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Introduction
In this contribution, we provide our views on some necessary clarifications and essential refinements for NR UL power control specification TS 38.213 [1], in particular: non-CA power control, CA-based power control, and NR-DC power control.
Non-CA Power Control
Restrictions on the Size of Power Control Parameters
 NR supports configuration of multiple pathloss references and closed-loop processes to facilitate beam-specific power control and other key features (e.g., SUL, configured grant, etc.). However, appropriate limits on the number of those PC parameters have been considered. In particular, RAN1 has agreed for UE to maintain up to 4 pathloss references for all channels/signals, up to 2 closed-loops per cell for PUSCH/PUCCH, and up to 3 closed-loops per cell for SRS, all irrespective of bandwidth part (BWP)-specific configurations. These agreements (see Annex 1), that ensure reasonable UE complexity, have not been captured in the specification
Proposal 1: Specification should capture the agreements on the size of PC parameters (i.e., pathloss estimates, and closed-loop processes) maintained at the physical layer. A text proposal is provided in Annex 1.
PC Parameter Settings when no SRI 
For the case of grant-based PUSCH without SRI field in the UL grant, the Working Assumption in Annex 2 was reached in RAN1#92. A further agreement (Annex 2) was made in RAN1#93 for the case of DCI format 0_0 when the PUSCH beam follows a PUCCH beam. 
For the case of DCI format 0_1, the case of grant-based PUSCH without SRI field in the UL grant can happen when only one SRS resource is configured, so that SRI is not needed. In this case, the WA in RAN1#92 is only useful when more than one DL RS for pathloss estimation and more than one open-loop parameters are configured, otherwise a default setting is not needed. Therefore, we propose to confirm the WA for DCI format 0_1 but remove the restrictions. 
DCI format 0_0 never includes an SRI field, and PUSCH beam indication and pathloss reference should be based on other methods, e.g., based on a certain PUCCH resource, as agreed in the MIMO session in RAN1#92 and power control session in RAN1#93. However, there are still some open cases for PUSCH beam indication and pathloss reference for DCI format 0_0, e.g., (i) when PUCCH-SpatialRelationInfo is configured, but MAC-CE has not activated any PUCCH-SpatialRelationInfo; (ii) when PUCCH-SpatialRelationInfo is not configured; and (iii) for a cell / uplink carrier without PUCCH. In these cases, the UE can still have multiple PUSCH beams, and PUSCH beam indication is needed, although it is not through SRS/SRI. As further details of any such solution are still under discussion in the MIMO session, the note should be kept when confirming the WA.
Proposal 2: Regarding the working assumption in RAN1 #92:
· For the case of DCI 0_1, confirm the WA with the following update: remove the conditions on “only one DL RS” and “only one p0-alpha”. 
· Keep the note for the case of DCI 0_0, pending further MIMO agreements. 
PUCCH without Explicit PUCCH Beam Indication
For PUCCH PC parameter configuration without explicit beam indication (i.e., with default/fall-back spatial relation), the agreements in Annex 3 were reached in the previous RAN1 meetings.
The agreements and the corresponding specification text only capture a default PC setting for the UE in the case (i) when PUCCH-SpatialRelationInfo and the corresponding PC mappings are not configured. Note that, PUCCH beam indication is via MAC-CE activation of a spatial relation from a list of spatial relation configured by PUCCH-Spatial-Relation-Info. Therefore, in the case (ii) when PUCCH-SpatialRelationInfo is (re-)configured with more than one value (i.e., spatial relation) AND the corresponding PC mappings based on p0-PUCCH-Id, pucch-PathlossReferenceRS-Id, closedLoopIndex are also (re-)configured, but MAC-CE has not yet selected/activated a spatial relation for PUCCH, a default/fall-back spatial relation and a corresponding default PC setting is needed. The details of such a default spatial relation for PUCCH is under discussion in the MIMO AI. The corresponding default PC setting can correspond to the default spatial relation selected for PUCCH.
Proposal 3: For PUCCH transmission, when PUCCH-Spatial-Relation-Info is (re-)configured with more than one value, but MAC-CE command for selection of one value from PUCCH-SpatialRelationInfo is not activated, then support a default PUCCH PC parameter set that corresponds to a default spatial relation selected for PUCCH, otherwise use PUCCH PC parameter set with ().
CA-based Power Control
Cross-Carrier Indication of PC Parameters
Beam measurement/reporting/indication are usually based on RS resources within the same cell / uplink carrier / bandwidth part (BWP). However, in some cases such as collocated, intra-band CA (both contiguous and non-contiguous),  it is desirable to configure and indicate beams and RS resources from other “reference” cells/ uplink carriers/ BWPs for operation in a given “target” cell/carrier/BWP. The advantage is that, each serving cell is not required to transmit all DL beams (i.e., SSB or CSI-RS) for beam indication, to save signaling overhead for both gNB and the UE: UE measures only a unique (i.e., non-repeated) set of DL beams. However, gNB is still able to receive on all such beams and spatial directions. Therefore, the UE can still transmit to the target cell based on a beam indication from a reference cell. 

