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Introduction
Uplink power control (PC) framework for NR, particularly beam-specific PC, is a critical component of the NR specification TS 38.213 [2], based on several agreements reached in the past few RAN1 meetings.
In this contribution, we provide our views on some necessary clarifications and essential refinements for NR UL power control, in particular: configuration and indication of PC parameters for PUSCH (Msg3, grant-free, and grant-based) and PUCCH; reset procedures for closed-loop PC for PUSCH/PUCCH/SRS; as well as several details concerning power headroom report (PHR) for PUSCH and PUCCH. 
PC Parameter Configuration/Indication for PUSCH
In the previous meeting RAN1 AH-1801 [1], configuration and indication of PC parameters for the PUSCH was agreed in the case that SRI is present in the UL grant. However, several cases were left open for further study as follows, which we discuss in the section.
From RAN1-AH-1801 Chairman Notes [1]:
Further discuss offline, indication of PC parameters when SRI field is not present in the UL grant for grant-based PUSCH
Cases to address include:
MSG3, grant based PUSCH without SRI, grant-free PUSCH


PUSCH Msg3
For configuration and indication of PC parameters for PUSCH Msg3, the open-loop (OL) and pathloss (PL) estimation parameters are known to the UE, based on the SS/PBCH block identified by the UE during the random access procedure and the corresponding random access preamble. The only remaining item is specification of the closed-loop (CL) for Msg3, which has a different situation before and after RRC connection setup. 
· If Msg3 is transmitted as part of the initial access procedure (prior to RRC_CONNECTED state), the UE behaviour is already specified in TS 38.213, since two closed-loop processes are not configured to the UE, so the CL-PC index is fixed to . 
· However, when PUSCH Msg3 is transmitted and the UE is in RRC_CONNECTED state, the UE might be already configured with 2 closed-loop processes for PUSCH. In this case, the following options can be considered for closed-loop for PUSCH Msg3:
1. Fixed in the specification, e.g., to , 
2. RRC configured with a separate RRC parameter (e.g., Msg3-closed-loop-index) 
3. Implicitly determined by the UE based on the already-available linkage between SRI and , e.g., using the closed-loop index  corresponding to the smallest SRI for which the SS/PBCH block used in the RACH procedure is a DL RS resource configured to the UE for PL estimation. In the absence of SRI, the UE uses. 
Proposal 1: 
· For PUSCH Msg3, prior to RRC_CONNECTED state, the CL-PC index is  as already specified in TS 38.213. 
· For  UE in RRC_CONNECTED state, following options can be considered for the CL-PC for Msg3: (i) fixed to ; (ii) separately RRC configured; (iii) implicitly determined based on the linkage between SRI and  via the SS/PBCH block used in the RACH procedure, with fallback to  in case of no SRI.   
Grant-Based PUSCH without SRI
For grant-based PUSCH, PC parameter configuration and indication has been extensively discussed and clearly specified in the past few RAN1 meetings. In particular, it was agreed in RAN1 AH-1801 to RRC configure explicit direct linkages between the set of SRI values and the PUSCH PC parameter indices . Then, once the value of the SRI field in the UL grant is determined, the UE would identify the OL, PL, and CL indices for power control. 

