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Introduction
 A LS, R1-1901487[1], was received from RAN2 on PHR procedure in dual-connectivity, concerning the PHR procedure in EN-DC. It was stated that 
RAN2 has discussed and agreed to the following change to LTE PHR procedure for EN-DC:
[bookmark: _Hlk530061386]After a PHR is triggered, if dualConnectivityPHR is configured, UE needs to report power headroom information of all activated LTE and NR serving cells.  For a NR serving cell, whether UE reports its PH value based on real transmission or reference format is determined based on UL transmissions that have been scheduled or configured until 4 ms prior to the TTI in which the PHR MAC CE is transmitted.
In addition, RAN2 has discussed and agreed to the following change to both LTE and NR PHR procedure:
For a band combination in which a UE is not capable of dynamic power sharing, the UE may omit reporting power headroom information for serving cells in the other MAC entity. 

The above PHR procedure in EN-DC has been discussed in RAN1. In particular, it has been realized that UEs may not have enough time to process LTE UL data that carries the NR PHR because TPC commands close to the actual UL transmissions need to be included in the NR PHR calculation. In this document, we discuss solutions to the timeline problem in terms of impacts on UE implementations and network scheduling. 

[bookmark: _Ref473802466][bookmark: _Ref462669569]Discussions

TPC Accumulation
For both PH based on a real transmission and PH based on a reference transmission, TPC accumulation, f(i,l) is needed. For DCI scheduled UL transmission, f(i,l)  is the accumulation of the TPC commands up to the last symbol of the corresponding DCI; for configured UL transmission, f(i,l) is the accumulation of the TPC commands up to min{k2} slots before the transmission [2].  The difference in the latest time of TPC accumulation is depicted in the Figure 1.



Figure 1. Latest time for TPC accumulation in UL power control: a). DCI schedule UL transmission, b) Configured UL transmission.

The PH value of a configured UL transmission can only be calculated within min{ k2} slots prior to the transmission, where k2 are configured in PUSCH-ConfigCommon.  Since min{k2} slots duration can be much smaller than 4 ms, it is impossible to carry such a PH in an LTE UL transmission without mandating much faster LTE processing time line.
Observation 1: There is often not enough processing time for an LTE UL transmission to carry the PHR of a configured NR UL transmission that overlaps with the LTE transmission, regardless when the NR transmission is configured.

To resolve the above problem, new TPC accumulation timeline needs to be defined for the purpose of reporting NR PH on LTE. In RAN1 96bis, the following recommendation was made to facilitate further discussions [2]. 
Further discuss until RAN1#97 for NR PHR on LTE, considering the alternatives below and possible updates: 
· Alt-1: If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC, accumulation of the TPC commands for NR PHR is received up to 4 ms prior to the subframe in which the LTE power headroom report is transmitted for the following cases
· Configured PUSCH transmission in type 1 PHR.
· Semi-persistent or periodic SRS transmission in type 3 PHR.
· Alt-2: 
· The TPC accumulation, f(i,l), is allowed to include TPC commands up to any time in between the PHR trigger and min{k2} slots prior to the reference slot.
· When NR PH is provided by LTE, it is up to the UE to decide the PHR is based on a reference transmission or real transmission.

Both of the above two alternatives don’t change PHRs based on an actual scheduled grant. This is because for scheduled grants the last TPC commands that affect the transmission power is the one included in the scheduling DCI that must arrive 4 ms before the PHR transmission for real PHR as shown in the figure below.


Figure 2. TPC accumulation timeline for scheduled grants.

In the sequel, unless specifically mentioned otherwise we focus on the PHRs for configured grants including semi-persistent and periodic SRS as well as PHRs based on reference transmissions. For these cases, PHR processing timeline for asynchronous EN-DC is depicted in the figure below.


Figure 3. NR PHR processing in EN-DC.

From Fig. 3, we have the following remarks.
· There could be one or multiple group power control commands received between 4ms prior to the LTE subframe that carries PHR and the time when NR starts PHR calculation upon the request from LTE. 
· Unless eNB knows all the gNB scheduling information including group power control DCIs in real time, e.g., eNB and gNB share a scheduler, it is preferred from Network scheduling point of view to include relevant TPC commands as much as possible in the PHR. That is, from Network point of view, Alt 2 TPC accumulation timeline is preferred.
· For asynchronous EN-DC, if an exact deadline for TPC accumulation were required, e.g., 4ms prior to the LTE subframe carrying the PHR, the NR symbol number and slot count corresponding to the time instance that is 4 ms prior to the LTE subframe would have to be available to NR in order to exclude any potential TPC commands that arrives later. This would preclude a typical implementation in which group TPC commands will be added to the TPC accumulation once it is received.
· In NR, power control is required to be performed after min{k2} symbols prior to a transmission as it is the latest time a scheduling DCI can arrive. This means that NR PHR on LTE is a process in addition to NR power control process and results of the former cannot be used for the latter.
 