NR has adopted this approach per RAN1 agreement and RAN2 implementation in Annex 3. Accordingly, it is necessary that NR supports cross-carrier indication for uplink power control parameters for NR. This will reduce the signaling overhead for power control parameter configurations within a serving cell, and also provides power control support for the extended set of beam indications from other serving cells which are already enabled via cross-carrier beam indication. In addition, the UE complexity for maintaining many pathloss estimates for all serving cells will be reduced, and the set of maintained pathloss estimates will be based on DL RS resources from those serving cells that can be more accurately and/or more frequently measured by the UE. 
Cross-Carrier Indication of Pathloss Reference for PUCCH
The WA in Annex 4 was made for cross-carrier indication of pathloss reference for PUCCH, which was implemented in the specification [TS 38.213] as given in Annex 4. 
However, there are some ambiguities that should be clarified when confirming the Working Assumption. 
a) First, as can be seen in the RRC spec, the BWP index is applicable only if the reference signal for beam indication is an SRS resource. 
b) Second, if the reference signal for beam indication is an SRS resource:  Since the UE needs a DL RS resource (i.e., either an SS/PBCH block or a CSI-RS resource) for pathloss reference, the UE needs to determine the DL RS resource from the SRS-SpatialRelationInfo corresponding to the reference SRS resource. The DL RS resource indicated in the SRS-SpatialRelationInfo may be in another serving cell/BWP according to the cross-carrier / BWP signalling defined in RRC. This aspect is not considered in the current implementation of the RAN1 agreement.

Proposal 4: The specification should capture the WA in RAN1#93 also for the case that PUCCH-SpatialRelationInfo indicates an SRS.  A text proposal is provided in Annex 4 for PUCCH.
Cross-Carrier Indication of Pathloss Reference for PUSCH
To extend the framework of cross-carrier indication of pathloss reference to the case of PUSCH, we need to consider the following cases:
a) PUSCH scheduled by DCI format 0_0 whose pathloss reference is the same as that for a PUCCH resource: The reference PUCCH follows cross-carrier indication of pathloss, so this case is covered by the previous section on PUCCH.
b) PUSCH scheduled by DCI format 0_0 with a default PUSCH pathloss reference (q_d = 0): This case is discussed below.
c) PUSCH scheduled by DCI format 0_1 with codebook-based transmission: This case is also discussed below.
d) PUSCH scheduled by DCI format 0_1 with non-codebook-based transmission when SRS-SpatialRelationInfo is configured: The UE behavior is not specified yet; ongoing MIMO discussion
e) PUSCH scheduled by DCI format 0_1 with non-codebook-based transmission when SRS-SpatialRelationInfo is not configured and associated CSI-RS is configured: The UE behavior is specified, but currently there is no serving cell index configuration for the associated CSI-RS, so a cross-carrier beam indication for PUSCH is not defined in this case. Needs new MIMO agreement. 

Observation 1: For PUSCH, based on current specification, the framework of cross-carrier indication of pathloss reference only applies to PUSCH transmission scheduled by DCI format 0_0 and codebook-based PUSCH transmission scheduled by DCI format 0_1. For non-codebook-based PUSCH transmission, further MIMO agreements are needed. 

Case (b): PUSCH scheduled by DCI format 0_0 with a default PUSCH pathloss reference (q_d = 0)

For the case of PUSCH scheduled by DCI format 0_0 whose pathloss reference is given by a default setting of q_d = 0, the cross-carrier pathloss reference indication is based on the lowest index SRS resource (for PUSCH) that is configured to the UE. 
Case(c): Codebook-based PUSCH scheduled with DCI format 0_1 
For codebook-based PUSCH transmission, PUSCH beam is based on the SRS-SpatialRelationInfo for the indicated SRS resource by SRI in DCI. If SRS-SpatialRelationInfo indicates another serving cell and/or BWP, the SRS transmission and the PUSCH transmission (including how to apply SRI, TMPI, and TRI) are still performed in the original serving cell; however, spatial domain transmission filter / beam and pathloss reference are w.r.t. another serving cell. In particular, the gNB applies the appropriate gNB Rx beam /spatial domain transmission filter to receive the SRS and PUSCH in the original serving cell, and there will be no change/loss/inaccuracy to the sounding procedure (as used for CQI, MCS, etc.). 

