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7.1
Physical uplink shared channel

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 calculates  a linear value 
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,

,

,

(

ˆ

,

,

,

PUSCH

l

q

j

i

P

d

c

f

b

 of the transmit power 
[image: image5.wmf])

,

,

,

(

,

,

,

PUSCH

l

q

j

i

P

d

c

f

b

, with parameters as defined in Subclause 7.1.1. If the PUSCH transmission is scheduled by DCI format 0_1 and when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook', the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the 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' or ‘noncodebook’, the UE splits the resulting power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 
----------------------------------------------------------------------------
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7.1
Physical uplink shared channel

For a PUSCH transmission on active UL BWP 
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, with parameters as defined in Subclause 7.1.1. If the PUSCH transmission is scheduled by DCI format 0_1 and when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook', the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the the maximum number of SRS ports in one SRS resource supported by the UE; and splits the resulting scaled power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 
----------------------------------------------------------------------------

Offline proposals:
To confirm the working assumption with the following modification
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)
· UE specific P0 is set to 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.
Offline proposals:
Text proposal for TS38.213
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7.2.1  UE behaviour

<Unchanged part omitted>
-
If a configuration of a 
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 value for a corresponding PUCCH power control adjustment state 
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 for active UL BWP 
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 of carrier 
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 is provided by higher layers, 
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If the UE is provided PUCCH-SpatialRelationInfo, the UE determines the value of 
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 based on a pucch-SpatialRelationInfoId value associated with the p0-PUCCH-Id value corresponding to 
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 and with the closedLoopIndex value corresponding to 
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 is the TPC command value indicated in a random access response grant corresponding to a PRACH transmission or in a first DCI format 1_0 or DCI format 1_1 associated with the PUCCH transmission that the UE detects in a PDCCH reception in a search space set provided by recoverySearchSpaceId, otherwise,  
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 of carrier 
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, and, 
if the UE transmits PUCCH, 
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otherwise, 
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 is provided by higher layers and corresponds to the total power ramp-up requested by higher layers from the first to the last preamble for active UL BWP 
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 of carrier 
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<Unchanged part omitted>
2 Remaining issues on UL power control in non-CA aspects
2.1 Power scaling
In the current 38.213 [2], power scaling factor maintains the same scheme as LTE for PUSCH transmission as follows. It was argued that ‘the number of configured antenna ports for the PUSCH transmission scheme’ is unclear, as there is no signaling to indicate the number of antenna ports for PUSCH transmission. 
	For a PUSCH transmission on active UL BWP 
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, as described in Subclause 12, of carrier 
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, a UE first scales a linear value 
[image: image42.wmf])

,

,

,

(

ˆ

,

,

,

PUSCH

l

j

i

P

d

c

f

b

q

 of the transmit power 
[image: image43.wmf])

,

,

,

(

,

,

,

PUSCH

l

q

j

i

P

d

c

f

b

, 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 conclusions were made 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.


2.1.1 For PUSCH transmission
For codebook based PUSCH transmission
Huawei, ZTE, vivo, CATT, OPPO, Ericsson provided their opinions as follows on this topic.
· 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'. Huawei, Ericsson, vivo, OPPO
· 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'. ZTE, CATT(R1-1812599)
· The PUSCH power scaling for MIMO in section 7.1 of 38.213 should be removed if no consensus is made. CATT
Besides, vivo also pointed out that, for single antenna port PUSCH transmission power scaling, no specification work is needed. 
Tentative Alternatives:
· Alt 1: 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 2: 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 3: The PUSCH power scaling for MIMO in section 7.1 of 38.213 should be removed if no consensus is made. 
Proponents’ views are collected in the following table:
	Companies
	Views
	Comments/Further clarification

	ZTE
	Alt2
For single port transmission, the ratio in the first step of power scaling shall be 1. (i.e., full power transmission is possible for this case)
	Configurable and flexible. 
Taking into account that, if “nrofSRS-Ports” = “the maximum number of SRS ports”, Alt2 is the same as Alt1; but, if “nrofSRS-Ports < the maximum number of SRS ports”, one port for PUSCH can be virtualized by more than one PA, which can be up to UE for guaranteeing UL coverage/performance, e.g., 2 antenna ports/PAs are virtualized as one port for PUSCH, through transparent diversity schemes such as small cyclic delay diversity.
Notice that, for DCI format 0_0, the coverage of the scheduled single-port PUSCH is very important, but, if going with Alt-1, multi-PA virtualization is not allowed. Here, 3 or 6-dB loss is observed.

	Intel
	Alt1
	Alt2 is not aligned with the agreement. For a 2-port UE, gNB can still configure 1 port SRS, but this does not mean UE can support full power transmission for this case. There is no UL open-loop scheme defined in Rel-15. So what UE should do it to select 1 antenna to use.

