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Introduction
[bookmark: _Ref178064866]In this document we discuss some remaining issues for finalising NR power control specifications.
[bookmark: _GoBack]Discussion
Power Control for Rel15 NR-NR DC
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According to [4] agreed in RAN#80, specification work for NR-NR DC case with MCG fully in FR1 and SCG fully in FR2 needs to be completed by Dec’18.  

Considering the power control aspects for this case, according to current RAN4 specifications, UE power limts for FR1 (specified in 38.101-1) and FR2 (specified in 38.101-2) are different, and there is no common power limit shared by UE transmissions across these frequency ranges. Given this, when MCG is fully in FR1 and SCG is fully in FR2, a power sharing mechanism between MCG and SCG need not be specified. For power control of serving cells within MCG and SCG respectively, the procedures described in section 7 of 38.213 other than sub clause 7.6.1 can be directly applied. We propose that RAN1 conclude on the above aspect and send a LS to RAN4 to confirm the conclusions. 

Proposal 1
· Send LS to RAN4 to confirm the below conclusion.
· From RAN1 perspective, for NR-NR DC when MCG is fully in FR1 and SCG is fully in FR2, a power sharing mechanism between MCG and SCG need not be specified.
Conditions for limiting the accumulation of closed loops

For PUSCH power control, the following is specified in TS 38.213· 






If the UE has reached  for UL BWP  of carrier  of serving cell , the UE does not accumulate positive TPC commands for UL BWP  of carrier  of serving cell .
· 





If UE has reached minimum power for UL BWP  of carrier  of serving cell , the UE does not accumulate negative TPC commands for UL BWP  of carrier  of serving cell .




Hence, there is just as in LTE a condition that limits the closed loop accumulation when a UE’s power control loop has reached a level that is above (below) the maximum (minimum) output power of the UE. However, with the introduction of beam specific power control, given by , the statement above is ambiguous. It may for instance be so that  whereas . Hence, some power control loops may have reached its maximal power whereas some have not. 

Given this, we propose that the limiting conditions be described with more specific detail for NR as follows. We provided a more detailed analysis and background for the below proposals in [1].

Proposal 2a
· 
[bookmark: _Hlk510732759]For DCI formats 0_0 and 0_1 associated with an UL grant corresponding to a given : 
· 






If the UE has reached  for carrier  of serving cell , for the given , positive TPC commands for carrier  of serving cell  shall not be accumulated for that given .
· 





If UE has reached minimum power for carrier  of serving cell , for the given , negative TPC commands for carrier  of serving cell  shall not be accumulated for that given 
· Closed loop power control for PUCCH given DCI formats 1_0 and 1_1 adopts an analogous solution to DCI formats 0_0 and 0_1 for limiting accumulation
Proposal 2b
· 
Limitation of the closed loop accumulation for PUSCH in the case of DCI format 2_2 should be based on a condition on all  affected by the group common DCI. 
· 

If for all , affected by the TPC command, the condition holds then positive TPC commands should not be accumulated. 
· 

If for all , affected by the TPC command, the condition minimum_power holds then negative TPC commands should not be accumulated. 
· Closed loop power control for PUCCH given DCI format 2_2 adopts an analogous solution to PUSCH given DCI format 2_2 for limiting accumulation

Scaling of PUSCH transmission power for UL-MIMO

For PUSCH power control the following is specified in TS 38.213 section 7.1






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



Given that the UE is configured for a single transmission scheme on PUSCH in Rel-15, 'the number of configured antenna ports for the transmission scheme’ can be interpreted as a) “The number of ports in one SRS resource configured to the UE for codebook or non-codebook based operation” or b) “The number of ports in all SRS resources configured to the UE for codebook or non-codebook based operation c) “The maximum rank that the UE is configured for through maxRank and using non-concoherent TPMIs. Therefore, the above text is ambiguous and needs to be clarified.

In companion contribution [2], we provide a more detailed analysis on this issue and propose the following

Proposal 3 
· 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.

