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1 Introduction

According to the current PHY specification [1], a UE can be configured with up to four path-loss reference signals (referred as PL-RS thereafter). And PHR can be triggered due to path loss variation on any of these reference signals. In this contribution, we discuss the impact of this design on the current PHR procedure and PHR MAC CE format.
2 Discussion

If a UE is configured with multiple PL-RSs, PHR can be triggered by path loss change on any of the configured PL-RSs (referred as triggering PL-RS thereafter). According to the current MAC specification [2], after a PHR is triggered, a PHR MAC CE is sent in the next available PUSCH resource whose UL grant is the first one received after the PHR was triggered. 
However, there is no requirement on whether this PUSCH transmission needs to have the same PL-RS as the PL-RS that triggered the PHR. In other words, it is possible that a PHR is triggered due to large path loss change on PL-RS #1, but the PUSCH transmission in the same serving cell is associated with PL-RS #2. Since the two PL-RSs are not the same, the reported power headroom reflects only the path loss condition of the PL-RS #2 for the PUSCH transmission. As a result, network may not get much useful information about the path loss condition of the triggering PL-RS #1 from the received PHR. Similarly, this issue also applies to a serving cell that reports virtual power headroom, because per current PHY specification, UE always calculates the virtual power headroom based on PL-RS #0 [1]. If a triggering PL-RS is not PL-RS #0, then its power headroom is not reported. Obviously, such an outcome depletes the original purpose of triggering this PHR. 
Observation. PHR MAC CE triggered by path loss change should indicate which path-loss reference signal triggered that PHR.
We think two solutions are possible to address the issue described above:
Option A
After a PHR is triggered due to path loss changes, UE includes the PHR MAC CE in a PUSCH transmission only if there is a PUSCH transmission in the same serving cell as the triggering PL-RS, and the PL-RS of that PUSCH transmission is the triggering PL-RS. 
Option B
When a PHR is triggered due to path loss change, UE includes a PHR MAC CE in the PUSCH transmission whose UL grant is the first one received after the PHR is triggered, i.e. the baseline behavior. However, if the PL-RS configured for the PUSCH transmission or the one used in virtual power headroom calculation is not the same as the triggering PL-RS, UE needs to include the virtual power headroom of the triggering PL-RS in the PHR MAC CE as well.  
Within the current format of PHR MAC CE, we think it is difficult, if not impossible, to group this additional information with other power headroom related fields for the same serving cell in contiguous octets. For example, suppose a triggering PL-RS is associated with a serving cell which has no PUSCH or SRS transmission in the slot that PHR MAC CE is sent. According to the current specification, only the virtual power headroom for that cell needs to be reported (i.e. Pcmax,f,c is omitted for that cell). Since we can’t change the definition of the fields P and V, network would not be able to know if there is an additional octet for this serving cell or not.

We think a simpler approach is to keep the current format of PHR MAC CE as is but append power headroom of the triggering PL-RSs at the end, as shown in Figure 1. 
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Figure 1. Proposed new format for multi-entry PHR MAC CE.
In this proposed new format, two octets of information about a triggering PL-RS is appended at the end of PHR MAC CE if one of the following two conditions is met:

· This PL-RS is for a serving cell that has a PUSCH transmission in the slot in which PHR MAC CE is sent, but it is different from the path-loss reference signal associated with that PUSCH transmission; or  

· This path-loss reference signal is for a serving cell that does not have a PUSCH transmission in the slot in which PHR MAC CE is sent and is not path-loss reference signal #0.

The following fields are included in these two octets:
· The first octet includes C-index, which is the index of its serving cell, and RS-index, which is the index of the triggering PL-RS itself. 
· The second octet includes virtual power headroom level calculated based on the triggering PL-RS. 
· All “R” bits in Figure 1 are reserved bits.
For the single-entry PHR MAC CE, one additional octet is included at the end of PHR MAC CE if the following conditions are met:

· If the PHR is triggered due to path loss variation; and

· The triggering PL-RS is different from the one associated with the PUSCH resources over which the PHR MAC CE is sent. 

The format of the proposed single-entry PHR MAC CE is illustrated in Figure 2. The two fields in the new octet are defined as follows:
· RS-index indicates the index of the triggering PL-RS. 

· PH-t indicates the virtual power headroom level calculated based on the triggering PL-RS. 
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Figure 2. Proposed new format of single-entry PHR MAC CE.

Comparing the two options above, we think Option B is more desirable, for the following reasons:

· Although Option A is simpler to implement and has less impact on the specification, a triggered PHR may experience a long delay before it can be sent, if network does not schedule UL grant with the same PL-RS in that serving cell for a while. This could happen, for example, in cases where a PL-RS is configured for candidate UL PUSCH beams.  
· Option B can report path loss events in a timely manner, which is important to the effectiveness of power control loops. Its potential downside is that it requires changes to the existing format of PHR MAC CE. But we think the impact of the proposed change is rather small, because it only appends new fields to the existing format and hence can be added to the existing UE and gNB implementation without changing the existing code.
Proposal 1. 
In PHR MAC CE, add power headroom level of a path-loss reference signal whose change in path loss triggers a PHR, if one of the following conditions is met in the slot where PHR MAC CE is sent:

· This triggering path-loss reference signal is not the same as the path-loss reference signal used by the PUSCH or SRS transmission in the same serving cell; or
· It is not path-loss reference signal #0, if there is no UL transmission in the same serving cell. 

3 Summary
Based on the above discussions, we recommend RAN2 to discuss and decide on the following observation and proposal:

Observation.
PHR MAC CE triggered by path loss change should indicate which path-loss reference signal triggered that PHR.
Proposal 1. 
In PHR MAC CE, add power headroom of a path-loss reference signal whose change in path loss triggers a PHR, if one of the following conditions is met in the slot where PHR MAC CE is sent:

· This triggering path-loss reference signal is not the same as the path-loss reference signal used by the PUSCH or SRS transmission in the same serving cell; or

· It is not path-loss reference signal #0, if there is no UL transmission in the same serving cell. 
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