	OPPO
	Alt1
	Agree with Intel. With Alt.1, if gNB wants UE to transmit with full power, it can configure the same number of SRS ports as the maximum number of SRS ports in one SRS resource supported by the UE. Otherwise, UE may not transmitted with full power.

	vivo
	Alt1
	For example UE has 4Tx and each per PA with maximum 17dBm transmission power, network only configures 2 SRS antenna ports in SRS resource set for codebook transmission, if Alt 2 is agreed, that means per PA with maximum 20dBm transmission power is required for the UE, which is unacceptable.

	Samsung
	Alt1
	


Feature-Lead recommendation: 4 companies support Alt-2, 1 companies support Alt-1 and full power transmission for PUSCH scheduled by DCI format 0_0. One offline proposal is provided as follows.
Proposals: 
· For codebook transmission, the ‘number of configured antenna ports for the transmission scheme’ in Section 7.1 in TS38.213 is replaced as “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'”

· For PUSCH scheduled by DCI format 0_0, the ratio of power scaling for the PUSCH transmission is 1.
For non-codebook based PUSCH transmission
Huawei, ZTE, vivo, CATT, OPPO, Ericsson provided their opinions as follows on this topic.
· The ratio in the first step of power scaling should be 1. Huawei, CATT(R1-1812599)
· 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’} ZTE
· No further specification work is needed  vivo
· Alt 6 with modification: the maximum number of SRS resources per SRS resource set with usage set to 'nonCodebook' based on UE capability when the higher layer parameter txConfig in PUSCH-Config is set to ' nonCodebook OPPO
· Either the revised Alt 4 or Alt 6 for PUSCH transmissions made using non-codebook based operation. Ericsson
· Revised Alt 4: “the maximum number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’ supported by the UE with 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 6 – “the supported maximum number of SRS resource per SRS resource set with usage set to 'nonCodebook' ”
· The PUSCH power scaling for MIMO in section 7.1 of 38.213 should be removed if no consensus is made. CATT
Tentative Alternatives:
· Alt 1: The ratio in the first step of power scaling should be 1
· Alt 2: 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’}
· Alt 3: the supported maximum number of SRS resource per SRS resource set with usage set to 'nonCodebook'
· Alt 4: Revised Alt 4: “the maximum number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’ supported by the UE with 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: No further specification work is needed
· Alt 6: The PUSCH power scaling for MIMO in section 7.1 of 38.213 should be removed if no consensus is made. 
Proponents’ views are collected in the following table:
	Companies
	Views
	Comments/Further clarification

	ZTE
	Alt2
	It is due to the fact 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, and consequently minimum of them is preferable.

	Intel
	Alt5
	It looks Alt1-Alt4 cannot define this issue well. 
Maximum number of configured SRS resource does not mean number of RF chains

Maximum number of simultaneous SRS resource does not mean number of RF chains either.

For NCB, the precoder is up to UE implementation, therefore the power scaling should be up to UE. 

	OPPO
	Alt3 or Alt6
	In our understanding, the maximum number of SRS resources supported by UE may reflect the number of RF chains at UE. On the other hand, we agree that the precoder and power scaling is up to UE implementation for NCB, and the wording in 38.213 for power scaling should only be applied to codebook based. As we know, it is consistent with the CR from vivo and the view from CATT/Intel.
In current 38.213, the power scaling is applied to both CB and NCB. No specification work means the power scaling is always needed, but not up to UE implementation for NCB. 

	vivo
	Alt5
	For Alt1, Alt2 and Alt3, for example the maximum number of simultaneously transmitted SRS resources in one symbol is 4 and the number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’ is 2, all alternatives requires more PA output power.
For Alt4, it is up to UE implementation to map one SRS port to one or more Tx chains, there is no need to introduce such restriction.
Therefore, we prefer to leave it to UE implementation.

	Samsung
	Alt5
	


Feature-Lead recommendation: 3 companies support Alt-5, 1 company supports Alt-2, and 1 companies supports Alt-3. One offline proposal is provided as follows.
Proposals: For non-codebook transmission, down-select the following alternatives:
· Alt 1: The ratio in the first step of power scaling, i.e., “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”, should be removed, i.e., power scaling factor = 1

· Alt 2: The ‘number of configured antenna ports for the transmission scheme’ in Section 7.1 in TS38.213 is replaced as 
·  Alt2-1 ‘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’}’
· Alt 2-2: the supported maximum number of SRS resource per SRS resource set with usage set to 'nonCodebook'

· Alt2-3: “the maximum number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’ supported by the UE with 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 3: No further specification work is needed
2.1.2 For SRS transmission
SRS power scaling
Both ZTE and Ericsson discussed that the clarification of per-PA full power capacity for all PA in the UE for Rel-15 NR SRS power scaling is needed.
Tentative proposal:
· 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
Proponents’ views are collected in the following table:
	Companies
	Views
	Comments/Further clarification

	ZTE
	Support
	But, we can live with no further clarifications on this issue.