The case of grant-based PUSCH without SRI field in the UL grant, however, is still open. We believe this can happen at least in two cases:
1) Only one SRS resource is configured, so SRI is not needed. 
2) SRS is not configured at all. 
In these cases, the UE can still have multiple PUSCH beams, and PUSCH beam indication still makes sense, although it is not through SRS/SRI.  One possible solution is for the UE to assume a spatial relation between the PUSCH transmission and the CORESET DM-RS antenna port associated with PDCCH reception of the UL grant for the PUSCH. The DM-RS antenna ports may be quasi-collocated to DL RS configured by the TCI state for antenna port quasi co-location or the SS/PBCH block the UE identified during the initial access procedure depending on the presence or absence of the TCI state in DCI. 
Proposal 2: For grant-based PUSCH transmission, when no or only one SRS resource is configured, 
· UE assumes a spatial relation between the PUSCH transmission and the CORESET DM-RS antenna port associated with PDCCH reception of the UL grant for the PUSCH for determining the PUSCH beam and corresponding PUSCH PC parameters.
·  Define mapping between the set of TCI states, SS/PBCH block and set of PUSCH PC parameter indices . 
Grant-Free PUSCH
The configuration and indication of PC parameters for grant-free PUSCH transmission has not been discussed in full detail in previous RAN1 meetings, perhaps except for a generic agreement in RAN1#90-Bis and the following two agreements in RAN1-AH-1801 [1]. 
From RAN1 AH-1801 Chairman Notes [1]:
Agreements:
· For both configured grant Type 1 and Type 2 UL transmissions, following RRC parameters are defined and configured for a UE by UE-specific RRC signaling, separately from the corresponding RRC parameters for grant-based PUSCH transmission:
· At least some open-loop power-control parameters
· FFS discussion the detailed parameters (to be handled by Havish’s session)
Agreement:
Add RRC parameter PathlossReferenceIndex at least for UL-TWG-type1 