Proposal 5: For cross-carrier indication of pathloss reference for PUSCH:
· For DCI format 0_0 with a default pathloss reference, the pathloss reference is from the serving cell indicated by the lowest index configured SRS resource;
· For codebook-based transmission, the pathloss reference is from the serving cell corresponding to the SRS resource indicated by the SRI.
Two text proposals are provided in Annex 4 for PUSCH.

Cross-Carrier Indication of Pathloss Reference for SRS
The framework of cross-carrier pathloss reference can be extended to the case of SRS transmissions. Note that, for SRS, all power control parameters are configured per SRS resource set. Therefore, a single pathloss reference is configured in the configuration of the SRS resource set. On the other hand, each individual SRS resource within the SRS resource set has its own SRS-SpatialRelationInfo which may include a serving cell index and/or a BWP index. In this case, we propose to use the smallest cell index as the cell index for the pathloss reference. For example, if the smallest cell index is zero, then the pathloss reference belongs to the PCell.
Proposal 6: For cross-carrier indication of pathloss reference for SRS, the pathloss reference is from the serving cell with the smallest index among the serving cell indexes provided by SRS-SpatialRelationInfo of the SRS resources in an SRS resource set. A text proposal is provided in Annex 4 for SRS.
Priority Rule for SUL
Existing priority rule full or partially overlapping transmissions, for the case that a serving cell is configured with two uplink carriers, only addresses the case of a serving cell with PUCCH configuration, but does not specify the UE behavior when none of the uplink carriers are configured for PUCCH. In this case, the non-SUL carrier has higher priority. 
Proposal 7: For a serving cell configured with two uplink carriers, if none of the uplink carriers are configured with PUCCH, the non-SUL carrier has higher priority. A text proposal is provided in Annex 5.
Selection of Default UL Carrier for Type-3 PHR 
NR supports one PHR per serving cell. However, for the case of two UL carriers (normal UL and SUL), existing specification for Type-3 PHR does not clarify which UL carrier should be used as a default carrier for virtual PHR. A solution similar to that for virtual Type-1 PHR for PUSCH can be adopted.
Proposal 8: For virtual SRS PHR (Type-3), for a cell configured with non-SUL and SUL, a default UL carrier is selected according to the following rules: the UL carrier configured for PUCCH if present, otherwise the non-SUL carrier. A text proposal is provided in Annex 6.
[bookmark: _GoBack]PHR for CA 
At least for intra-band (contiguous) CA, single power amplifier (PA) is the main deployment, so a single MPR/A-MPR value (depending on all transmissions allocations) is applied to all such serving cells. Hence, when reporting real/actual PHR for a CA setting, the Pcmax values computed for different serving cells may be linked by the common MPR/A-MPR value that is applied to the PA. To avoid tight time-line issues for PHR, it has been agreed to report virtual PHR for cells whose DCI grant arrive too late, i.e., after a certain PHR “cut-off” time, even if there is indeed a transmission happening on those serving cells. A WA assumptions was made in RAN1 #93 (see Annex7) to ensure that, for all serving cells that report a real PHR in a CA setting, the MPR / A-MPR / Pcmax values are only based on DCI grants that are arrived before the PHR cut-off time. However, this agreement was not correctly implemented: The current text in the specification [TS 38.213] only captures this WA for the cell whose PUSCH transmission carries the PHR. However, there can be other PUSCH transmissions on other serving cells that overlap with the PUSCH that carries the PHR and whose scheduling DCIs are received before the PHR trigger instance. The UE will report real/actual PHR for those cells. The WA in RAN1 #93 applies to real/actual PHR for those cells as well. However, the current text in the specification is silent about this case and does not capture the WA for this case. 

