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1
Introduction

The topic of PHR for CA has gone through several RAN1 and RAN2 meetings, however until last meeting there were still many open issues to be discussed. In RAN2#71bis meeting, great progress was achieved by obtaining the following agreements.

	Control plane

1) PHR is reported for all activated CCs.
2) Wait for RAN1 before discussing/agreeing additional PHR information like UE-PHR
For UE's for which parallel PUCCH+PUSCH is configured, always report Type 2 PHR when Type 1 PHR is reported for the PCC. Use the PUCCH reference format defined by RAN1.
3) One prohibit timer (per UE).

User plane

1) PHR reporting is dynamic: only activated serving cells.
2) L field included in subheader.


At the same time, RAN1#62bis meeting also made progress on additional PHR information besides per-CC PHR, which are as following.
	1) PCMAX,c is reported together with all per-CC PHRs.
2) PCMAX,c is the value used for the calculation for the reported per-CC PHR.
3) PHR is calculated based on the power before power scaling (similar to single-CC operation of Rel8/9).
4) PCMAX,c of current assignment is reported in MAC CE.
5) RAN2 can consider overhead reduction methods for the following cases:
· if PCMAX,c is the same for multiple CCs

· if PCMAX,c is the same for simultaneously-transmitted type 1 and type 2 PHRs


Based on above agreements, we will first in this paper look at the format of PHR MAC CE for CA and then propose overhead reduction method. 

2
Discussion

2.1 New LCID is needed or not
Due to that multiple PHRs may be integrated in one MAC CE and parallel PUCCH and PUSCH transmission is supported in CA, the content of PHR MAC CE in Rel-10 will be completely different from that in Rel-8/9. It is natural to introduce one new LCID to differentiate Rel-10 PHR MAC CE from Rel-8/9 PHR MAC CE. One may argue that the MAC layer of UE can learn whether Rel-10 PHR MAC CE or Rel-8/9 PHR MAC CE should be used through cell configuration information, e.g. the number of configured cell it is using. However, besides cell configuration information, the UE should also know currently whether parallel PUCCH and PHSCH transmission is adopted. No matter cell configuration or parallel PUCCH/PHSCH transmission, cross-layer negotiation (MAC-RRC and MAC-PHY) is inevitable, which will increase the complexity. So we would propose

Proposal 1: Introduce new LCID for Rel-10 PHR.
When introducing new LCID, the MAC subheader for Rel-10 PHR is depicted in Fig.1.
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Fig.1 MAC subheader for Rel-10 PHR.
2.2 Type 1/type 2 PHR indication for PCell
RAN2 has determined to use virtual PHSCH/PUCCH reference format when there is no PHSCH/PUCCH transmission on UL PCC. So when PHRs of PCell are transmitted, there will be concurrence of type 1 PHR and type 2 PHR. That is to say, no matter which format of PHR MAC CE (cell index or bitmap) is adopted, there is no need to indicate type 1/type 2 PHR individually for the PCell.    

Proposal 2: Type 1/type 2 PHR indication is not required for the PCell.
2.3 Cell index or bitmap

Considering that PHR is only reported for activated serving cells, the size of PHR MAC CE will be variable. In general, there are two possible variable size PHR MAC CE options.

Option 1: Cell index (or mapping) option, and

Option 2: Bitmap option.

Cell index option is depicted in Fig.2. As depicted in the figure, 3 bits cell index (or 2 bits mapping) is included to indicate the PHR of each UL CC. Cell index option can save overload comparing to bitmap option when there are few activated serving cells. However, when there are large number of serving cells, cell index option may introduce more overload than bitmap option. Furthermore, cell index (including mapping) option is not easy to be extended because the two “R” bits have been occupied, 
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Fig.2 Cell index option.