In our view, beam-specific power control should be considered for grant-free (a.k.a., configured grant) PUSCH transmission, particularly for the case of Type-2 with UL grant activation and follow the same principles of grant-based PUSCH transmission. 
1) If SRS is configured to the UE, the resource allocation for configured grant involves SRI for PUSCH beam indication as explained in TS 38.214. Therefore, the same explicit RRC linkages that were defined between SRI and  indices for grant-based PUSCH can be reused for PC parameter configuration and indication for grant-free transmission. 
2) If SRS is not configured, similar to discussion above for the case of grant-based PUSCH without SRI in Section 2.2, explicit RRC linkages between TCI state for PDCCH, SS/PBCH block and  indices can be reused for PC parameter configuration and indication for grant-free transmission.
Proposal 3: For PC parameter configuration and indication for PUSCH transmissions with configured grant, at least for Type-2, follow the same principles of grant-based PUSCH transmission - explicit RRC linkages defined between SRI/TCI/SS-PBCH and  indices for grant-based PUSCH can be reused.
PC Parameter Configuration/Indication for PUCCH without PUCCH Beam Indication 
The configuration and indication of PC parameters for PUCCH with beam indication was agreed in RAN1-AH-1801 [1], when PUCCH beam indication is via MAC-CE activation of a spatial relation from a list of spatial relation configured by PUCCH-SpatialRelationInfo. However, when MAC-CE has not selected a spatial relation for PUCCH yet, a default/fallback mode is needed. For example, in RAN1-AH-1801 in offline MIMO session [3, Section 4.5], the following was proposed: “After RRC configuration of PUCCH-SpatialRelationInfo and before MAC-CE activation of spatial relation, UE assumes may assume default spatial relation is the SSB identified during the RACH procedure.” Accordingly, one can build upon such default/fallback PUCCH beam indication(s) and define explicit RRC linkages between the default PUCCH beam indication(s) and the PUCCH PC parameter set can be configured. 
Proposal 4: For PUCCH transmission, when PUCCH-SpatialRelationInfo is configured with more than one value, but MAC-CE command for selection of one value from PUCCH-Spatial-Relation-Info is not activated, align PC parameter configuration and/or indication with agreements in MIMO agenda item, e.g., based on an explicit RRC linkage between possible default/fallback PUCCH beam indication(s) and the PUCCH PC parameter set. 
Reset of Closed-Loop PC for PUSCH, PUCCH, SRS
Reset based on OL-PC Reconfiguration
The CL-PC accumulation reset based on reconfiguration of OL-PC parameters (such as P0 and alpha) and/or receiving RAR in TS 38.213 is ambiguous and also inconsistent among PUSCH, PUCCH, and SRS. 
· The current wordings in RAN1 agreements on this topic are “can be reset” for PUSCH, and “reset trigger” for PUCCH, while no agreement exists for SRS on this topic. 
· The current wordings in TS 38.213 for CL-PC reset are “UE can reset accumulation” for PUSCH and SRS, while it is a mandatory language for PUCCH. 
· In cases when two or even three closed-loop processes are configured to a UE, the specification should clarify which CL-PC process should be reset. This is accomplished for some cases, but is still open and unspecified for some other cases. 
The phrase “UE can reset accumulation” needs further clarification, without which the specification is incomplete. We think the appropriate method to resolve this inconsistency is to follow the LTE approach “UE shall reset accumulation”, which is also used in the case of PUCCH above, to mandate the CL-PC reset for the UE when OL-PC parameters are reset. The clear argument is that OL parameters are base/reference values for the operation of UL power control procedure, and a reconfiguration of those base/reference values clearly call for a reset to the CL-PC which is built upon those OL-PC parameters. 
Proposal 5: For PUSCH, PUCCH, and SRS transmission, update the RAN1 agreements and TS 38.213 to mandate the CL-PC reset (i.e., “shall reset”) for the UE upon reconfiguration of OL-PC parameters by the gNB. In all such cases, clarify that the first value after CL-PC reset is zero. 
In the cases when more than one CL-PC process is configured to the UE, it is necessary to specify which CL-PC process is impacted by this CL-PC reset operation. Currently, this issue is handled for the case when SRI (for grant-based PUSCH) or PUCCH-Spatial-Relation-Info (for PUCCH) are configured. 