	Intel
	Support
	To have a conclusion that full power capacity per PA is not required is good

	OPPO
	
	We don’t think any further clarification is needed.

	Vivo
	Support
	Agree with this clarification, but no further specification work.

	Samsung
	Support
	No further specification work


In addition, Ericsson proposed the following clarifications.
· Clarify the intrainter SRS resource set power scaling: 
· The antenna ports from SRS resource set [image: image45.png]s



, transmitted in transmission period i, are transmitted with the power i,[image: image47.png]s
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· Consider the following designs of i,[image: image50.png]s



  
· Specify i,[image: image52.png]s



  based on UE capability (similar to as discussed for PUSCH power scaling)
· Specify i,[image: image54.png]s



  based on the SRS resource set’s corresponding SRS-SetUse.
· Clarify the inter SRS resource set power scaling.
Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	ZTE
	No further spec changes are needed, due to the fact that it is hard to determine whether the port of one SRS resource is real antenna port or virtual one, like SRS used for non-codebook transmission. 
Whether or how to scale power once reaching per-PA maximum power can be up to UE implementation, taking into account that it is very late for Rel-15 now.

	Intel
	We think a conclusion is enough

	OPPO
	Agree with ZTE

	Samsung
	No further clarification


Feature-Lead recommendation: 4 companies support the proposal, but 1 company thinks the clarification is not needed. But, all companies support no-further spec changes are need. So, let’s go with the majority views.

Proposals: 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

· Note: There is no additional RAN1 specification impact for SRS power scaling in Rel-15.
2.2 PUCCH power control 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.


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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Some companies provide their views as follows
CATT, Samsung proposed the above working assumption should be confirmed. 
Qualcomm proposed to confirm the WA with FFS item removed.
Motorola proposed to confirm the WA in RAN1#94-Bis with the following modifications:
· If the spatial filter for PRACH transmission for BFR is included in the set of configured PUCCH-SpatialRelationInfo, then use the corresponding open-loop and closed-loop PUCCH power control parameters. In addition, do not reset the corresponding CL-PC. 
· If the spatial filter for PRACH transmission for BFR is not included in the set of configured PUCCH-SpatialRelationInfo, then use a fall-back PUCCH PC setting with P0 =0dBm and closed-loop index l=0. In addition, reset this CL-PC. 
UL power control parameters for PUCCH transmission after gNB response
	· 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


Regarding whether the above approach for UL power control in WA should be modified or not, we have the following alternatives according to Motorola’s proposals.
Tentative proposal:
Alt 1: PUCCH transmission shall use the following UL power control parameters after successfully receiving gNB response for BFR,
· If the spatial filter for PRACH transmission for BFR is included in the set of configured PUCCH-SpatialRelationInfo, then use the corresponding open-loop and closed-loop PUCCH power control parameters. In addition, do not reset the corresponding CL-PC. 
· If the spatial filter for PRACH transmission for BFR is not included in the set of configured PUCCH-SpatialRelationInfo, then use a fall-back PUCCH PC setting with P0 =0dBm and closed-loop index l=0. In addition, reset this CL-PC.
Alt2: No further modification for UL power control parameters as in WA is needed, i.e.,
PUCCH transmission shall use the following UL power control parameters after successfully receiving gNB response for BFR,
· P0 is given by the values corresponding p0setindex =0 of p0-pucch-set (i.e., q_u=0)
· 
[image: image60.wmf])
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 is calculated according to one DL RS associated with the PRACH transmission. 
· Closed loop index l=0
Proponents’ views are collected in the following table:
	Companies
	Views
	Comments/Further clarification

	ZTE
	Alt 2
	Alt1 is optimization solution, and meanwhile it does not make sense that the UE behavior should depend on the condition whether spatial filter for PRACH transmission for BFR is included in the set of RRC configured PUCCH-SpatialRelationInfo pool or not (which can be also out of date).
· UL power control for PUCCH is only maintained for activated spatial relation info rather than any entries of the set. Does it mean that, if going with Alt-1, gNB should always maintain any UL power control parameters by RRC always rather than depending on requirements?
Besides, using a fall-back PUCCH PC setting with P0 =0dBm is very crazy. After BFR, UE is still in RRC CONNECT mode and previous configuration is still available unless some overwriting rules are provided in RAN1 spec.

	Intel
	Alt 2
	Alt1 is not aligned with BFR agreements.

	OPPO
	Alt.2
	

	vivo
	
	Neither of above alternatives is supported. Firstly, we can accept to just confirm the working assumption after MIMO session has confirmed the associated working assumption. Secondly, further discuss the FFS and notes parts.