Proposal 9: The specification should capture the WA in RAN1#93 for PHR in CA setting also for the case of PUSCH transmissions that overlap with the PUSCH that carries the PHR and whose scheduling DCIs are received before the PHR trigger instance. A text proposal is provided in Annex 7. 
NR-DC Power Control
Dual Connectivity (DC) facilitates the connection of a UE to a collection of serving cells or component carriers (CCs) among which an ideal/high-capacity, low-latency backhaul does not exist or cannot be assumed. Some use-cases for dual connectivity include connection of a UE to both macro cells and small cells within one RAT such as LTE-DC or NR-DC, or connection of a UE to two different radio access technologies (RATs) such as EN-DC or NE-DC. In particular, DC considers two cell groups (CGs). The CG that the UE first connects to and takes the role of main established connection is called the Master CG (MCG), and the other CG that the UE later connects to and takes the role of supplemental connection is called the Secondary CG (SCG). 
Power control for LTE-DC is specified in [TS 36.213]. Two power control modes are defined for LTE-DC: power control mode 1 (PCM-1) which applies to synchronous LTE-DC, and power control mode 2 (PCM-2) which applies to asynchronous LTE-DC. The common elements to both PCM-1 and PCM-2 are that: (i) Both modes rely on a notion of minimum guaranteed power (MGP), so that no single CG (e.g., MCG) uses up all the UE transmit power and leaves the other CG (e.g., SCG) deprived of power; (ii) Both modes rely on priority rules among channels/signals among overlapping transmissions, in the sense that, power allocation at least within a CG is performed based on the priority levels of different channels and signals. In the case that the remaining power for a certain priority level is not sufficient for transmission of that channel/signal (i.e., a power-limited situation), the UE performs power scaling or dropping of that channel/signal. 
In PCM-1, which is defined for synchronous LTE-DC, before allocating power to any given priority level, the transmission power for the following are allocated first:
· All transmissions within the same CG with higher priority;
· All transmissions of the other CG with higher priority;
· All transmissions of the other CG with lower priority up to the MGP of the other CG, in case of MGP leftover.
Note that, such a “back-and-forth” and  exchange between power levels of different priority levels within and across CGs are indeed possible in PCM-1, because synchronous DC (with fixed/same numerology and processing time) is considered.  
In LTE-DC PCM-2, which is defined for UEs capable of asynchronous DC operation, a subframe (say [i1]) of a first CG (say CG1) can partially overlap with two subframes (say [i2-1] and [i2]) of the other CG (say CG2). In this case, there are two steps in the power allocation procedure:
· First, the UE determines the total available power for a CG, based on earlier timing of transmission and semi-static “look-ahead”, i.e., by first allocating power as follows:
· Earlier overlapping transmissions, i.e., in subframe [i2-1], of the other CG (CG2)
· The MGP of the other CG (CG2) OR the PRACH power for subframe [i2] of the other CG (CG2), whichever is larger, if semi-static “look-ahead” (i.e., higher layer signaling, e.g., TDD DL/UL subframe structure) cannot rule out the certainty of no UL transmission in subframe [i2] on the other CG (CG2), i.e., if there is a possibility for an UL transmission (including PRACH) in subframe [i2] on CG2
· Next, the UE decides on the power scaling within that CG, based on the priority level of transmissions
There are several aspects in 5G New Radio (NR) that were not present in LTE. In particular, (at least legacy) LTE uses: (i) a fixed 15 kHz subcarrier spacing (SCS) for OFDM operation; (ii) a fixed timeline in which the uplink grant or downlink assignment for a transmission always arrives e.g., 4 subframes beforehand; (iii) a fixed e.g., 4-subframe timeline for processing/preparation of a transmission; and (iv) restricted set of transmission time intervals/durations within a subframe. On the other hand, NR allows for: (i) configurable SCS and numerology; (ii) configurable grant-to-transmission time (e.g, delay between the DCI received in the original BWP, and the scheduled PUSCH in the target BWP) and even “self-contained” slots; (iii) a minimum preparation time depending on the numerology and the UE capability, while the actual UE preparation time can be the same as or larger than this minimum preparation time; and (iv) one or multiple “mini-slots” or PUSCH mapping Type-B [TS 38.211]. 
Look-ahead and “Cut-off” Time for NR-DC Power Control 
In NR-DC, transmission across the two CGs with potentially different numerologies, different start time and different duration can overlap and lead to a power-limited situation. Moreover, the transmission are based on scheduling DCIs or other higher layer signaling that allocate UL resources and arrive at different points in time, and will be processed by the UE in different times. Therefore, a key aspect of NR-DC power control is, when determining the power setting for a certain transmission, how much a UE can or cannot “look-ahead” into other upcoming, overlapping transmissions and take their transmission details (such as RB allocation, etc.) into account for the power determination at hand – a new feature possible in NR due to different timelines and processing times for different transmissions. 
Accordingly, one can define a “cut-off” time for the “look-ahead” in NR-DC power control, so that the UE can look-ahead into transmission that are early enough w.r.t. the cut-off time, but for transmissions that are later than the cut-off time, the UE is not able to do look-ahead for power determination of the transmission of interest. The cut-off time can be a conservative value such as the DCI grant / higher layer signalling reception time, or more aggressive such as the transmission time offset by a number of symbols, for  UE processing/PUSCH preparation time. The closer a cut-off time is to the transmission time, the more “look-ahead” is available to the UE since details about many overlapping transmissions will be known. The closer a cut-off time is to the grant/signalling time, the less “look-ahead” is available to the UE since details about few overlapping transmissions may be known. 
Once a definition for a “cut-off” time is adopted, for power determination of a certain transmission on a CG, three categories of transmissions can be defined:
· Category 0 transmissions: those overlapping transmissions that start before the transmission of interest and transmission power allocations have been complete – no processing time available to take in to account “new” overlapping transmissions. For these transmissions, the power is already allocated, so this  power level cannot be used or (re-)adjusted. They are similar to [i2-1] transmission in LTE-DC PCM2.
· Category 1 transmissions: those overlapping transmissions that start on or after the transmission of interest, but whose grant/signaling has arrived before the look-ahead cut-off time for NR-DC power control. For these transmissions, the power can be allocated similar to LTE-DC PCM1 based on priority rules and MGP.
· Category 2 transmissions: those overlapping transmissions that start on or after the transmission of interest, and whose grant/signaling arrives after the look-ahead cut-off time for NR-DC power control. For these transmissions, that are similar to [i2] transmissions in LTE-DC PCM2, only an MGP is reserved, as no further details are available to the UE. 
Proposal 10: In NR-DC, for power determination of any given UL transmission on a CG, the UE considers three categories of transmissions based on the start time of the transmission and the “cut-off” time for “look-ahead” for NR-DC power control
Proposal 11: For NR-DC power control, when look-ahead with appropriate cut-off time is considered, a combination of LTE-DC PCM1 and PCM-2 can be used. 