Proposal 6: For PUSCH / PUCCH transmission, specify which CL-PC process to reset upon reconfiguration of OL-PC parameters, aligned with the agreements for the cases without SRI / PUCCH-Spatial-Relation-Info. 
For SRS, since all PC parameters are agreed to be per SRS resource set, there is no confusion on which closed-loop to reset. The text in the specification should simply clarify that reconfiguration of OL parameters correspond to SRS resource set indexed by . 
Reset based on Beam Change
For a gNB with multiple beams pointing to significantly different spatial directions such as with multiple TRP antenna panels, a separate closed-loop power control process may be configured for UL beams associated with such gNB beams due to potential differences in UL interference levels. The same closed-loop PC may be used for all gNB Rx beams of the same TRP panel. A gNB would attempt to keep the same closed-loop configuration for those UE UL beams that are associated with gNB beams of similar spatial directions, but use separate closed-loop configurations for those UE UL beams that are associated with gNB beams of significantly different spatial directions.  It was agreed (TS 38.213 [8]) to support up to 2 closed-loops for UE uplink power control.
If the configuration of a separate closed-loop PC is needed in a certain deployment but not possible due to the limited number of (i.e., 2) available closed-loops, e.g., when the UE attempts to switch from communication with a beam from one TRP panel to a beam in another TRP panel with significantly different spatial directions, but both TRP panels are associated with the same closed-loop process, the closed-loop process would need to reset accumulation. 
Proposal 7: Support reset of closed-loop accumulation for the UE when switching between beams that point to significantly different spatial directions such as with multiple TRP antenna panels, when both beams/panels correspond to the same closed-loop process.
When a new gNB beam gets added to the set of active gNB beams for a UE, and that gNB beam has significantly different spatial characteristic and/or quasi-co-location (QCL) assumptions with all of the existing active gNB beams for that UE, then the accumulation of only the closed-loop power control linked to the new gNB beam (and therefore all other gNB beams sharing that closed-loop) should be reset.
When some of the spatial relations in the Transmission Configuration Indicator (TCI) gets updated/reconfigured, for all PUSCH/SRS/PUCCH transmissions that correspond to or associate with that TCI update/reconfiguration, if any at all, the accumulation status of the closed-loop power control process after the TCI update may reset or may inherit the current/last accumulation status before TCI update/reconfiguration, depending on the similarity or difference of the spatial relations of the reference signals (RSs) before and after the TCI update. However, for any other PUSCH/SRS/PUCCH transmissions that do not correspond to or associate with that TCI update/reconfiguration, the accumulation status of the closed-loop power control process should not reset after the TCI update/reconfiguration, i.e., should carry over the current/last status of the CL-PC process before TCI update/reconfiguration.
Proposal 8: In the event of any or all of the following: (i) addition of a new gNB beam to the set of active beams for a UE; (ii) reconfiguration of the mappings between SRI/TCI/PUCCH-SpatialRelationInfo and PC parameters; the corresponding closed-loop power control process will be impacted, i.e., reset or carry over depending upon the spatial relations before and after the beam addition and/or SRI/TCI/PUCCH-SpatialRelationInfo reconfiguration. 
Further Details on PHR
PC Parameter Selection for Virtual PUSCH PHR
Virtual PHR for PUSCH was agreed in RAN1 AH-1801 [1] in the case of CA/DC setting, but the details about which PC parameter set to use for virtual PHR was left for further study. 
From RAN1 AH-1801 Chairman Notes [1]:
Agreement:
Virtual PHR for non-scheduled serving cell for CA/DC case is supported
· For PHR reporting for multiple cells, if the UE does not transmit PUSCH in PUSCH transmission period i for carrier f of serving cell c, the UE computes power headroom for a Type 1 report as 
[image: ]
· MPR=0dB, A-MPR=0dB, P-MPR=0dB for serving carrier f of cell c
· FFS: how to determine j, q_d and l


