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1 Introduction

In RAN2 #89 meeting,  it is agreed [3] that the UE reports a Type 2 PHR for all serving cells configured with PUCCH, but the MAC CE format is FFS. 
In this contribution, the possible MAC CE format is discussed for the case of up to UL 32 CCs and provided our preference.
2 Discussion
It was agreed in RAN 1 that there will be at most two PUCCHs (of which one is always on the PCell) for up to 5 CCs (i.e. 2 Type2 PHs; one for PCell and other on a SCell). For more than 5CCs, the number of PUCCH SCells is yet to be decided. Hence the PHR format design has to take this into consideration.
Since it has been decided that PUCCH SCell can also be deactivated, the presence of Type 2 PH for PUCCH SCell depends on whether it is configured and activated. It also has to handle PHR when CA and DC are configured at the same time and when only CA is configured. To support up to 32 UL CCs in both cases, the PHR format also has to be able to indicate the configured UL CCs up to a possible of 32CCs.

In the case that only 2 PUCCHs per UE is agreed by RAN 1 for the case of beyond 5CCs, the PHR format will be very similar to the DC PHR format. The differences are just that the:

· Type 2 PH for the PUCCH (other than the Type 2 PH of the PCell) may be present if DC is configured or if the PUCCH SCell is activated. 
· The bitmap has to be extended to allow indicate the presence of PH for up to 31 activated UL CCs

In the case that more than 2 PUCCHs per UE is agreed by RAN 1 for the case of beyond 5CCs, other than the above difference to the DC PHR format, the number of Type 2 PH for the PUCCH (other than the Type 2 PH of the PCell) may vary according to whether PUCCH SCell is activated and/or DC is configured.
On the extending of the bitmap in PHR, the simplest solution is to use one MAC CE to include the PHs for all active serving cells by extending bitmap from 1 byte to 4 byte to contain the indication for up to 31 carriers assuming the Type1 PH and Type 2 PH use the same indication. Figure 1 gives an illustration of the new PHR MAC CE with 4 bytes. The presence of the Type 2 PH can be indicated with the Ci bit. In this example, the Type 2 PH is before the Type 1 PH of the SCell, of course it can be in other position such as before all the Type 1 PH like legacy PHR format.
Typically, the UE is not configured with 32 UL CCs. Therefore one improved method is to use variable length bitmap to indicate the presence of PH for only configured UL carriers. If less than 8 UL CCs is configured, the bitmap will be 1 byte. If it is more than 8 UL CCs, it will be 2 byte and so on.  The disadvantage of this method is the ambiguity when a UL CC is being configured or deconfigured.  Like in the case of activation/deactivation, if such ambiquity is seen important to resolve, R-bit or new LCID can be used to indicate the different size of the bitmap. Figure 2 gives the illustration of the improved PHR MAC CE with variable length bitmap. In this example, the UE is configured with 15 UL CCs. Two octets are needed to indicate the presence of the Type 2 and Type 1 PH for the 14 scells index followed by two R bits. It then follows with Type2 PH and Type 1 PH for PCell and the Type2 PH and Type1 PH of the SCells.
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Figure 1: The illustration on PHR MAC CE with 32 bits bitmap to support 32 UL CCs   
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Figure 2: The illustration on PHR MAC CE with variable bitmap to support 32 UL CCs

We have a slight preference with the alternative as it is more efficient in terms of overhead and also covers the Rel-10 CA PHR format. 

Proposal 1: The new PHR format will have its bitmap indicating the PH available status extended to 32bits (i.e. 4 bytes). If the number of configured SCells is not more than 8, the bitmap is 1-byte long.  If the number of configured SCells is more than 8 but not more than 16, the bitmap is 2-byte long. For more than 16 but not more than 24, the bitmap becomes 3-byte long. For more than 24, the bitmap is 3-byte long. The number of bytes for the bitmap is implicitly indicated by the number of configured UL CCs. The presence of Type 2 PH of a PUCCH SCell will also depend on the bitmap. If DC is configured, its Type 2 PH will be before the position of its Type 1 PH.
Proposal 2: A new LCID is used for the new PHR format (supporting up to 32 UL CCs and 1 or more Type 2 PHs).
Proposal 3: This new format is used whenever the UE supports more than 7 UL CCs and the network configured the use of the new format.

3 Conclusion

It is recommended that RAN 2 discusses the following proposals:
Proposal 1: The new PHR format will have its bitmap indicating the PH available status extended to 32bits (i.e. 4 bytes). If the number of configured SCells is not more than 8, the bitmap is 1-byte long.  If the number of configured SCells is more than 8 but not more than 16, the bitmap is 2-byte long. For more than 16 but not more than 24, the bitmap becomes 3-byte long. For more than 24, the bitmap is 3-byte long. The number of bytes for the bitmap is implicitly indicated by the number of configured UL CCs. The presence of Type 2 PH of a PUCCH SCell will also depend on the bitmap. If DC is configured, its Type 2 PH will be before the position of its Type 1 PH.
Proposal 2: A new LCID is used for the new PHR format (supporting up to 32 CCs and 1 or more Type 2 PHs).

Proposal 3: This new format is used whenever the UE supports more than 7 UL CCs and the network configured the use of the new format.
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