· Agree to the below TP
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>









For PUSCH configured with one antenna port, a UE transmits with power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1. For PUSCH configured with more than one antenna port, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the maximum number of PUSCH layers supported by the UE number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. 
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>>


.
Scaling of SRS transmission power for UL-MIMO

For SRS power control the following is specified in TS 38.213 section 7.3:




For SRS, the linear value  of the transmit power  on UL BWP  of carrier  of serving cell  is split equally across the configured antenna ports for SRS.


In companion contribution [3], we study SRS power scaling details and make the following observations.
· [bookmark: _Hlk521505769]The current SRS power scaling specification is ambiguous in TS 38.213 with respect to how SRS power is split over time, SRS resources, and SRS resource sets.
· Different SRS resource sets utilizing shared SRS resources does not work together with SRS power control per SRS resource set.
· The underlying assumption on a UE’s antenna port capabilities, in terms of maximal transmitted power per antenna port, will have an impact on the PUSCH and SRS power scaling in the UL power control.
· The number of SRS ports and SRS resources transmitted per OFDM symbol for an SRS resource set may vary over the OFDM symbols corresponding to the SRS resource set according to the current specifications  
· An SRS port transmitted over multiple OFDM symbols should keep a constant power over these symbols. 
· The procedure on how to determine the power to be used for transmitting an SRS port in transmission period i should not depend on SRS transmissions outside of transmission period i. 
· The number of SRS resource sets transmitted per OFDM symbol within a transmission period may vary over the OFDM symbols according to the current specifications.  
Considering the above observations, we propose the following. More detailed analysis and example text proposals are given in [3].

Proposal 4
· 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.
· Note: NR rel-16 MIMO WI includes full power capability 
· 
A total power of   should at most be transmitted per OFDM symbol in transmission period i from the transmitted SRS resource set qs. 
· All of the SRS ports transmitted from SRS resource set qs, in transmission period i, are transmitted with the same power per port.
· 
When multiple SRS resource sets are present in transmission period i scale the transmit power of SRS resource set qs such that it is transmitted with power i, where 
·  where s denotes the OFDM symbol index in transmission period i and
·  with 
·  if a transmission corresponding to SRS resource set  is transmitted in symbol s in transmission period i, and
·  if no transmission corresponding to SRS resource set  is transmitted in symbol s in transmission period i. 

Power sharing for NR architecture option 4/4A

Below we provide our view for Option 4/4A power sharing framework taking into account RAN guidance to minimize specification impact.

· P_LTE and P_NR signaling
· P_LTE and P_NR are maximum allowed power values configured on LTE and NR side respectively. 
· These are already specified for EN-DC and can be reused without changes for Option 4/4A
· Dynamic power sharing
· For EN-DC, a UE supporting ‘dynamic power sharing’ capability can scale down/drop NR (SCG) transmissions when power limited. Details of scaling down/dropping are left to UE implementation. 
· Similar capability should be supported for option 4/4A. In this case, the UE should be able to scale down/drop LTE (SCG) transmissions when power limited and the details of scaling/dropping can be left to UE implementation. 
· Semi-static partitioning of LTE and NR UL transmissions
· For EN-DC, Case1-OperationA behavior is supported, where network can restrict LTE UL transmissions to a subset of subframes via RRC signaling on LTE side (i.e., by configuring Case1 reference TDD UL/DL configuration for LTE including LTE FDD Pcell). When such reference configuration is indicated, and when the UE does not support dynamic power sharing, the UE is not expected to make NR transmissions in slots corresponding to UL subframes indicated by the RRC signaling on LTE side (i.e., the UL subframes of Case1 reference TDD UL/DL configuration). 
· Similar framework can be supported for Option4/4A, for UEs not supporting dynamic power sharing, by replicating the changes agreed for LTE Pcell UE behavior to LTE PScell UE behavior.