Multiple options for selection of the PUSCH PC parameter set for virtual PHR can be considered:
1) The PC parameter set  is fixed in the specification, e.g., lowest index PC parameters. 
2) The value of OL index  is fixed in the specification, but the other indices  are RRC configured. 
3) The PC parameter set  is RRC configured, e.g., those corresponding to grant-free Type-1. 
Option (1) and (2) may limit the configuration; Option (3) can be a reasonable choice, since it has the lowest complexity and signaling overhead. 
Proposal 9: For virtual PUSCH PHR in the case of CA/DC, to determine the PC parameter set to use for PHR calculation, Support either fixed in specification or an RRC configuration similar to configured-grant Type-1. 
PHR Triggering upon a Successful Beam Failure Recovery
[bookmark: _GoBack]In beam failure recovery (BFR), the update to the operational gNB/UE beams are expected to be significant, in that new gNB beams (from the set of candidate new beam for BFR) are reconfigured to comprise the new set of active control beams for a UE. It is expected that, the data beams are also reconfigured in a BFR procedure, such that new DL RS resource are configured for PL estimation, and the linkages between PUSCH beam indication (based on SRI or TCI) are also reconfigured. In such a case, PHR triggering based on PL change may not be very well defined since the association between “old/reference” gNB beam and the “new/target” gNB beam may not be very clear anymore.  Therefore, it is useful to define a new PHR triggering condition based on BFR. In some sense, it is similar to the PHR triggering condition based on activation of an Scell or addition of PCell, i.e., PHR when new radio link (e.g., cell) is activated/added, which is already supported in both LTE and NR. 
Proposal 10: Support a new PHR triggering condition upon a successful beam failure recovery (a.k.a., link reconfiguration procedure). Send an LS to inform RAN2 of this RAN1 recommendation. 
Conclusion
In summary, we propose the followings for NR non-CA power control:
Proposal 1: 
· For PUSCH Msg3, prior to RRC_CONNECTED state, the CL-PC index is  as already specified in TS 38.213. 
· For  UE in RRC_CONNECTED state, following options can be considered for the CL-PC for Msg3: (i) fixed to ; (ii) separately RRC configured; (iii) implicitly determined based on the linkage between SRI and  via the SS/PBCH block used in the RACH procedure, with fallback to  in case of no SRI.   
Proposal 2: For grant-based PUSCH transmission, when no or only one SRS resource is configured, 
· UE assumes a spatial relation between the PUSCH transmission and the CORESET DM-RS antenna port associated with PDCCH reception of the UL grant for the PUSCH for determining the PUSCH beam and corresponding PUSCH PC parameters.
·  Define mapping between the set of TCI states, SS/PBCH block and set of PUSCH PC parameter indices . 
Proposal 3: For PC parameter configuration and indication for PUSCH transmissions with configured grant, at least for Type-2, follow the same principles of grant-based PUSCH transmission - explicit RRC linkages defined between SRI/TCI/SS-PBCH and . indices for grant-based PUSCH can be reused.
Proposal 4: For PUCCH transmission, when PUCCH-SpatialRelationInfo is configured with more than one value, but MAC-CE command for selection of one value from PUCCH-Spatial-Relation-Info is not activated, align PC parameter configuration and/or indication with agreements in MIMO agenda item, e.g., based on an explicit RRC linkage between possible default/fallback PUCCH beam indication(s) and the PUCCH PC parameter set.
Proposal 5: For PUSCH, PUCCH, and SRS transmission, update the RAN1 agreements and TS 38.213 to mandate the CL-PC reset (i.e., “shall reset”) for the UE upon reconfiguration of OL-PC parameters by the gNB. In all such cases, clarify that the first value after CL-PC reset is zero. 
Proposal 6: For PUSCH / PUCCH transmission, specify which CL-PC process to reset upon reconfiguration of OL-PC parameters, aligned with the agreements for the cases without SRI / PUCCH-Spatial-Relation-Info. 
Proposal 7: Support reset of closed-loop accumulation for the UE when switching between beams that point to significantly different spatial directions such as with multiple TRP antenna panels, when both beams/panels correspond to the same closed-loop process.
Proposal 8: In the event of any or all of the following: (i) addition of a new gNB beam to the set of active beams for a UE; (ii) reconfiguration of the mappings between SRI/TCI/PUCCH-SpatialRelationInfo and PC parameters; the corresponding closed-loop power control process will be impacted, i.e., reset or carry over depending upon the spatial relations before and after the beam addition and/or SRI/TCI/PUCCH-SpatialRelationInfo reconfiguration. 
Proposal 9: For virtual PUSCH PHR in the case of CA/DC, to determine the PC parameter set to use for PHR calculation, Support either fixed in specification or an RRC configuration similar to configured-grant Type-1. 
Proposal 10: Support a new PHR triggering condition upon a successful beam failure recovery (a.k.a., link reconfiguration procedure). Send an LS to inform RAN2 of this RAN1 recommendation. 
References
[1]  “RAN1 Chairman’s Notes”, RAN1 AH-1801, Vancouver, Canada, January 2018.
[2] TS 38.213, “NR, Physical layer procedures for control”, Rel. 15, v15.0.0 CR, February 2018.
[3]  R1-1801187, “Feature lead summary 3 of beam measurement and reporting”, Ericsson, January 2018.



image1.wmf
{

}

)

,

(

)

(

)

(

)

(

)

(

~

)

,

,

,

(

,

,

,

O_PUSCH,

,

,

CMAX

type1,

l

i

f

q

PL

j

j

P

i

P

l

q

j

i

PH

c

f

d

c

f

c

f

f,c

c

f

d

f,c

+

×

+

-

=

a


image10.wmf
{

}

)

,

(

)

(

)

(

)

(

)

(

~

)

,

,

,

(

,

,

,

O_PUSCH,

,

,

CMAX

type1,

l

i

f

q

PL

j

j

P

i

P

l

q

j

i

PH

c

f

d

c

f

c

f

f,c

c

f

d

f,c

+

×

+

-

=

a


