 Power scaling related issues

In the current 38.213 [2], power scaling factor maintains the same scheme as LTE for PUSCH transmission as follows. Each antenna port can be allocated with up to the power of 
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 is the number of configured antenna ports. If there are any of zero power antenna ports, the power quota for zero power antenna ports cannot be re-allocated to other non-zero power antenna ports. Consequently, the UL power calculated by a UE for a PUSCH transmission can not be fully used for the PUSCH transmission when there are any of zero power antenna ports.

	For a PUSCH transmission on active UL BWP 
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, as described in Subclause 12, of carrier 
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 of serving cell 
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, a UE first scales a linear value 
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, with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme. The UE splits the resulting scaled power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 


This issue was discussed in RAN1#94b meeting, and reached the conclusions as follows [1].

	7.1.5Maintenance for UL power control

Agreement

Clarify Rel-15 NR PUSCH power scaling specifications such that per-PA full power capacity for all PAs in the UE is NOT required for any MIMO UE capability.

For RAN1#95

Consider at least the alternatives listed in R1-1812041 for finalization of power scaling issues for non-codebook based UL MIMO operation in RAN1#95

The alternatives replace ‘number of configured antenna ports for the transmission scheme’ in 38.213 as shown below.  One of Alt 1, 2, or 3 is used for codebook based operation, and one of Alt 4, 5 or 6 is used for non-codebook based operation.

Alt 1: the maximum number of PUSCH layers supported by the UE when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook'  

Alt 2: the maximum number of SRS ports in one SRS resource supported by the UE when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook'  

Alt 3: nrofSRS-Ports in SRS-ResourceSet configured with usage set to 'codebook’ when the higher layer parameter txConfig in PUSCH-Config is set to ‘codebook'

Alt 4: the maximum number of supported layers for the non-codebook transmission scheme divided by the maximum number of simultaneously transmitted SRS resources in one symbol for the non-codebook transmission scheme when the higher layer parameter txConfig in PUSCH-Config is set to ‘nonCodebook'

Alt 5: the number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’ when the higher layer parameter txConfig in PUSCH-Config is set to ‘nonCodebook' 

Alt 6: the supported maximum number of SRS resource per SRS resource set with usage set to 'nonCodebook' 

Check if clarification is needed for Rel-15 NR SRS power scaling specifications such that per-PA full power capacity for all PAs in the UE is not required for any MIMO UE capability.


Since per-PA capacity for all PAs in the UE is not required for any MIMO UE capability, this should apply for all kinds of UL transmissions, e.g. PUSCH, SRS. In order to make it clear, per-PA capacity for all PAs in the UE for SRS transmission should be clarified.

As for another issue, the alternatives replace ‘number of configured antenna ports for the transmission scheme’ in 38.213 as shown below [3]. One of Alt 1, 2, or 3 is used for codebook based operation, and one of Alt 4, 5 or 6 is used for non-codebook based operation.

>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
When higher layer parameter txConfig in PUSCH-Config is not configured, a UE transmits with power 
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 on active UL BWP 
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, as described in Subclause 12, of carrier 
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 of serving cell 
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 with parameters as defined in Subclause 7.1.1. Otherwise, For a PUSCH transmission on active UL BWP 
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, as described in Subclause 12, of carrier 
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 of serving cell 
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, a UE first scales a linear value 
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 of the transmit power 
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, with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to [Alt 1 or Alt 2 or Alt3] and [Alt 4 or Alt 5 or Alt 6]the number of configured antenna ports for the PUSCH transmission scheme. The UE splits the resulting scaled power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 

>>>>>>>>>>>> End text proposal >>>>>>>>>>>>>

“The number of configured antenna ports for the PUSCH transmission scheme” is unclear, especially for non-codebook cased PUSCH transmission. Therefore, it is needed to be refined. 

· For the Alt 1 to Alt 3 for codebook based PUSCH transmission, Alt 3 is preferable, since it is configurable and flexible.

· For the Alt 4 to Alt 6 for non-codebook based PUSCH transmission, Alt 4 and Alt5 should be merged to be: min{the maximum number of simultaneously transmitted SRS resources in one symbol, the number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’}, taking into account that the number of SRS resources to be configured for non-codebook transmission may be more than or less than the maximum number of simultaneously transmitted SRS resources in one symbol.
Note that the numerator of power scaling ratio “the number of antenna ports with a non-zero PUSCH transmission power” is clear for codebook based PUSCH transmission if it maps to a SRS resource. For non-codebook based PUSCH transmission, it maps to the number of layers of PUSCH transmission which is we have in the current spec. However, it is still an open issue on how port indexing is assumed for PUSCH, SRS and DMRS. Whether the change on the numerator description is needed or not depends on the conclusion of NR-MIMO UL transmission session.

Proposal-2: Clarify Rel-15 NR SRS power scaling specifications such that per-PA full power capacity for all PAs in the UE is not required for any MIMO UE capability.

Proposal-3: “the number of configured antenna ports for the PUSCH transmission scheme” in section 7 in TS 38.213 should be replaced by:

· For codebook transmission: nrofSRS-Ports in SRS-ResourceSet configured with usage set to 'codebook’ when the higher layer parameter txConfig in PUSCH-Config is set to ‘codebook' .

· For non-codebook transmission: min{the maximum number of simultaneously transmitted SRS resources in one symbol, the number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’} .
4 Conclusions
In this contribution, we analyzed the remaining issues on NR power control. Also proposals are summarized as follows.

Proposal-1: The closed loop power control l = 0 for PUCCH transmission should be initialized as follows

· If the first PUCCH transmission is SP-PUCCH from K symbols after successfully receiving gNB response for BFR, the closed loop of PUCCH should be initialized as the value of ramp-up power.

· If the first PUCCH transmission is PUCCH, which is in response to a DCI format 1_0 or DCI format 1_1, from K symbols after successfully receiving gNB response for BFR, the closed loop of PUCCH should be initialized as the sum of ramp-up power and TPC command from the DCI format 1_0 or DCI format 1_1.
Proposal-2: Clarify Rel-15 NR SRS power scaling specifications such that per-PA full power capacity for all PAs in the UE is not required for any MIMO UE capability.

Proposal-3: “the number of configured antenna ports for the PUSCH transmission scheme” in section 7 in TS 38.213 should be replaced by:

· For codebook transmission: nrofSRS-Ports in SRS-ResourceSet configured with usage set to 'codebook’ when the higher layer parameter txConfig in PUSCH-Config is set to ‘codebook' .

· For non-codebook transmission: min{the maximum number of simultaneously transmitted SRS resources in one symbol, the number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’} .
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