Minimum guaranteed power (MGP) for NR-DC 
Minimum guaranteed power (MGP) for a cell group (CG) can ensure that no CG is totally deprived of at least some amount/fraction of the UE transmit power. In LTE, MGP is defined as an RRC configured fraction (say, γ_CG) of the dual connectivity Pcmax. In 5G NR, due to different numerologies and processing times, and existence of mini-slots, definition of MGP for NR-DC needs to be revisited. In particular, it is possible that a transmission on a CG overlaps with multiple transmissions on another CG. At least several options can be considered as below for definition of MGP for NR-DC:
a) MGP is an RRC configured fraction of the maximum dual connectivity Pcmax values across all overlapping transmissions
b) MGP is an RRC configured fraction of the minimum dual connectivity Pcmax values across all overlapping transmissions
c) MGP is an RRC configured fraction of the dual connectivity Pcmax value across all overlapping transmissions
d) MGP is an RRC configured fraction of the dual connectivity Pcmax value for the transmission with the highest L1 priority level across all overlapping transmissions
We believe that Option (d) is the best option, that lowers UE complexity and also guarantees that at least the most important transmission will be successfully communicated. Note that, dual connectivity Pcmax can be only computed for those overlapping transmissions whose details are known to the UE, e.g., Category 0 and Category 1 transmissions.
Proposal 12: In NR-DC, in the case of multiple overlapping transmissions, MGP is defined as an RRC configured fraction of the dual connectivity Pcmax for the transmission with the highest L1 priority level across all overlapping transmissions whose transmission details are known to the UE. 
Conclusion
In summary, we propose the followings for NR non-CA power control:
Proposal 1: Specification should capture the agreements on the size of PC parameters (i.e., pathloss estimates, and closed-loop processes) maintained at the physical layer. A text proposal is provided in Annex 1.
Proposal 2: Regarding the working assumption in RAN1 #92:
· For the case of DCI 0_1, confirm the WA with the following update: remove the conditions on “only one DL RS” and “only one p0-alpha”; 
·  Keep the note for the case of DCI 0_0, pending further MIMO agreements. 