	Motorola Mobility, Lenovo
	Alt 1
	For OL and CL configuration, The P0 value corresponding p0setindex=0 of p0-pucch-set (i.e., q_u=0) is associated with some of previously configured PUCCH beams, and may or may not be relevant to a newly selected beam during the BFR procedure. Similarly, the closed-loop power control process with index 0, i.e. l=0, might have been associated with different beams from the newly selected beam, and the existing CL-PC process may not be relevant to the newly selected beam.  Alt1 uses the previously configured PC parameters, if the newly selected beam during the BFR is one of the previously configured PUCCH beams. Otherwise, it falls back to the default value, i.e. P0 = 0 dBm as agreed for PUCCH before initial RRC configuration, since all entries of the previous/current p0-pucch-set are out of date.  This can avoid potential mismatches between the previously configured PC parameters and a newly selected PRACH beam. 

Open-loop parameters for all PUCCH beams are simply configured, and the previous RRC configuration is still available after completion of BFR. For pathloss estimation and CL-PC accumulation, the UE maintains all pathloss reference and closed-loop that are configured for that BWP / serving cell. Activated PUCCH beam for a particular PUCCH resource only indicates which PL reference and CL-PC index to apply in the corresponding PUCCH resource (and a PUCCH resource for HARQ-ACK can dynamically change). Thus, Alt1 & Alt2 have no difference in terms of complexity, and both are aligned with BFR agreements that a UE uses a same spatial filter as a PRACH transmission for BFR in PUCCH transmission until the UE receives an activation or reconfiguration of spatial relation of the PUCCH resource. 

For clarification, Alt-1 also includes the following statement regarding the pathloss estimate

-
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 is calculated according to one DL RS associated with the PRACH transmission.

	QC
	Alt2
	


Feature-Lead recommendation: 4 companies support Alt-2, 1 company supports Alt-1, and 1 company supports whether the WA can be confirmed based on the final conclusion on BFR session. Taking into account that we need to provide solution for initial value for PUCCH closed loop process after gNB response, down-selecting the following alternatives is necessary.
Proposals: Down-select the following alternatives

· Alt1: To support the following solution
	PUCCH transmission shall use the following UL power control parameters after successfully receiving gNB response for BFR,
· If the spatial filter for PRACH transmission for BFR is included in the set of configured PUCCH-SpatialRelationInfo, then use the corresponding open-loop and closed-loop PUCCH power control parameters. In addition, do not reset the corresponding CL-PC. 

· If the spatial filter for PRACH transmission for BFR is not included in the set of configured PUCCH-SpatialRelationInfo, then use a fall-back PUCCH PC setting with P0 =0dBm and closed-loop index l=0. In addition, reset this CL-PC.


· Alt 2: No further modification for the following UL power control parameters as agreed in WA is needed.
	· P0 is given by the values corresponding p0setindex =0 of p0-pucch-set (i.e., q_u=0)
· 
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· Closed loop index l=0


For FFS item on CBRA
CATT, Samsung, Motorola, Qualcomm provided their opinions for FFS item for CBRA application.
Tentative proposal:
· Alt 1: The framework could not apply to CBRA.
· Alt 2: The framework could apply to CBRA
· Alt 3: Wait for MIMO-BRF decision on CBRA
Proponents’ views are collected in the following table:
	Companies
	Views
	Comments/Further clarification

	CATT
	Alt 1
	

	Samsung
	Alt 2
	

	Motorola Mobility, Lenovo
	Alt 2
	

	ZTE
	Alt 3
	This FFS bullet is from WA on beam recovery, and consequently whether any UL power control approach on CBRA is needed is up to further decision in MIMO-beam recovery session. 

	Intel
	Alt 3
	

	OPPO
	Alt 2
	

	vivo
	Alt 1
	We prefer to design a common framework for CBRA for BFR and CBRA for initial access. For CBRA for BFR, at least P0 value can be different from CFRA.

	
	
	


Feature-Lead recommendation: 2 companies support Alt-1, 3 companies support Alt-2, and 2 companies support Alt-3. So, it is suggest to wait for final agreement on this BFR issue in MIMO session. 
For initialization of closed loop power control
According to TS38.213 [2], 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 this has not been reflected in the current 38.213[2]. Both ZTE and Samsung proposed to refine the initialization of closed loop power control as follows.
ZTE: 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.
Samsung: When a PUCCH transmission uses a same spatial filter as a PRACH transmission for BFR, the initial value of the closed-loop process is set to gb,f,c(0, l) = ΔPrampup,b,f,c + δb,f,c where δb,f,c is the TPC command value indicated in DCI format 1_0 or DCI format 1_1 that UE detects in a search space set provided by recoverySearchSpaceId and the same applies for the initial value of the closed-loop processes for PUSCH and SRS.
According to the views of two proponents, the only difference is whether only PUCCH which is in response to DCI format 1_0 or DCI format 1_1 should be considered or not. Therefore, we have the following tentative proposal, where Alt 1-1 is to reflect the current proposal from Samsung.
Tentative proposal:
For PUCCH transmission:
Alt 1: For the first PUCCH transmission from the time instance that a PUCCH transmission uses a same spatial filter as a PRACH transmission for BFR (i.e., K symbols after successfully receiving gNB response for BFR), the closed loop of PUCCH should be initialized 
- 