In bitmap option, one byte (or several bits) bitmap is needed to indicate whether the PHR for the corresponding cell exists in the current PHR MAC CE. The drawback of bitmap option is that it will introduce 1 byte overload. However, bitmap option is direct and simple, which can clearly depict the structure of the PHR MAC CE. One may argue that the two “R” bits between each PHR value can be saved to reduce overload. However, keeping in mind that PHR value is 6 bit long, no more than 2 byte overload can be saved when there are 5 activated cells (1 PCell and 4 SCells), which can be neglected in CA operation. Furthermore, the “R” bits can be used for future extension, e.g. [3][4] proposed that 1 “R” bit can be used to indicate whether the PHR is calculated using reference format for the PUSCH/PUCCH or not. So we would propose to reserve the two “R” bits in front of each PHR value and we think it is more alike Rel-8/9 (2 “R” bits and 6 bits PH value) .
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Fig.3 Bitmap option.
For the mapping of bitmap to the cells, we propose to use cell index implicitly, like in SCell activation/deactivation MAC CE. Considering all above, we kindly ask RAN2 to consider the bitmap option which is implicitly based on cell index as depicted in Fig.3 (b).

Proposal 3: We kindly ask RAN2 to adopt bitmap option for Rel-10 PHR MAC CE. 
Proposal 4: The bitmap to cell mapping is implicitly based on cell index.

2.4 Virtual PHR indication
In last RAN2 meeting, virtual type 1 and type 2 PHR were agreed. As addressed in [4][6], when PDCCH detection error occurs, virtual PHR indication can help eNB differentiate real transmission from virtual transmission. We propose to use one “V” bit in front of each PHR value for indicating whether the corresponding transmission is real or virtual. Comparing with the gain, the introduced complexity is neglect able. Furthermore, considering that proposal 3 stands, no extra overload will be introduced because in any case 2 “R” bits are there.
Proposal 5: Introduce virtual PHR indication in Rel-10 PHR MAC CE.
When introducing virtual PHR indication, the Rel-10 PHR MAC CE is depicted in Fig.4.
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Fig.4 Rel-10 PHR MAC CE when introducing virtual PHR indication.

2.5 Reporting of CC-specific PCMAX,c
PCMAX is defined in [7], which ranges from -40dBm to 23dBm. As there are totally 64 values, 6 bits are enough to indicate the index of each value. To obtain the value of each PCMAX,c , index to real value mapping should also be defined, the format can conform to PHR report mapping table defined in [8]. 
Proposal 6: PCMAC,c is 6 bits long.
Proposal 7: Define a table which maps PCMAX,c index to real values.
When introducing PCMAX,c reporting, the Rel-10 PHR MAC CE is depicted in Fig.5.
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Fig.5 Rel-10 PHR MAC CE when introducing PCMAX,c reporting.

2.6 Overhead reduction
RAN1 has suggested RAN2 to consider overhead reduction methods for PCMAX,c reporting. However, the suggested two options can not essentially reduce overload, furthermore they will degrade UE performance if identical PCMAX,c values are used for multiple UL CCs. 
It will introduce much overload when PCMAX,c of multiple UL CCs are always be reported together with CC-specific PHRs. Our understanding is that the value of PCMAX,c for each CC is not necessary to be adjusted over dynamically by the UE, otherwise power spectrum density imbalance among aggregated UL CCs will occur, which should be avoided as discussed by RAN4. So we think the values of PCMAX,c can be omitted in the PHR MAC CE if they are the same with that in previous PHR MAC CE. One possible method is to introduce PCMAX,c indication in Rel-10 PHR MAC CE. We propose to use one “P” bit in front of each PHR value to indicate whether there is a followed PCMAX,c value. 
Proposal 8: Introduce PCMAC,c indication in Rel-10 PHR MAC CE.
When introducing PCMAX,c indication, the Rel-10 PHR MAC CE is depicted in Fig.6.
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Fig.6 Rel-10 PHR MAC CE when introducing PCMAX,c indication.
3
Conclusion

In this paper we have addressed the issue of PHR MAC CE for Carrier Aggregation, we would like to propose:

Proposal 1: Introduce new LCID for Rel-10 PHR.
Proposal 2: Type 1/type 2 PHR indication is not required for the PCell.

Proposal 3: We kindly ask RAN2 to consider bitmap option for Rel-10 PHR MAC CE. 
Proposal 4: The bitmap to cell mapping is implicitly based on cell index.
Proposal 5: Introduce virtual PHR indication in Rel-10 PHR MAC CE.
Proposal 6: PCMAC,c is 6 bits long.
Proposal 7: Define a table which maps PCMAX,c index to real values.
Proposal 8: Introduce PCMAC,c indication in Rel-10 PHR MAC CE.
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