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1. Introduction 
According to current RAN2 status on dual connectivity (DC), following agreements were made regarding PHR to support this feature:

· The PHR related timers and parameters are independently configured for each MAC entity

· PHR includes PH information of all activated cells in a UE.

The first agreement means that the MeNB and SeNB independently control its own cells’ PHR report operation. The second agreement requires UE to report PH value of active cells of both eNBs when PHR is triggered. To support these agreements, following issues need to be resolved:

· Issue 1: when UE is triggered to report PHR by one base station (Enb_T), how UE calculates PHR information of active cells belonging to another base station (eNB_NT)?

· Issue 2: How UE carries these two PHRs information to one base station which triggers this PHR report?

· Issue 3: how base station triggering the PHR reporting can differentiate each PH payload is for which cell and which eNB?

The above issues are discussed in detail in tis contribution. 
2. Discussion
There are several open issues on how to support the PHR reporting in dual connectivity based on the agreements in last meeting. To easy the discussion, we first give below definitions:

· The base station triggering the PHR reporting is called as eNB_T. 

· The base station which does not trigger the PHR reporting is called as eNB_NT

· The PHR carrying the PH information of eNB_T’s active cells is called as PHR_T

· The PHR carrying the PH information of eNB_NT’s active cells is called as PHR_NT

According to these definitions, we can give simple PHR transmission scheme in DC scenario: eNB_T triggers the PHR transmission and the related PHR MAC CE is sent on eNB_T. And this PHR MAC CE should carry both of PHR_T and PHR_NT. To realize this new PHR transmission scheme, following issue should be resolved:

· How to calculate PHR_NT when reporting PHR_T

· How to include PHR_T and PHR_NT in the PHR MAC CE transmitted over the eNB_T

· How to let eNB_T clearly differentiate PHR_T and PHR_NT

According to R11 defined extends PHR MAC CE [1], there are two types of PH for Pcell, which refers to as type 1 and type 2. Type 1 considers the PUSCH PH information while type 2 covers PUCCH PH information. While for Scell, PH only considers PUSCH information. These two types of PH value are based on real transmission format or reference format which is indicated by “V” bit in PHR MAC CE. And in the PHR MAC CE payload part, one bit-map byte is used to indicate which active Scells has PH information presented in the MAC CE. This is shown in figure 1. 
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Figure 1: R11 defined extended PHR MAC CE

Also , as indicated in figure 1, the PH information for Pcell and Scell(s) are placed in PHR MAC CE as fix order: Pcell PHR, type 1 and/type 2 are placed at the first part, then coming the PHR of Scell according to Scell index ascending order. 

For SeNB in R12 DC scenario, there are also two kinds of transmit channels: PUSCH and PUCCH located at SPcell, and for other Scell of SeNB, only PUSCH is considered. For special cell, SPcell, two types of PH values maybe reported: type 1 PH covers PUSCH information while type 2 covers PUCCH. And other normal Scells only cover type 1 PH value. The following proposal is made:
Proposal 1: For SeNB SPcell, two types of PH value maybe reported: type 1 cover PUSCH and type 2 consider PUCCH transmission. And normal Scells in SeNB only cover type 1 PH value
2.1 Solution on how to calculate PHR_NT

Regardless eNB_NT is MeNB or SeNB, the PHR_NT may include multiple type 1 and/or one type 2. We call this as type 1_NT and type 2_NT, where type 1_NT is for Pcell (SPcell) and Scells, type 2_NT is only for Pcell(SPcell). To correctly report PHR_NT, the first issue is how to calculate type 1_NT and type 2_NT.  The formula adopted in R11 CA can be reused to calculate the type 1_NT and/or type 2_NT. This issue is in fact on how to select the transmission format to calculate the type 1_NT or type 2_NT and guarantee this information should be known to eNB_T. The purpose is to guarantee eNB_T can correctly interpret the received PHR_NT. Otherwise, the received PHR_NT maybe no use for eNB_T. 

For type 2_NT calculation, following three options are possible:

· Option 1: Type 2_NT is always calculated based on PUCCH reference format

· Option 2: type 2_NT is always calculated based on PUCCH real transmission format in current TTI

· Option 3: type 2_NT is calculated based on current PUCCH transmission situation when type 2_NT is reported

For option 1, the reference format for PUCCH transmission should be first exchanged between MeNB and SeNB. The target is to guarantee these two base stations know each other’s configured PUCCH reference format. Then when eNB_T receive the type 2_NT, eNB_T can use eNB_NT configured PUCCH reference format to interpret the received type 2_NT. And if one base station changes its PUCCH reference format, it should be also informed other base station on this new reference format over X2 interface. This may require new X2 message/procedure to exchange configured PUCCH reference format, to support type 2_NT reporting to eNB_T. 

