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Discussion/Decision
1 Introduction

As per last meeting’s agreement, PH of a CC could be transmitted over the other CC. The question is how to derive the power headroom of non-transmitting CC. The contribution discusses the possible ways and proposes two feasible alternatives.
2 Discussion
PH (Power Headroom) is the difference between the maximum power and the required transmission power. PH is CC specific. To deliver the PH more quickly, it was decided to allow PH of a CC to be transmitted over the other CC.  

Before getting into the discussion, Following terminologies are defined.
· Transmitting CC: CC or UL resource of a P/SCell for which PH is reported and where uplink transmission is taken place for PHR transmission
· Non-transmitting CC: CC or UL resource of a P/SCell for which PH is reported and where uplink transmission is not taken place for PHR transmission
· Corresponding CC: CC or UL resource of a P/SCell which a PH is concerns to. 
For example, if MAC PDU over CC 1 carries PH of CC 1 and CC 2, transmitting CC is CC 1, non-transmitting CC is CC 2.
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Figure 1 Example
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The problem to be solved is how to calculate the power headroom of non-transmitting CC. From the definition, power headroom of a CC is the difference between the maximum power of the CC and the required power for the current transmission.
So to say, power headroom of ith subframe, PH(i), is calculated from the number of resource blocks(MPUSCH(i)), ΔTF (power offset derived from the MCS), pathloss , f(i)( accumulated TPC commands) and other constants/parameters. If there is no PUSCH transmission, MPUSCH and ΔTF cannot be put into the formula.

In the context of carrier aggregation and per-CC PHR, if there is no PUSCH transmission, what need for PH calculation for CC x are as following.

· PCAMX,CC x
· Transmission format (i.e. number of resource blocks, MCS)

· Pathloss

· Accumulated TPC commands

· Other CC specific constants (PO_PUSCH(j), α)

It is rather straightforward that corresponding CC’s pathloss, accumulated TPC commands and other CC specific constants should be used. 

PCMAX,CC x (the maximum uplink transmission power of the CC x) and transmission format are a bit controversial. If there is no uplink transmission for a CC, PCMAX,CC for that CC cannot be determined. It is obvious that there is no transmission format without uplink transmission. In the following sections, PCMAX,CC and transmission format for non-transmitting CC are discussed.
2.1 PCMAX,CC for non-transmitting CC 

Number of parameters listed below are required for PCMAX,CC determination. How to determine PCMAX,CC is explained in [1] in more detail.
· Resource location: whether the PUSCH transmission resource locates at the edge of a certain frequency bands or not.  
· Channel bandwidth: the bandwidth of the CC that transmission is taken place. 
· Frequency band: the frequency band where the uplink transmission is taken place
· PEMAX,cc, RB_starts (the lowest RB index of transmitted resource blocks), L_CRB (the length of a contiguous resource block allocation) as defined in 36.101
If there is no PUSCH transmission, part of above parameters are not available.  Hence to calculate PCMAX,CC of the non-transmitting CC those parameters should be artificially provided. We see following alternatives.

Alternative 1: To define reference values for those parameters not available without transmission. 

Alternative 2: To use the transmitting CC’s value for those parameters not available without transmission.

Alternative 3: To use predefined PCMAX,CC.

Alternative 4: To use PCMAX,CC of the transmitting CC.

In alternative 1, set of reference values are defined for the parameters that are not available for non-transmitting CCs. For example, reference value for the resource location could be “at the edge of the frequency band” so that PCMAX,CC always takes ΔTc into account. Reference values for RB_starts and L_CRB are also defined such that UE can determine PCAMX,CC of the non-transmitting CC. Other parameters such as channel bandwidth, frequency band, PEMAX,CC etc could be taken from the corresponding CC. The reference values should be known both for the UE and ENB so that both parties determines the PCMAX,CC based on the same assumption. 

In alternative 2, UE and ENB share a rule that dictates which parameter is taken from transmitting CC and which from corresponding CC. For example, channel bandwidth, frequency band and PEMAX is taken from the corresponding CC because those parameters are more relevant for the corresponding CC. Meanwhile, resource location, RB_starts and L_CRB  is taken from the transmitting CC because those parameters are only available in the CC where uplink transmission is actually taken place. One concern on this alternative is that UE may be forced to determine PH for non-existing case. For example, the scheduled resource are [10 RBs, RB_start = 8, L_CRB = 10] while the corresponding CC’s bandwidth is 1.4 MHz. Since it is an non-existing case, UE may not be able to determine the PCMAX,CC  
In alternative 3, a predefined value is used for PCMAX,CC of the non-transmitting CC. The value could simply be the Power class of the UE (e.g. 23 dBm) or more CC specific one like PEMAX of corresponding CC. This alternative does not reflect the true PCMAX,CC however it may still be a useful information in a sense that ENB can calculates the transmission power itself. In multiple CC scheduling, this information could be more useful than power headroom because individual CC’s transmission power would be well below the PCMAX,CC. ENB may be more interested in the sum of individual CC’s transmission power in such case.

In alternative 4, PCMAX,CC of the transmitting CC is used as PCMAX,CC of non-transmitting CC. Since there is always only one transmitting CC (i.e. only one CC carries the PH information of a specific non-transmitting CC), it is also a simple solution that avoid any unnecessary UE complexity. However the information provided in this alternative seems not that useful as those in other alternatives.
Alternative 1 and 3 seem feasible and acceptable. Alternative 1 reflects more accurate PCMAX,CC while alternative 3 is simpler. 

2.2 Virtual transmission format for non-transmitting CC 

To calculate the PH of the non-transmitting CC, it is clear that kind of virtual transmission format (i.e. # of resource blocks and MCS level) is required. There seem two approaches.

Alternative 1: To use a predefined transmission format.

Alternative 2: To use the transmission format of the transmitting CC. 

In alternative 1, a transmission format is predefined to be used for non-transmitting CC. The format is fixed and ENB would get the power headroom information from that particular format.

In alternative 2, the transmission format of the transmitting CC is used for non-transmitting CC. The format is variable and ENB get the power headroom information on various formats depending on the transmission format of the transmitting CC. A strange situation may occur that the transmission format is not compatible with the non-transmitting CC. For example, transmission format of the transmitting CC is [10 RBs, 0.333] and the channel bandwidth of the non-transmitting CC is 1.4 MHz (i.e. only 6 RBs exist). Then the PH information contains the power headroom of the non-existing case. However, this seems not a real problem because the number of RBs in PH calculation is a linear function; hence ENB can calculate the realistic PH from the given PH. For example, if the reported PH is 3 dB, ENB knows from that information that 6 dB of power headroom will be available if 5 RBs are scheduled for that CC with the same MCS level.

2.3 Which combination should be chosen? 

We consider following two combinations are feasible.

1. Alt 1 for virtual PCMAX,CC + Alt 1 for virtual transmission format

2. Alt 3 for virtual PCMAX,CC + Alt 2 for virtual transmission format
If combination 1 is adopted, RAN4 needs to be involved in determining the reference values for RB_starts, L_CRB, # of RBs and MCS. If combination 2 is adopted, RAN2 would be able to progress without other WG’s involvement. In performance point of view, combination 2 seems better in a scenario where individual CC’s transmission power is well below PCMAX,CC and combination 1 better in a scenario where one of CC’s transmission power is high close to the PCMAX,CC. 
3 Conclusion
It is proposed to discuss the issue and to make a decision between the combination 1 and combination 2.

Combination 1: reference values for PCMAX,CC and reference values for the transmission format

Combination 2: Fixed PCMAX,CC and transmitting CC’s transmission format
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