Proposal 3: For PUCCH transmission, when PUCCH-Spatial-Relation-Info is (re-)configured with more than one value, but MAC-CE command for selection of one value from PUCCH-SpatialRelationInfo is not activated, then support a default PUCCH PC parameter set that corresponds to a default spatial relation selected for PUCCH, otherwise use PUCCH PC parameter set with ().
Proposal 4: The specification should capture the WA in RAN1#93 also for the case that PUCCH-SpatialRelationInfo indicates an SRS. A text proposal is provided in Annex 4 for PUCCH. 
Observation 1: For PUSCH, based on current specification, the framework of cross-carrier indication of pathloss reference only applies to PUSCH transmission scheduled by DCI format 0_0 and codebook-based PUSCH transmission scheduled by DCI format 0_1. For non-codebook-based PUSCH transmission, further MIMO agreements are needed. 

Proposal 5: For cross-carrier indication of pathloss reference for PUSCH:
· For DCI format 0_0 with a default pathloss reference, the pathloss reference is from the serving cell indicated by the lowest index configured SRS resource;
· For codebook-based transmission, the pathloss reference is from the serving cell corresponding to the SRS resource indicated by the SRI.
Two text proposals are provided in Annex 4 for PUSCH.
Proposal 6: For cross-carrier indication of pathloss reference for SRS, the pathloss reference is from the serving cell with the smallest index among the serving cell indexes provided by SRS-SpatialRelationInfo of the SRS resources in an SRS resource set. A text proposal is provided in Annex 4 for SRS.
Proposal 7: For a serving cell configured with two uplink carriers, if none of the uplink carriers are configured with PUCCH, the non-SUL carrier has higher priority. A text proposal is provided in Annex 5.Proposal 8: For virtual SRS PHR (Type-3), for a cell configured with non-SUL and SUL, a default UL carrier is selected according to the following rules: the UL carrier with configured for PUCCH if present, otherwise the non-SUL carrier. A text proposal is provided in Annex 6.
Proposal 9: The specification should capture the WA in RAN1#93 for PHR in CA setting also for the case of PUSCH transmissions that overlap with the PUSCH that carries the PHR and whose scheduling DCIs are received before the PHR trigger instance. A text proposal is provided in Annex 7.
Proposal 10: In NR-DC, for power determination of any given UL transmission on a CG, the UE considers three categories of transmissions based on the start time of the transmission and the “cut-off” time for “look-ahead” for NR-DC power control
Proposal 11: For NR-DC power control, when look-ahead with appropriate cut-off time is considered, a combination of LTE-DC PCM1 and PCM-2 can be used. 
Proposal 12: In NR-DC, in the case of multiple overlapping transmissions, MGP is defined as an RRC configured fraction of the dual connectivity Pcmax for the transmission with the highest L1 priority level across all overlapping transmissions whose transmission details are known to the UE. 
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Annex – Previous Agreements and Text Proposals
Annex 1
Agreement: (RAN1 #91)
The maximum total number of PL estimates for PUSCH, PUCCH, and SRS that can be configured to a UE is limited to 4 per cell


Agreements: (RAN1 #90-bis)
For N closed-loop power control processes, i.e., fc(i,l), for NR PUSCH power control for serving cell c, the following working assumption is confirmed:
N is up to 2

Text Proposal for [TS 38.213, Section 7.1.1]:
…




is a downlink path-loss estimate in dB calculated by the UE using reference signal (RS) index [image: ] for a DL BWP that is linked with UL BWP  of carrier  of serving cell . A UE is not expected to maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS/PRACH transmissions. 
…




For the PUSCH power control adjustment state for UL BWP  of carrier  of serving cell  in PUSCH transmission occasion 






-	 is a correction value, also referred to as a TPC command, and is included in a DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission occasion , after a last PUSCH transmission occasion ,  on UL BWP  of carrier  of serving cell  or jointly coded with other TPC commands in a DCI format 2_2 having CRC parity bits scrambled by TPC-PUSCH-RNTI, as described in Subclause 11.3;

-	 if the UE is configured with higher layer parameter twoPUSCH-PC-AdjustmentStates, and [image: ] if the UE is not configured with higher layer parameter twoPUSCH-PC-AdjustmentStates or if the PUSCH is a Msg3 PUSCH. A UE is not expected to maintain more than two PUSCH power control adjustment states per serving cell. 
…

