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Introduction
A UE operating with CA in NR (NR-CA) needs to support multiple heterogeneous uplink (UL) transmission to different serving cells, e.g., multiplexing of slot based PUSCH, non-slot based PUSCH, long PUCCH, and short PUCCH, and/or same or different subcarrier spacing (SCS) among UL transmissions, which include more complex combinations and scenarios than those addressed in LTE-CA or LTE dual connectivity (DC). 
Cross-carrier pathloss indication was a feature introduced in LTE Rel. 10. However, such a concept has not been discussed for CA-based power control in NR yet, although cross-carrier beam indication has been very recently agreed in RAN1. Furthermore, in previous meetings, RAN1 reached agreements on a priority rule for CA-based power control for both full and partial overlap between transmissions of different CCs when the UE is power limited. However, the priority rule did not consider all details of transmission parameters (such as transmission length and subcarrier spacing). Virtual power headroom report (PHR) for PUSCH based on default PC parameter setting was also agreed in previous meetings. However, some of the details of such a default setting are still open.
In this contribution, we provide our views on cross-carrier indication of power control parameters; the priority rule for overlapping transmissions in a CA operation; as well as several details concerning PHR for CA/DC operation. We also discuss a remaining issue for dynamic EN-DC power sharing with LTE SPS uplink skipping. 
Cross-Carrier Indication of Power Control Parameters
In carrier-aggregation operation in LTE, cross-carrier indication of DL pathloss reference is used via RRC parameter pathlossReferenceLinking-r10 to indicate that the DL pathloss reference for transmission on uplink carrier of a secondary cell can be the DL pathloss of the primary cell (PCell or PSCell), for which the higher-layer filtered RSRP can be estimated more accurately and/or more frequently. A similar RRC parameter pathlossReferenceLinking is preserved by RAN2 in the NR RRC spec TS 38.331 [6], but no corresponding functionality has been introduced by RAN1 in TS 38.213 [1]. 
ServingCellConfig ::=		SEQUENCE {
	
<unrelated parts omitted>

	-- Indicates whether UE shall apply as pathloss reference either the downlink of PCell or of SCell that corresponds with this uplink
	-- (see 38.213, section 7)
	pathlossReferenceLinking			ENUMERATED{pCell,sCell}		OPTIONAL	-- Cond SCellOnly
}
Cross-carrier beam indication was agreed in RAN1 #92-bis [5] to reduce the signaling overhead needed for (uplink) spatial relation configuration and to increase the set of beam indications available for a serving cell using the DL or UL beams / spatial relations configured in other serving cells / uplink carriers / bandwidth parts (BWPs). 
 (
Agreement
: (RAN1 #92-bis, April 2018
 [
5
]
)
Support uplink cross-carrier beam indication for PUCCH and SRS 
Add Cell index and BWP information in 
SpatialRelation
 configuration
R1-1805739
[DRAFT] LS on UL cross carrier beam indication
Samsung
LS is endorsed in R1-1805627 with the following additional sentences: “RAN1 has agreed on cross carrier indication of spatial relations with SRS and PUCCH. For the case of SRS, changes are needed to the MAC CE message used for activating semi-persistent SRS to enable cross carrier indication. RAN1 suggests that RAN2 take this into their work.”
)
Based on the above agreements, RAN1 asked RAN2 to add the below RRC parameters in PUCCH-SpatialRelationInfo and spatialRelationInfo. 