(Alt1-1): as the sum of ramp-up power and TPC command from a DCI format 1_0 or DCI format 1_1 if the PUCCH transmission is in response to the DCI format 1_0 or DCI format 1_1 that UE detects in a search space set provided by recoverySearchSpaceId, 
- 

(Alt1-2): as the ramp-up power if the PUCCH transmission is NOT in response to the DCI format 1_0 or DCI format 1_1 that UE detects in a search space set provided by recoverySearchSpaceId
Alt2: Other proposals
Proponents’ views are collected in the following table:
	Companies
	Views
	Comments/Further clarification

	ZTE
	Alt 1
	Taking into account that there is not restriction that the first PUCCH transmission from K symbols after successfully receiving gNB response for BFR should always be in response to DCI format 1_0 or DCI format 1_1 for the perspective of beam recovery session, one general solution should handle both cases that PUCCH transmission is or is NOT in response to DCI format 1_0 or DCI format1_1. 

	Intel
	Alt 2
	No change is needed

	vivo
	
	No change is needed.

	Samsung
	Alt1
	

	Motorola Mobility, Lenovo
	
	Need to clarify which of the two PUCCH CL-PC to reset

If the PRACH beam (i.e., the fall-back beam for PUCCH) is among the configured PUCCH beams, then the corresponding CL-PC should be used without resetting.  


Feature-Lead recommendation: 2 companies support Alt-1, 2 companies support “No change is needed”, and 1 companies support the condition of “whether the PRACH beam is the same as corresponding PUCCH beams or not”. 
Taking into account that the there is no clear Msg2 for beam failure recovery, some clarifications on this is needed.
Section 7.1.2 in TS 38.213

	-
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 is the TPC command value indicated in a random access response grant corresponding to a PRACH transmission on active UL BWP 
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if the UE transmits PUCCH, 
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otherwise, 
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 is provided by higher layers and corresponds to the total power ramp-up requested by higher layers from the first to the last preamble for active UL BWP 
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Meanwhile, after K symbols from successfully receiving gNB response, the first PUCCH transmission can be SP-PUCCH after beam recovery, or one PUCCH in response to the DCI format 1_0 or DCI format 1_1 which the PUCCH is in response to.
	Section 6 Link recovery procedure in TS 38.213
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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Taking into account the either ways of going with current spec or the recommended approach from Moto, we need to have the conclusion on the initial value for closed loop process after BFR.
Proposals: Down-select the following alternatives

Alt 1: For the first PUCCH transmission from the time instance that a PUCCH transmission uses a same spatial filter as a PRACH transmission for BFR, the closed loop of PUCCH should be initialized 
- 

as the sum of ramp-up power and TPC command from a DCI format 1_0 or DCI format 1_1 if the PUCCH transmission is in response to the DCI format 1_0 or DCI format 1_1 that UE detects in a search space set provided by recoverySearchSpaceId, 
- 

as the ramp-up power if the PUCCH transmission is NOT in response to the DCI format 1_0 or DCI format 1_1 that UE detects in a search space set provided by recoverySearchSpaceId
Alt 2: No further changes are needed. 
If the recommended approach from Moto has been agreed, let’s down-select the following for the case of no requirements of resetting closed loop process.
Proposals: Down-select the following alternatives

Alt 1: If the PRACH beam (i.e., the fall-back beam for PUCCH) is among the configured PUCCH beams, then the corresponding CL-PC should be used without resetting. 
Alt 2: No further changes are needed. 
[Feature-Lead recommendation]: For PUSCH and SRS, some further discussion on whether or how to reset their closed loop processes can be made after the consensus on PUCCH is reached
Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	Intel
	No further optimization is needed

	Samsung
	Same applies for PUSCH and SRS

	
	

	
	


2.3 SRS power control to support 1T4R antenna switching with two SRS resource sets
vivo raised a potential problem: for SRS 1T4R antenna switching with two SRS resource sets, based on current specification, same power control parameters are configured, but close loop power control may be updated in the second SRS resource set. Therefore, same transmission power for each SRS resources within the two SRS resource sets cannot be guaranteed. 
Vivo also provide a proposal and the corresponding CRs as follows:
· For SRS power control for 1T4R antenna switching with two SRS resource sets, the updating from ‘i-1’ to ‘i’ occurs at the beginning of first SRS resource transmission in the two SRS resource sets. 
CRs:
38.213
-
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, or if srs-PowerControlAdjustmentStates indicates separate power control adjustment states between SRS transmissions and PUSCH transmissions, and tpc-Accumulation is provided, and the UE detects a DCI format 2_3 [image: image82.wmf]min
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 symbols before a first symbol of SRS transmission occasion [image: image83.wmf]i

