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1 Introduction

In RAN1 #91 meeting [1], the following was agreed for a serving cell:
	Agreement:
Specification supports SRS PHR reporting for serving cell / uplink where PUSCH is not configured

•
SRS virtual PHR reporting is based on one SRS resource configured by the gNB

•
SRS PHR reporting is as in LTE type-3
Agreement:

For SRS PC, ULPC parameter(s) can only be configured per SRS resource set.


In RAN1 #90b meeting [2], the following was agreed:
	Agreements:
For SRS power control
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–       A unified power control equation is defined regardless of whether SRS is intended for DL/UL CSI acquisition or beam management as shown above.

   FFS whether or not to introduce P_SRS_OFFSET,c

   Note: the exact equation including the index of each parameter is up to the editor.

–       Whether or not SRS power control is tied with corresponding PUSCH power control is based on RRC signaling and the following is down selected.

   Alt.1: explicit configuration

   Alt.2: implicit configuration by gNB implementation

   e.g., gNB configures the same values for some parameters between PUSCH power control and SRS power control or the same association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop is applied for PUSCH and SRS power control

   In Alt.2, no RRC configuration is needed for signaling the direct linkage between PUSCH and SRS power control

–       FFS: details on the indication of the linkage via L1 signaling, e.g., using SRI in DCI, or an association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop applied for PUSCH and SRS power control


PHR is to report the power difference between the configured maximum output power and the predicted transmission power of PUSCH, PUCCH or SRS, so that the BS can make full use of the radio resources with respect to the UE transmission power. Both type 1 and 3 PHRs are supported in current spec, but there are still some issues to be discussed which will be detailed in the following.
2 Discussion
2.1 PHR for SRS not tied with PUSCH
Based on the agreement of RAN1 #90b meeting, whether or not SRS power control is tied with the corresponding PUSCH power control is based on RRC signaling. Thus for a serving cell with SRS power control tied with the corresponding PUSCH, type 1 PH is reported. However, if SRS power control is not tied with PUSCH in a serving cell where both SRS and PUSCH are configured, type 1 PH will no longer reflect the actual PH of SRS, because the configured power control parameters and even the transmission beams are different for PUSCH and SRS. In order to obtain the PH of SRS precisely, the PHs for SRS and PUSCH should be computed separately in this case. 
Proposal 1: Type 3 power headroom should be reported when SRS power control is not tied with the corresponding PUSCH in a serving cell where PUSCH is also configured.
As a consequence, the corresponding MAC CE format for reporting PHs should also be modified accordingly. One of the most straightforward methods is to design a new MAC CE comprising two entries with one for type 1 PH and the other for type 3 PH. Alternatively, we can also reuse the MAC CE for CA and identify the entries with same serving cell index by PH type.
Proposal 2: The following MAC CE formats can be considered for reporting the PHs when the power control of PUSCH and SRS is independent from each other:
Option 1: New MAC CE with 2 entries, one for SRS and the other one for PUSCH
Option 2: Reuse MAC CE for CA and identify the entries with same serving cell index by PH type
2.2 PHR for SUL
In RAN1 #90bis meeting and RAN2#99bis meetings, the followings were agreed for a serving cell configured with SUL:
	Agreement:
· SRS related RRC parameters are independently configured for SRS on the SUL carrier and SRS on the non-SUL UL carrier in the SUL band combination 

· SRS can be configured on the SUL carrier and non-SUL UL carrier, irrespective of the carrier configuration for PUSCH and PUCCH 


	Agreement:
Agreements for SUL operation in connected mode: 
1. When SUL is configured there are 2 ULs configured for one DL of the same cell. (FFS how much configuration is provided for the 2 ULs) 
2. At any point in time, each serving cell has at most one PUSCH for transmission 
  
Clarification of agreements 
1. In any slot, one PUSCH is used for transmission for a single serving cell (i.e. associated to a single DL). This excludes simultaneous transmission on 2 PUSCH within a single slot but does not restrict switching between the two PUSCH based on L1 /MAC/RRC signalling options. 
…