Annex 2
Working Assumption (RAN1 #92)
For the case of PUSCH with grant for DCI 0_0 and DCI 0_1 with no SRI field in uplink grant, at least the following is supported
· DL RS for PL estimation is given by, the RS corresponding to pusch-pathlossreference-index=0  of pusch-pathloss-Reference-rs (i.e., q_d =0), if only one DL RS for path loss is configured
· P0 and alpha are given by, the values corresponding p0alphasetindex =0 of p0-pusch-alpha-setconfig (i.e., j=2), if only one entry of p0-pusch-alpha-setconfig is configured for PUSCH transmission with grant;
· Closed loop index l=0
Note that depending on the further agreement on the MIMO session, additional mapping rules for {j, q_d, l} for the PUSCH with grant and no SRI field in uplink grant can be considered.
Agreement (RAN1 #93)
For PUSCH scheduled by DCI format 0_0, if the PUSCH transmission uses the spatial relation for a PUCCH resource (i.e., as agreed in RAN1#92bis).
· The UE shall use the PL reference associated with the PUCCH resource whose spatial relation is used for the PUSCH transmission; 
· P0 and alpha are given by, the values corresponding p0alphasetindex =0 of p0-pusch-alpha-setconfig (i.e., j=2).
· PUSCH closed loop index l = 0. 



Annex 3
Agreement (RAN1 #92)
For the case of PUCCH without PUCCH-Spatial-relation-info, at least the following is supported
· DL RS for PL estimation is given by, the RS corresponding to pucch-pathlossreference-index=0  of pucch-pathloss-Reference-rs (i.e., q_d =0), where only one DL RS for path loss is configured
· P0 is given by, the values corresponding p0setindex =0 of p0-pucch-set (i.e., q_u=0), where only one entry of p0-pucch-set is configured;
· FFS: Closed loop index l=0
Agreement (RAN1 #92-bis)
For PUCCH without high layer parameter PUCCH-Spatial-relation-info, the closed loop index l should also be set to a fixed value, i.e., l=0.



Annex 4
Agreement (RAN1 #92-bis)
· Support uplink cross-carrier beam indication for PUCCH and SRS 
· Add Cell index and BWP information in SpatialRelation configuration



Excerpt from [TS 38.331]
PUCCH-SpatialRelationInfo ::=			SEQUENCE {
	pucch-SpatialRelationInfoId			PUCCH-SpatialRelationInfoId,
	servingCellId							ServCellIndex										OPTIONAL,	-- Need S
	referenceSignal 						CHOICE {
		ssb-Index								SSB-Index,
		csi-RS-Index								NZP-CSI-RS-ResourceId,
		srs							SEQUENCE {
											resource							SRS-ResourceId,
											uplinkBWP							BWP-Id
												}
	},
	pucch-PathlossReferenceRS-Id 			PUCCH-PathlossReferenceRS-Id,
	p0-PUCCH-Id								P0-PUCCH-Id,
	closedLoopIndex							ENUMERATED { i0, i1 }
}


SRS-SpatialRelationInfo ::=		SEQUENCE {
	servingCellId						ServCellIndex										OPTIONAL,	-- Need S
	referenceSignal 					CHOICE {
		ssb-Index							SSB-Index,
		csi-RS-Index						NZP-CSI-RS-ResourceId,
		srs									SEQUENCE {
			resourceId							SRS-ResourceId,
			uplinkBWP							BWP-Id
		}
	}
}

Text Proposal for [TS 38.213, Section 7.2.1]:
…
-	If higher layer parameter pucch PUCCH -SpatialRelationInfo includes higher layer parameters cell servingCellId and bwp-Id uplinkBWP, and if the referenceSignal in PUCCH-SpatialRelationInfo is an SSB or a CSI-RS, the UE receives the RS with index [image: ] on the DL BWP provided by bwp-Id of the serving cell provided by cell servingCellId.  
-	If higher layer parameter PUCCH -SpatialRelationInfo includes higher layer parameters servingCellId, and if the referenceSignal in PUCCH-SpatialRelationInfo is an SRS, the UE receives the RS with index [image: ] on the serving cell provided by servingCellId in SRS-SpatialRelationInfo of the reference SRS provided by SRS resource index resourceId configured on the uplink BWP provided by uplinkBWP in the PUCCH-SpatialRelationInfo on serving cell provided by servingCellId in the PUCCH-SpatialRelationInfo. 

Text Proposal for [TS 38.213, Section 7.1.1]: 
…
If the PUSCH transmission is scheduled by a DCI format 0_0 and if the UE is not provided a spatial setting for a PUCCH transmission, or by a DCI format 0_1 that does not include a SRI field, or if a higher layer parameter SRI-PathlossReferenceIndex-Mapping is not provided to the UE, the UE determines a RS resource with a respective higher layer parameter pusch-pathlossreference-index value being equal to zero on the serving cell provided by higher layer parameters servingCellId of the SRS-SptialRelationInfo of the lowest index SRS resource configured to the UE for PUSCH transmission. 