 for one SRS resource set or two SRS resource sets which are configured with ‘1T4R’ and the usage in SRS-ResourceSet set as 'antennaSwitching', where absolute values of 
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 are provided in Table 7.1.1-1
-
if srs-PowerControlAdjustmentStates indicates a same power control adjustment state for SRS transmissions and PUSCH transmissions, the update of the power control adjustment state for SRS transmission occasion 
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 occurs at the beginning of each SRS resource in the SRS resource set 
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; otherwise, the update of the power control adjustment state SRS transmission occasion 
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 occurs at the beginning of the first transmitted SRS resource in the SRS resource set 
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 or in the two SRS resource sets which are configured with ‘1T4R’ and the usage in SRS-ResourceSet set as 'antennaSwitching'. 
38.214
-
For 1T4R, zero or two SRS resource sets each configured with higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic' and with a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in given two sets is associated with a different UE antenna port. The two sets are each configured with two SRS resources, or one set is configured with one SRS resource and the other set is configured with three SRS resources. The UE shall expect that the two sets are both configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates in SRS-ResourceSet. The UE shall expect that the close loop process updating time of the two sets occurs at the beginning of the first SRS resource transmission within the two sets. The UE shall expect that the value(s) of the higher layer parameter aperiodicSRS-ResourceTrigger in each SRS-ResourceSet are the same, and the value of the higher layer parameter slottOffset in each SRS-ResourceSet is different. Or, 
Tentative Alternatives:
Alt1: For SRS power control for 1T4R antenna switching with two SRS resource sets, the updating from ‘i-1’ to ‘i’ occurs at the beginning of first SRS resource transmission in the two SRS resource sets.
Alt2: No further changes in the spec
Proponents’ views are collected in the following table:
	Companies
	Views
	Comments/Further clarification

	vivo
	Alt1
	This is not an implementation issue or optimization. If identical power cannot be guaranteed, it will lead to CSI measurement problem. In addition, why we define same power control parameters for the two SRS resource sets for 1T4R antenna switching?

	ZTE
	Alt2
	Current spec is clear, and the SRS power control for 1T4R can be well handled by gNB separate configurations/controls for two corresponding resource sets. No further changes are needed.

	Intel
	Alt2
	This is an optimization

	OPPO
	Alt2
	Agree with ZTE

	
	
	


Feature-Lead recommendation: 3 companies support Alt-2, and 1 company supports Alt-1. Majority views are “No further changes in the spec”.

2.4 BPRE, i.e., whether X = 1 or X = beta_CSI
In last meeting, the definition of BPRE in ΔTF,b,f,c (i) for UCI-only PUSCH transmission was discussed, and an agreement was reached as follows.
	Agreement 
To determine ΔTF,b,f,c (i) for UCI-only PUSCH, correct BPRE = OCSI/NRE to BPRE = Qm∙R/X where R is the code rate of the PUSCH, determined according to Subclause 6.1.4.1 of [6, TS38.214], and Qm is the modulation order of the PUSCH.
· FFS: X=1 or X=beta_CSI


Noted that X is FFS. CATT, Qualcomm, and Samsung provide their opinions in this meeting. The difference for these two alternative is that 
· BPRE (Alt-1) is defined according to effective code rate, where B denotes the number of real CSI-only bits.

· BPRE (Alt-2) is defined as the effective code rate, but where B denotes the number of all bits generated according to the weighting function beta_CSI for different UCI types (Alt-2).
Tentative Alternatives:
Alt 1: X= beta_CSI
Alt 2: X=1
Proponents’ views are collected in the following table:
	Companies
	Views
	Comments/Further clarification

	CATT
	Alt1
	

	Qualcomm
	Alt1
	Note in ZTE’s comments, beta^PUSCH =beta^RI/beta^CSI =1 as further described in 36.212 below the equation. if we consider RI as CSI part 1. As a result, alt1 is consistent with LTE.

	Samsung
	Alt2
	

	ZTE
	
	If we are on the same page that the LTE solution for this issue is right, the simple way for making progress is just to make it align with LTE.

[image: image89.wmf](

)

(

)

(

)

(

)