	RRC parameter
	Value range
	Description

	cell
	(0..maxNrofServingCells-1)
	ServCellIndex

	bwp-Id
	(0..maxNrofBWPs)
	BWP-Id


Accordingly, it is necessary that NR supports cross-carrier indication for uplink power control parameters for NR. This will reduces 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. 
To support cross-carrier indication for PC parameters, some approaches can be considered:
· Option (a): Include cell-/carrier-index and a BWP-index in the PUSCH-PathlossReferenceRS (for PUSCH power control) or PUCCH-PathlossReferenceRS (for PUCCH power control) or in the SRS resource set configuration (for SRS power control). In this case, the power control parameters - the DL pathloss reference index , Po, and alpha - are the parameters configured in the indicated cell/carrier/BWP. 
· Option (b): For a SCell, if RRC parameter ‘pathlossReferenceLinking’ is present and indicates PCell/PSCell, then PUSCH/PUCCH/SRS DL pathloss reference index , ,  is the index configured in the indicated PSCell/PSCell. The open-loop Po, and alpha power control parameters are the parameters configured in the SCell in which the ‘pathlossReferenceLinking’ is configured. 
· Option (c): Use the cell/uplink/BWP index in the SpatialRelationInfo IEs within SRS/PUCCH to determine the cell/uplink/BWP configured with PUSCH/PUCCH DL pathloss reference, and open-loop Po and alpha parameters. 
Proposal 1: For PUSCH/PUCCH/SRS power control, cross-carrier indication of power control parameters (DL pathloss reference, and the open-loop Po, alpha) should be considered when cross-carrier beam indication is configured.
· Option (a): Include configuration of serving cell / uplink carrier / BWP index in  PathlossReferenceRS configuration
· Option (b): Include UE behaviour for the RRC  “pathlossReferenceLinking” parameter
· Option (c): Use the serving cell / uplink carrier / BWP index in the SpatialRelationInfo IEs within SRS/PUCCH. 
Priority Rule for Overlapping Transmissions w.r.t. Numerology and TTI Length
Existing priority rule agreed in CA operation with full or partially overlapping transmissions is given below:
 (
From RAN1#91 [
2
]
PRACH of PCell > PUCCH/PUSCH with ACK/NACK and/or SR > PUCCH/PUSCH with other UCIs > PUSCH w/o UCI > SRS/PRACH of SCell
)
The impact of transmission parameters such as TTI length and subcarrier spacing, however, was not considered. Since these parameters are likely to be used by higher layers to map logical channels/signals with different priority levels or to map data corresponding to different services with different reliability and/or latency requirements, the physical channel needs to carefully take those aspects into account. For example, in LTE, a general rule has been that short-TTI (sTTI) transmission should be prioritized over regular-TTI (i.e., 1 ms) transmission. In NR, transmission parameters are much more flexible, with different length mini-slot transmissions with regular slot-based transmission, and also different subcarrier spacing options. Following the rationale in LTE, we believe the transmissions should be prioritized based on their TTI length and subcarrier spacing, such that transmission with shorter TTI length and/or larger subcarrier spacing should have higher priority. 
Proposal 2: Specification should support, within each priority level for a set of channels/signals in CA-based power control, (i) a higher priority for shorter TTI over longer TTI, and (ii) a higher priority for larger subcarrier spacing over smaller subcarrier spacing.
PC Parameter Selection for Virtual PUSCH PHR
Virtual power headroom report (PHR) for PUSCH was agreed in RAN1 AH-1801 [3] in the case of CA/DC setting, and the usage of a default PC parameter set (instead of e.g., an RRC configured PC parameter set) was agreed in RAN1 #92 [4], for which some details were agreed in RAN1 #92-bis [5]. However, some details are still open.
 (
Agreement:
 (RAN1 AH-1801
 [3]
)
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 
MPR=0dB, A-MPR=0dB, P-MPR=0dB for serving carrier 
f
 of cell 
c
FFS: how to determine 
j
, 
q
_d and 
l
Agreement
 
(
RAN1 #92-bis [5])
Default parameter setting for virtual PHR
How to set
 {j, q
d
, l}
For 
j, P0alphasetindex
 = 0 of 
p0-pusch-alpha-setconfig
For 
q
d
, 
pusch-pathlossreference-index
 = 0 of 
pusch-pathloss-Reference-rs
For 
l, l =
0
Note: If the UE is configured with multiple UL BWPs, j, qd, l corresponding to lowest BWP ID are used
)[image: ]
If a UE is configured with SUL and/or with bandwidth part (BWP) operation on a serving cell, and if the MAC-CE format requires the UE to report only one PHR per serving cell, then another aspect to consider for such a default PC setting for virtual PUSCH PHR is to specify which UL carrier (i.e., the main/normal UL carrier or the SUL carrier) should be used for calculation of the virtual PUSCH PHR. 
For the selection of a default setting for UL carrier for virtual PUSCH PHR, the following options can be considered:
1) The carrier configured for PUSCH if the UL/SUL location of PUSCH is semi-statically configured. 
2) The carrier configured for PUCCH if the UL/SUL location of PUSCH can dynamically change. 
3) An explicitly fixed carrier in the specification, e.g., always the UL (i.e., non-SUL) carrier. 
Proposal 3: Virtual PUSCH PHR in the case of CA/DC, to determine the default PC setting,
· For the selection of the uplink carrier, 
· semi-statically configured carrier for PUSCH if present, otherwise one of the options
· (i) semi-statically configured carrier for PUCCH, or 
· (ii) a fixed carrier e.g. the non-SUL carrier
 PHR for CA with Different Numerologies
For NR CA due to the support of different numerologies, one slot respectively PUSCH duration of a carrier can overlap with multiple slots/PUSCH durations of another carrier, e.g., eMBB on one carrier and URLLC on another carrier, as shown in Figure 1. In this case gNB when receiving an extended PHR would not be aware of which slot the Power headroom information refers to. For example, in a scenario where an extended PHR report is triggered and subsequently transmitted in a slot, which overlaps with multiple slots on a different carrier, gNB would not know which of the overlapped slot is the reference for the PH calculation.  Therefore, due to such ambiguity, the gNB may base its future scheduling decisions on wrong assumptions, i.e. how close the UE is operating on the power limit, which may lead to either power scaling or under-utilization of resources. 