Text Proposal for [TS 38.213, Section 7.1.1]: 

…
For codebook-based PUSCH (when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook'), if SRS-SpatialRelationInfo of the SRS resource indicated by SRI in DCI is configured/provided with a servingCellId and/or a uplinkBWP, then:
· If the referenceSignal in the SRS-SpatialRelationInfo for the indicated SRS resource is an SSB or a CSI-RS, the UE receives the RS with index [image: ] on the serving cell provided by servingCellId in SRS-SpatialRelationInfo. 
· If the referenceSignal in the SRS-SpatialRelationInfo for the indicated SRS resource is an SRS, the UE receives the RS with index [image: ] on the serving cell provided by servingCellId in SRS-SpatialRelationInfo of the reference SRS, which is located in the serving cell provided by servingCellId and uplink BWP provided by uplinkBWP in the SRS-SpatialRelationInfo of the target SRS. 

Text Proposal for [TS 38.213, Section 7.3.1]: 
…
[image: ]is a downlink path-loss estimate in dB calculated by the UE using reference signal (RS) index [image: ] for a DL BWP that is linked with UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and SRS resource set [image: ] [6, TS 38.214]. The RS index [image: ] is provided by higher layer parameter pathlossReferenceRS associated with the SRS resource set [image: ]  and is either a higher layer parameter ssb-Index providing a SS/PBCH block index or a higher layer parameter csi-RS-Index providing a CSI-RS resource index. The UE receives the RS with index [image: ] on the serving cell with the smallest servingCellId among the servingCellId values provided by SRS-SpatialRelationInfo of the SRS resources in the SRS resource set. 

Annex 5
Text proposal for [TS 38.213 Section 7.5]
…
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell and prioritizes power allocation for transmissions on the PCell over transmissions on the PSCell. In case of same priority order and for operation with two uplink carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured on either of the two uplink carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.

Annex 6
Text proposal for [TS 38.213, Section 7.7.3]
…
If the UE determines that a Type 3 power headroom report for an activated serving cell is based on a reference SRS transmission then, for SRS transmission occasion [image: ] on UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and if the UE is not configured for PUSCH transmissions on UL BWP [image: ] of carrier [image: ] of serving cell [image: ], the UE computes a Type 3 power headroom report as 

	 [dB]

where [image: ] is a SRS resource set corresponding to SRS-ResourceSetId = 0 and [image: ],[image: ], [image: ] and  are defined in Subclause 7.3.1 with corresponding values obtained from SRS-ResourceSetId = 0. [image: ] is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and TC =0dB. MPR, A-MPR, P-MPR and TC are defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2]. 
If a UE is configured with two UL carriers for a serving cell and the UE determines a Type 3 power headroom report for the serving cell based on a reference SRS transmission, [the UE computes a Type 3 power headroom report for the serving cell assuming a reference SRS transmission on the UL carrier provided by higher layer parameter pucch-Config. If pucch-Config is not configured on either of the two uplink carriers,] the UE computes a Type 3 power headroom report for the serving cell assuming a reference SRS transmission on the non-supplementary UL carrier. 

Annex 7
Working Assumption (RAN1 #93)
For CA, when calculating the PHR of a cell based on a real transmission, transmissions whose DCI come after the first DCI after PHR trigger are ignored.
Proposed Text for [TS 38.213, Section 7.7.1]:
…
If a UE is configured with multiple cells for PUSCH transmissions, the UE does not consider for computation of a Type 1 power headroom report in a first PUSCH transmission that includes an initial transmission of transport block on active UL BWP [image: cid:image009.png@01D3FDAC.455A89C0] of carrier [image: cid:image013.png@01D3FDAC.455A89C0] of serving cell [image: cid:image017.png@01D3FDAC.455A89C0], a second PUSCH transmission on active UL BWP [image: cid:image021.png@01D3FDAC.455A89C0] of carrier [image: cid:image025.png@01D3FDAC.455A89C0] of serving cell [image: cid:image029.png@01D3FDAC.455A89C0] that overlaps with the first PUSCH transmission if 
-    the second PUSCH transmission is in response to detection of a DCI format 0_0 or a DCI format 0_1 in a PDCCH received in a second PDCCH monitoring occasion, and
-    the second PDCCH monitoring occasion is after a first the PDCCH monitoring occasion where the UE detects a first DCI format 0_0 or DCI format 0_1 scheduling the first PUSCH transmission an initial transmission of a transport block since a power headroom report was triggered
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