In summary, we propose the following high-level framework for Option 4/4A power sharing between NR and LTE

Proposal 5
· P_LTE and P_NR signaling defined for EN-DC should be reused for Option 4/4A
· Dynamic power sharing capability should be supported for Option 4/4A
· UE should scale down/drop LTE (SCG) transmissions when power limited, and the details of scaling/dropping can be left to UE implementation.
· For support of semi-static partitioning of LTE and NR UL transmissions similar to Case1-OperationA agreed for EN-DC (for UEs not supporting dynamic power sharing), the changes agreed so far for LTE Pcell UE behavior can be replicated for LTE PScell

Conclusions
In this document, we discuss some remaining issues for finalising the specification of NR power control and propose the following

Proposal 1
· Send LS to RAN4 to confirm the below conclusion.
· From RAN1 perspective, for NR-NR DC when MCG is fully in FR1 and SCG is fully in FR2, a power sharing mechanism between MCG and SCG need not be specified.

Proposal 2a
· 
For DCI formats 0_0 and 0_1 associated with an UL grant corresponding to a given : 
· 






If the UE has reached  for carrier  of serving cell , for the given , positive TPC commands for carrier  of serving cell  shall not be accumulated for that given .
· 





If UE has reached minimum power for carrier  of serving cell , for the given , negative TPC commands for carrier  of serving cell  shall not be accumulated for that given 
· Closed loop power control for PUCCH given DCI formats 1_0 and 1_1 adopts an analogous solution to DCI formats 0_0 and 0_1 for limiting accumulation
Proposal 2b
· 
Limitation of the closed loop accumulation for PUSCH in the case of DCI format 2_2 should be based on a condition on all  affected by the group common DCI. 
· 

If for all , affected by the TPC command, the condition holds then positive TPC commands should not be accumulated. 
· 

If for all , affected by the TPC command, the condition minimum_power holds then negative TPC commands should not be accumulated. 
· Closed loop power control for PUCCH given DCI format 2_2 adopts an analogous solution to PUSCH given DCI format 2_2 for limiting accumulation

Proposal 3 
· 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.

· Agree to the below TP
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>









For PUSCH configured with one antenna port, a UE transmits with power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1. For PUSCH configured with more than one antenna port, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the maximum number of PUSCH layers supported by the UE number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. 
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>>

Proposal 4

· 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.
· Note: NR rel-16 MIMO WI includes full power capability 
· 
A total power of   should at most be transmitted per OFDM symbol in transmission period i from the transmitted SRS resource set qs. 
· All of the SRS ports transmitted from SRS resource set qs, in transmission period i, are transmitted with the same power per port.
· 
When multiple SRS resource sets are present in transmission period i scale the transmit power of SRS resource set qs such that it is transmitted with power i, where 
·  where s denotes the OFDM symbol index in transmission period i and
·  with 
·  if a transmission corresponding to SRS resource set  is transmitted in symbol s in transmission period i, and
·  if no transmission corresponding to SRS resource set  is transmitted in symbol s in transmission period i. 
Proposal 5
· P_LTE and P_NR signaling defined for EN-DC should be reused for Option 4/4A
· Dynamic power sharing capability should be supported for Option 4/4A
· UE should scale down/drop LTE (SCG) transmissions when power limited, and the details of scaling/dropping can be left to UE implementation.
· For support of semi-static partitioning of LTE and NR UL transmissions similar to Case1-OperationA agreed for EN-DC (for UEs not supporting dynamic power sharing), the changes agreed so far for LTE Pcell UE behavior can be replicated for LTE PScell
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Eor SA (Option 2) only:
« NR-NR Dual connectivity aspects

- synchronous mode from physical layer aspects;

- Band combination(s) for FR1 + FR2;

- MCG fully in FR1 and SCG fully in FR2

- Common radio protocols and network interfaces
applicable to both synchronous and asynchronous
mode of operations.

For other options:
+ NR-E-UTRA DC via 5G-CN where the NR is the master
(Option 4 series)
+ E-UTRANR DC via 5G-CN where the E-UTRA is the
master (Option 7 series)
Fusther details for each WG are showa in below
* RaNl
> Option 4
% Evaluate whether new design on power control,
‘muitiplering, etc. for both LTE & NR specs
®Strive for minimum RANI specification impact
® Some (limited) RAN1 meeting time is expected
> NR-NR Dual Connectivity
4 Synchronous operation
<4 Minimom RANT impact and no HW impact
< NoPUCCH-SCell
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