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1 Introduction
RAN2 have agreed to the introduction of autonomous retransmissions in NR-U. This mechanism allows the UE to autonomously retransmit a transport block on configured grants, in case the UE’s channel access collided with a transmission from another device or if the gNB’s HARQ response fails. In cases where the NW is unaware of the initial transmission occasion of a transport block, MAC CEs that depend on this information such as the PHR can be affected [1] [2]. In this contribution, we take a closer look at this issue, and suggest a means of removing the dependency of the PHR MAC CE from its initial transmission time.
2 Discussion
2.1 Background of autonomous retransmissions
Accesses to unlicensed spectrum require channel sensing mechanisms such as listen-before-talk (LBT) prior to each transmission, which can introduce delays to the NR-U operation. A typical dynamic UL transmission would result in the need for two LBT attempts: one for the DCI and the other for the transmission of data, which in turn introduces two points of failure. To avoid DCI transmission failures due to LBT, the use of configured grants (CG) has been recommended early on in the study on NR-U.
Once data has been transmitted on the CG, there are further considerations for operation in the unlicensed spectrum. The UL transmission could collide with a transmission from another device operating in the unlicensed channel. This could result in the NW being unable to detect the UE’s transmission attempt and would therefore not schedule a retransmission. In case the NW was able to detect the UE’s transmission attempt, another consideration is the retransmission-DCI’s transmission failure due to LBT and/or collisions. To work around these issues, RAN2 introduced the mechanism of autonomous retransmission, where the UE would retransmit data on the CG, if it has not received feedback from the gNB within a period of time.
2.2 PHR issues with autonomous retransmissions
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[bookmark: _Ref16762518]Figure 1: Multiple Entry PHR MAC CE with less than 8 serving cells configured with uplink
The autonomous retransmission mechanism solves issues with LBT and collisions of UL transmissions in NR-U, but introduces a problem in regard to decoding information carried in the PHR as shown in Figure 1. The power headroom (PH) reported in a PHR is calculated based on ongoing transmissions on several carriers that overlap in time with the transmission occasion of the PHR. As the PH on a carrier varies with the size of the UL allocation (i.e. number of PRBs allocated) on the carrier, the PH available in the UE for a carrier can only be correctly determined by the gNB, if it is aware of the UL allocation size for each carrier. In autonomous retransmission cases, the gNB may not always be aware of the initial transmission occasion of a transport block (TB). As a result, the gNB would also be unaware of the grants received on various carriers at the time of the initial transmission occasion, and therefore be unable to reliably determine the UE’s power headroom for a carrier from the PHR.
Observation 1: As the gNB may not know the initial transmission occasion of a TB that has been autonomously retransmitted, the PH per carrier cannot be reliably determined from the PHR MAC CE.
To solve this issue, the time that the PH reported in the MAC CE corresponds to, needs to be reliably known by the gNB. A simple way to do so, is to decouple the link between the PH reported in the MAC CE and its initial transmission occasion. This can be achieved with the addition of a timestamp into the MAC CE, an example of which is illustrated in Figure 2 below.
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[bookmark: _Ref16762784]Figure 2: Multiple Entry PHR MAC CE with a timestamp
A timestamp that includes the frame and slot number of the initial transmission occasion of the PHR is included in the MAC CE. The PH reported in the PHR MAC CE considers those transmissions on other serving cells that overlap with the time indicated in the MAC CE, similar to Rel-15. In the example above, only the 8 least significant bits of the SFN are considered as this covers a duration of 2.56 seconds. This is a sufficiently long duration to avoid timestamp mismatch aberrations due to wraparound. The timestamp adds two extra bytes to the PHR MAC CE which should not be an issue when considering NR data rates. 
Proposal 1: The PHR includes a timestamp (SFN and slot) of the time that the reported power headroom corresponds to.
3 Conclusion
In this contribution we make the following observations and proposals:
Observation 1: As the gNB may not know the initial transmission occasion of a TB that has been autonomously retransmitted, the PH per carrier cannot be reliably determined from the PHR MAC CE.
Proposal 1: The PHR includes a timestamp (SFN and slot) of the time that the reported power headroom corresponds to.
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