[bookmark: _GoBack]

Figure 1: PHR reporting for NR CA

Figure 1 shows an example NR CA scenario where different component carriers use a different subcarrier spacings. The extended PHR MAC CE carrying PH information for the three CCs is transmitted in SlotN on CC1. Since SlotN on CC1 spans over several slots on CC2 and CC3, a PHR reference slot needs to be defined in order to ensure that gNB interprets the received PHR correctly. In order to avoid a potential misalignment between gNB and UE, fixing the reference PHR slot could be the simplest and most robust approach. Hence, we propose that PHR reference slot for CA operation among NR cells using different slot durations is the first overlapped slot. Taking the example shown in figure 1, UE would include in the extended PHR MAC CE PH information for CC2 based on sloti (virtual PHR) and for CC3 PH information based on slots (actual PHR). 
Proposal 4: PHR reference slot for CA operation among NR cells using different slot durations is the first full overlapped slot.
Dynamic EN-DC Power Sharing with UL Skipping
LTE-SPS operation can be configured with UL skipping, which can impact dynamic EN-DC power sharing, and the UE behavior needs to be specified. If an SPS occasion is skipped, no TB is constructed from padding bits when no UL data is available at the UE. The decision of skipping vs. transmitting for an SPS occasion maybe taken in less than 4ms prior to the SPS occasion. Depending on NR processing timeline and the value of K2 (gap between the UL grant in slot N and corresponding uplink data transmission in slot N+K2) indicated in the UL DCI, when the NR transmission power is decided for an NR transmission overlapping with the SPS occasion, the UE may not know if it’s going to skip/transmit an UL LTE SPS in the SPS occasion (as shown in Fig. 2 below). Thus, to avoid potential misalignment between gNB and UE, fixing the UE behaviour to assume the UE may assume, LTE transmissions will occur in the SPS occasions is preferred in case of dynamic power sharing and prevents UE transmit power from exceeding the maximum allowable transmit power.  
[image: ]
Figure 1: Transmit/skip decision for LTE SPS with UL skipping occasion subframe i1 is made after NR transmisison power is decided for NR slot i2. 
Proposal 5: For dynamic power sharing in EN-DC, and the UE configured with higher layer parameter skipUplinkTxSPS on the MCG, UE assumes SPS transmissions are not skipped on MCG for determining the transmission power on the SCG.
Conclusion
In summary, we propose the followings for NR CA-related power control:
Proposal 1: For PUSCH/PUCCH/SRS power control, cross-carrier indication of power control parameters (DL pathloss reference, and the open-loop Po, alpha) should be considered when cross-carrier beam indication is configured.
· Option (a): Include configuration of serving cell / uplink carrier / BWP index in  PathlossReferenceRS configuration
· Option (b): Include UE behaviour for the RRC  “pathlossReferenceLinking” parameter
· Option (c): Use the serving cell / uplink carrier / BWP index in the SpatialRelationInfo IEs within SRS/PUCCH. 
Proposal 2: Specification should support, within each priority level for a set of channels/signals in CA-based power control, (i) a higher priority for shorter TTI over longer TTI, and (ii) a higher priority for larger subcarrier spacing over smaller subcarrier spacing.
Proposal 3: Virtual PUSCH PHR in the case of CA/DC, to determine the default PC setting,
· For the selection of the uplink carrier, 
· semi-statically configured carrier for PUSCH if present, otherwise one of the options
· (i) semi-statically configured carrier for PUCCH, or 
· (ii) a fixed carrier e.g. the non-SUL carrier
Proposal 4: PHR reference slot for CA operation among NR cells using different slot durations is the first full overlapped slot.
Proposal 5: For dynamic power sharing in EN-DC, and the UE configured with higher layer parameter skipUplinkTxSPS on the MCG, UE assumes SPS transmissions are not skipped on MCG for determining the transmission power on the SCG.
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