According to the previous agreements in RAN1 and RAN2, for a serving cell configured with both SUL and non-SUL carriers, the PUSCH on two UL carriers will be scheduled in a slot-based TDM manner. In addition, both PUSCH and SRS can be scheduled on SUL and non-SUL carrier dynamically. As a typical use case where SRS on non-SUL carrier providing channel information for DL MIMO transmission by the channel reciprocity of unpaired band, PUSCH and SRS may be scheduled on different UL carriers (SUL and non-SUL) in different symbols within a same slot, as shown in Figure 1.
The SUL and non-SUL carriers are in different bands, e.g. 3.5GHz for non-SUL and 1.8GHz for SUL respectively, thus the transmission on SUL and non-SUL may use different RF chains including different PAs, as well as probably different beams. As a result, the power control parameters can be quite different between SUL and non-SUL and two independent power controls have been introduced for two UL carriers within one serving cell according to Section 7 of TS 38.213[3]. Obviously, the power headrooms of two UL carriers for one UE can be different for the following reasons,

· Independent power control loop for each UL;
· Independent parameters of power control for each UL, e.g. Pcmax,f,c and P0;
· Quite different fading characteristics of channel propagation between two ULs due to quite different channel frequencies, e.g. 3.5 GHz v.s. 1.8 GHz;
· Different maximum output power reduction (MPR) for each UL , e.g. due to different UL transmission waveforms, DFT-s-OFDM or CP-OFDM [4]; 
· Different additional maximum output power reduction (A-MPR) for each UL [4].

However, the current PH reporting per cell mechanism is not able to report PH for the two UL carriers in the same cell, simply because only single PH-entry PHR MAC CE can be used for non-CA case like a cell configured with SUL. Therefore, separate PHRs, at least separate PHRs for PUSCH and SRS on different UL carriers within the same cell should be supported. 
[image: image2.png]3.5GHz
TDD

1.8GHz
SUL

SRS





Figure 1 Example of a typical use case for PUSCH and SRS transmission
Proposal 3: Power headroom should be reported per UL within a serving cell at least when the SRS and PUSCH are scheduled on different UL carriers.
Based on the above discussion that PH reporting should be per UL carrier within a cell, the PHR MAC CE format should also be changed accordingly. 
As to the MAC CE format for reporting PHR for SUL and non-SUL, one option is to define a new MAC CE format with two entries for stacking the UL carriers in a certain cell based on a pre-specified ordering, e.g. SUL first and non-SUL next, etc. Another option is to reuse the MAC CE for CA and define a mapping from entries with the same serving cell index to normal UL or SUL.
Proposal 4: The following two options can be considered as the MAC CE format for reporting PHRs for SUL and non-SUL:
Option 1: New MAC CE with 2 entries, one for SUL and the other one for non-SUL
Option 2: Reuse MAC CE for CA and define a mapping from entries with the same serving cell index to non-SUL and SUL
3 Conclusions
In this contribution, the PHRs for PUSCH and SRS as well as SUL and non- SUL are discussed. We have the following proposals:
Proposal 1: Type 3 power headroom should be reported when SRS power control is not tied with the corresponding PUSCH in a serving cell where PUSCH is also configured.
Proposal 2: The following MAC CE formats can be considered for reporting the PHs when the power control of PUSCH and SRS is independent from each other:

Option 1: New MAC CE with 2 entries, one for SRS and the other one for PUSCH
Option 2: Reuse MAC CE for CA and identify the entries with same serving cell index by PH type
Proposal 3: Power headroom should be reported per UL within a serving cell at least when the SRS and PUSCH are scheduled on different UL carriers.
Proposal 4: The following two options can be considered as the MAC CE format for reporting PHRs for SUL and non-SUL:
Option 1: New MAC CE with 2 entries, one for SUL and the other one for non-SUL
Option 2: Reuse MAC CE for CA and define a mapping from entries with the same serving cell index to non-SUL and SUL
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