We conclude the above in the following observation:
Observation 2: 
· The TPC accumulation timeline in Alt 2 can provide more up-to-date information on power control than that in Alt 1 from Network scheduling point of view. 
· Alt. 1 can impose significant implementation complexity while Alt.2 does not.

Real vs Reference PHR
In this section, we compare PHR based on an actual transmission and PHR on a reference transmission. 
Unless scheduling delay of NR is significantly increased in EN-DC, according to RAN2’s decision one can expect that the probability of an NR PHR based on real transmission is small for scheduled grants.
From Network scheduling point of view, the primary purpose of cross-RAT PHR is to inform the other RAT the PL and TPC accumulation. If the two RATs are closely coordinated, the receiving RAT at the network side can always have all the information it needed regardless if reference or real PHR is reported. If the two are less coordinated, e.g., eNB does not know the exact MCS and/or allocation of the NR, a real NR PHR does not tell anything more than the reference PHR unless NR never change the MCS and/or allocation. On the other hand, the two RATs can have some prior agreement on the range of MCS and resource allocation if the two cannot coordinate in real time. In this case reference PHR is as good as a real PHR. In addition, reference PHR is much easier to calculate because it does not dependent on MCS and resource allocation, which helps a lot in NR implementation because NR can take a fixed time to calculate PH for reporting to LTE. 
To summarize, we have the following observation
Observation 3: In EN-DC, PHR based on an actual transmission and PHR on a reference transmission provide similar amount of information to the Network but the latter is easier in implementation.


Reference Slot
When LTE and NR have different numerologies and/or are asynchronous, multiple NR slots can overlap with the LTE subframe that carries the PHR. Similarly, multiple LTE subframes can overlap with the NR slot that carries the PHR. In both cases, the reference slot and subframe are not defined. Following the principle of existing NR PHR, we can consider the first slot of an active NR BWP that starts within the LTE subframe carrying the PHR.  Combining this with Alt 2, we have the following proposal:

Proposal 1: For NR PHR on LTE

· The TPC accumulation, f(i,l), is allowed to include TPC commands up to any time in between 4ms prior to the LTE subframe that carries the PHR  and min{k2} slots prior to the transmission that starts within the LTE subframe for the following cases:
· Type 1 PHR based on a reference transmission 
· Type 1 PHR based on an actual configured PUSCH transmission
· Type 3 PHR based on a reference transmission 
· Type 3 PHR based on an actual semi-persistent or periodic SRS transmission
.
· It is up to the UE to decide the PHR is based on a reference transmission or real transmission in a slot that starts within the LTE subframe that carries the PHR.




Conclusions
In this contribution, we have discussed two alternatives for NR PHR on LTE identified in [2] and also included above with the following observations:
Observation 1: There is often not enough processing time for an LTE UL transmission to carry the PHR of a configured NR UL transmission that overlaps with the LTE transmission, regardless when the NR transmission is configured.
Observation 2: 
· The TPC accumulation timeline in Alt 2 can provide more up-to-date information on power control than that in Alt 1 from Network scheduling point of view. 
· Alt. 1 can impose significant implementation complexity while Alt.2 does not.

Observation 3: In EN-DC, PHR based on an actual transmission and PHR on a reference transmission provide similar amount information to the Network but the latter allows easier implementation.
Based on the above observations, we propose to adopt Alt 2, which when combined with NR reference slot is as below.
Proposal 1: For NR PHR on LTE

· The TPC accumulation, f(i,l), is allowed to include TPC commands up to any time in between 4ms prior to the LTE subframe that carries the PHR  and min{k2} slots prior to the transmission that starts within the LTE subframe for the following cases:
· Type 1 PHR based on a reference transmission 
· Type 1 PHR based on an actual configured PUSCH transmission
· Type 3 PHR based on a reference transmission 
· Type 3 PHR based on an actual semi-persistent or periodic SRS transmission
.
· It is up to the UE to decide the PHR is based on a reference transmission or real transmission in a slot that starts within the LTE subframe that carries the PHR.
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