PUSCH

symb,all

PUSCH1

CSI-1CSI-1offset

UCI

CSI-1scACK

0

CSI-1CSI-1

_1

PUSCH

CSI-1

offset

PUSCH

CSI-1CSI-1offset

_2

CSI

NR: min,

=

=

1

N

l

m

m

NRAlt

m

NRAlt

OL

QMlQ

RQ

OL

RQ

BPRE

Q

X

OL

RQ

BPRE

XQ

b

b

b

-

=

-

-

ìü

éù

+×

ïï

¢¢

=-

êú

íý

×

êú

ïï

êú

îþ

+

×

=

¢

=

+

×

=

¢

=

å

-1

PUSCH

offset

PUSCH

Q

offset

:min,4

PUSCHPUSCH

scsymb

PUSCH

sc

CQIMIN

CI

LTE

RE

OMN

LTEQM

O

O

O

BPRE

NQ

b

b

-

ìü

éù

×××

ïï

¢

=×

êú

íý

êú

ïï

êú

îþ

×

==

¢



	Intel
	Alt2
	


Proposals: Down-select the following alternatives
Alt 1: X= beta_CSI
Alt 2: X=1
2.5 PL reference in case of BWP switching
Samsung proposed that when a UE switches to a new BWP, it has not had a DL PL measurement on the new active BPW. So using the PL measurement from the old BWP is the most reasonable option and the easiest for the UE. The proposal is as follows.
· When a UE switches between an old DL BWP and a new DL BWP and until the UE performs PL measurement in the new DL BWP, the UE uses the PL measurement from the old BWP.
Proponents’ views are collected in the following table:
	Companies
	Views
	Comments/Further clarification

	ZTE
	Support
	This should be specified.

	Intel
	
	No change is needed

	vivo
	Support
	

	Samsung
	Support
	

	Motorola Mobility, Lenovo
	
	Leave to UE implementation.

No new behavior needed for PL references that are configured for both the old BWP and the new BWP.


Feature-Lead recommendation: 3 companies support the proposals, and 2 companies not. Some further offline discussion is needed.

2.6 P0_Nominal for Msg3
The following agreement was made in the previous meeting to define default P0 values for PUSCH, PUCCH, and SRS, since the corresponding RRC parameters are optional in TS 38.331[3] and may not be configured to the UE. 

[image: image90]
Motorola proposed that, per TS 38.213 [2], P0_nominal for msg3 is in turn composed of two higher layer parameters preambleReceivedTargetPower and msg3-DeltaPreamble, The higher layer parameters msg3-DeltaPreamble is optional RRC parameter without default values in TS 38.331. [3]. 
	Reason for change:
	Capturing a default for the value of msg3-DeltaPreamble for PUSCH Msg3. The higher layer parameters msg3-DeltaPreamble is optional RRC parameter without default values in TS 38.331. Default values are needed in case the parameter is not configured to the UE. 

	
	

	Summary of change:
	Providing 0dB as a default value for msg3-DeltaPreamble in endorsed editors’ CR in R1-1812092

	
	

	Consequences if not approved:
	UE PUSCH power control will not work properly if the optional RRC parameter for P0_nominal for Msg3 is not provided.


Therefore, the following CR are proposed as follows.
------------------------------------------------------------------------
7.1.1
UE behaviour
<Unchanged parts are omitted>
-
If a UE is not provided P0-PUSCH-AlphaSet or for a PUSCH transmission scheduled by a RAR UL grant as described in Subclause 8.3, 
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<Unchanged parts are omitted>
-------------------------------------------------------------------------
Proponents’ views are collected in the following table:
	Companies
	Views
	Comments/Further clarification

	ZTE
	Support
	

	Samsung
	Support
	

	Motorola Mobility, Lenovo
	Support
	

	
	
	

	
	
	


Proposals: Adopt the following TP in Section 7.1.1 in TS 38.213

------------------------------------------------------------------------

7.1.1
UE behaviour

<Unchanged parts are omitted>

-
If a UE is not provided P0-PUSCH-AlphaSet or for a PUSCH transmission scheduled by a RAR UL grant as described in Subclause 8.3, 
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<Unchanged parts are omitted>

-------------------------------------------------------------------------
2.7 Number of CL PC processes maintained at the PHY
A conclusion was made as follows on whether the following clarification is needed.
	For further discussion in RAN1#95
Whether specification clarification is needed on the number of closed-loop PC processes maintained at the physical layer. 


Both CATT and Samsung pointed out that no further clarification is needed for the number of closed-loop power control processes of a UE. 
· In Rel-15, at a given time, only single BWP is activated and the UE has up to 2 CL PC processes for PUSCH and PUCCH and up to 3 CL PC processes for SRS. Also, a CL PC process is either reset or maintained when the UE switches UL BWP (depending on re-configuration of higher layer parameters). Therefore there is no need for a UE to maintain a CL PC process in each UL BWP. TS 38.213 clearly captures this and no further clarification is needed.
But, Motorola proposed specification should capture RAN1 agreements on the number of closed-loop PC processes maintained at the physical layer. 
Tentative Alternatives:
Alt 1: No further spec changes are needed
Alt 2: The number of closed-loop PC processes maintained at the physical layer should be clarified in spec
Proponents’ views are collected in the following table:
	Companies
	Views
	Comments/Further clarification

	CATT
	Alt 1
	

	Samsung
	Alt 1
	

	Motorola Mobility, Lenovo
	Alt 2
	Based on offline discussion in RAN1#94-Bis, there seems to be different understanding of the current specifications, so at least we need to clearly the current specification. 