For option 2, the type 2_NT is calculated based on real PUCCH transmission format when the type 2_NT is reported. The rational of this option is the transmission format for PUCCH is not dynamic changed per TTI manner but only semi-statically changed. Hence it is possible that eNB_T and eNB_NT first exchange current configured PUCCH transmission format so that type 2_NT can be correctly explained by eNB_T. similar to option 1 if one base station changes its configured PUCCH transmission format, it should also be informed other base station to guarantee the type 2_NT can be correctly interpreted. 

For option 3, this option is similar as R11 on how to calculate the type 2 which is based on the PUCCH transmission situation when type 2 PHR is report. That is, if no PUCCH transmission, the type 2_NT is calculated based on reference format. On the other hand, if PUCCH transmission happened when type 2_NT is triggered, the type 2_NT is calculated by the real transmission format. The key issue for this option 3 is how to let eNB_T knows how the type 2_NT is calculated. This can be done by including special indication in the PHR_NT MAC CE. This option is the most accurate one since the type 2_NT is calculated according to current real situation. Of cause, the option is also based on the exchange of reference format and real transmission format configured for PUCCH transmission between two base stations, as required in option 1 and option 2 respectively.

For type 1_NT calculation, similarly, two options can be considered:

· Option 1: the type 1_NT is always based on reference format

· Option 2: the type 1_NT is always based on current PUSCH transmission situation when PHR_NT is reported, as R11 defined. 
For option 1, we need to exchange the configured reference format for PUSCH transmission between two base stations beforehand. And for option 2, the key issue is how to let eNB knows what transmission format is used for type 1_NT calculation, which can be based on UE notification to eNB_T. Compared with the above two options, the feasibility of option 2 will be challenged on how UE can notify eNB_T on the dynamic changed real transmission format information used for type 2_NT calculation. The reason is the PUSCH transmission format will be dynamically changed per TTI basis. So for option 2, UE has to inform to eNB_T on the current real transmission format information in the same MAC PDU carrying the PHR_NT MAC CE. 

Based on the above discussion the following proposal are made:
Proposal 2: PHR for eNB_NT is calculated based on the same formula defined in R11

Proposal 3: discuss the proposed options on how to calculate type 2_NT and type 1_NT and select one option as way forward. 

2.2 how to include PHR_T and PHR_NT in the MAC PDU transmitted in the eNB_T

As above discussed, when UE reports PHR in DC scenario, two kinds of PHR information, that is, PHR_T and PHR_NT will be included in the same MAC PDU sent over eNB_T. Then the issue is how to multiplex these two kinds of PHR information in the same MAC PDU. And following options are proposed:

· option 1: PHR_T and PHR_NT are separately multiplexed in the MAC PDU sent on eNB_T

· option 2: PHR_T and PHR_NT are included in the same PHR MAC CE 

In general speaking, option 1 will lead to higher singling overhead, since at least two PHR MAC CE sub-headers will be used to send PHR_T and PHR_NT to eNB_T. Different options require different enhancement/schemes to guarantee eNB_T can correctly identify each PH value is corresponding to  which cell of which base station. 
Proposal 4: discuss whether the PHR_T and PHR_NT will be separately transmitted or be multiplexed into one PHR MAC CE
Depending on outcome of the discussion for Proposal 4, different PHR transmission formats should be discussed and compared in agreeing on the PHR format for dual connectivity.

3. Conclusion
In this contrition, we addressed multiple open issues to support the latest agreement on PHR for DC scenario, with following proposals raised for discussion:
· Proposal 1: For SeNB SPcell, two types of PH value maybe reported: type 1 cover PUSCH and type 2 consider PUCCH transmission. And normal Scells in SeNB only cover type 1 PH value

· Proposal 2: PHR for eNB_NT is calculated based on the same formula defined in R11

· Proposal 3: discuss the proposed options on how to calculate type 2_NT and type 1_NT and select one option as way forward. 

· Proposal 4: discuss whether the PHR_T and PHR_NT will be separately transmitted or be multiplexed into one PHR MAC CE
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