The following figure can help clarify the issue:
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To calculate CL-PC accumulation for transmission occasion [i] on UL-BWP-1:

· Per current spec, use CL-PC information from transmission occasion (i-i0) on UL-BWP-1, which would mean maintaining separate CL-PC even after BWP switching, so a total of up to [2 SUL] * [4 BWP] * [2 CL-PC per BWP per uplink] = 16 CL-PC per serving cell for PUSCH/PUCCH (and up to 24 CL-PC per serving cell for SRS) need be maintained at the UE. 

 “
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· Per RAN1 agreements: use CL-PC information from transmission occasion (i-i0) on UL-BWP-2, which would mean maintaining only 2 CL-PC per serving cell even after BWP switching. This is per RAN1 agreements in RAN1#90-Bis and RAN1#91, and needs to be captured. 

	ZTE
	Alt 1
	

	OPPO
	Alt.1
	

	vivo
	
	As companies have different views on the number of CL processes maintained by the UE, we suggest achieving a conclusion on this issue first. Then further check whether specification work is needed. 


Feature-Lead recommendation: This issue has been discussed for several meeting, but no consensus: some companies (4) think the current spec is clear and aligned with the previous agreement, but some companies (1 or 2) not. For the perspective of spec, UE behavior for maintaining or resetting closed loop process is clear. 
3 Conclusion
Based on the summary of both remaining issues and main views from companies’ contributions [4]~[12] for UL power control in non-CA aspects, the following proposals can be considered.
4 References
[1]. Chairman notes, 3GPP RAN1#94b
[2]. R1-1812092 draft CR 38.213
[3]. TS 38.331, “NR, Radio Resource Control (RRC)”, Rel. 15, v15.3.0 CR, October 2018.
[4]. R1-1812186, Discussion on UE power control, Huawei, HiSilicon
[5]. R1-1812269, Draft CR on UL power control
, ZTE
[6]. R1-1812292
, Draft CR on UL power control, vivo
[7]. R1-1812608
, Remaining issues of NR power control, CATT
[8]. R1-1812805
, Maintenance for UL power control, OPPO
[9]. R1-1812964
, Remaining Issues on UL Power Control, Samsung
[10]. R1-1813352
, Maintenance for UL power control
, Motorola Mobility, Lenovo
[11]. R1-1813403
, Maintenance for NR power control
, Qualcomm Incorporated
[12]. R1-1813477
Remaining issues on UL power control
Ericsson
Agreement (RAN1 #94-Bis)


If P0_nominal is not configured for PUSCH with grant, PUSCH without grant or SRS, 


P0_nominal for PUSCH with grant, PUSCH without grant or SRS is P0_nominal for msg3


If P0_nominal is not configured for PUCCH


P0_nominal for PUCCH is 0dBm











_1603627407.unknown

_1603745086.unknown

_1603745095.unknown

_1603745099.unknown

_1603745101.unknown

_1603745103.unknown

_1603745105.unknown

_1603745627.unknown

_1603745104.unknown

_1603745102.unknown

_1603745100.unknown

_1603745097.unknown

_1603745098.unknown

_1603745096.unknown

_1603745090.unknown

_1603745093.unknown

_1603745094.unknown

_1603745091.unknown

_1603745088.unknown

_1603745089.unknown

_1603745087.unknown

_1603627423.unknown

_1603745079.unknown

_1603745082.unknown

_1603745084.unknown

_1603745085.unknown

_1603745083.unknown

_1603745080.unknown

_1603745081.unknown

_1603627427.unknown

_1603627431.unknown

_1603627433.unknown

_1603627434.unknown

_1603627435.unknown

_1603627432.unknown

_1603627429.unknown

_1603627430.unknown

_1603627428.unknown

_1603627425.unknown

_1603627426.unknown

_1603627424.unknown

_1603627415.unknown

_1603627419.unknown

_1603627421.unknown

_1603627422.unknown

_1603627420.unknown

_1603627417.unknown

_1603627418.unknown

_1603627416.unknown

_1603627411.unknown

_1603627413.unknown

_1603627414.unknown

_1603627412.unknown

_1603627409.unknown

_1603627410.unknown

_1603627408.unknown

_1603627389.unknown

_1603627397.unknown

_1603627403.unknown

_1603627405.unknown

_1603627406.unknown

_1603627404.unknown

_1603627401.unknown

_1603627402.unknown

_1603627400.unknown

_1603627398.unknown

_1603627399.unknown

_1603627393.unknown

_1603627395.unknown

_1603627396.unknown

_1603627394.unknown

_1603627391.unknown

_1603627392.unknown

_1603627390.unknown

_1602224315.unknown

_1602224319.unknown

_1602224321.unknown

_1602224323.unknown

_1602224325.unknown

_1602224326.unknown

_1602224324.unknown

_1602224322.unknown

_1602224320.unknown

_1602224317.unknown

_1602224318.unknown

_1602224316.unknown

_1602223916.unknown

_1602223918.unknown

_1602223919.unknown

_1602223917.unknown

_1234567892.unknown

_1602223915.unknown

_1234567893.unknown

_1234567891.unknown

