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Discussion 
1 Introduction

In the last RAN2 meeting #85, RAN2 had agreed that PHR related timers and parameters are independently configured for each MAC entity and PHR includes PH information of all activated cells. We have remaining issues to be discussed further such as how to report all PHs of MCG and SCG, and whether PHR is triggered by triggering events of the other cell group or not, and how to handle PHR timing misalign between cell groups. 
2 Discussion
How to report all PHs of MCG and SCG together?
In the last meeting, RAN2 agreed that all PHs of cell groups, MCG and SCG must be reported together. For this, we can consider two possible approaches:

· Introducing new PHR format

· Reusing the current PHR format (i.e. sending two PHRs in a MAC PDU)

The new PHR format needs additional “Type2 PH” for pScell (i.e. special SCell) if the pScell has simultaneous PUCCH and PUSCH transmission as well as PCell; two Type2 PHs for PCell and pSCell. Here we have question about where the Type2 PH of pSCell should be located. One is locating it right after Type2/Type1 PH of the PCell as shown in Figure 1. The other is locating on the position indicated by SCellIndex of pSCell. However, SCellIndex value of pSCell has not been discussed yet. And it is unclear SCell index is necessary for the pSCell. Considering consistency with existing extended PHR format, locating the Type2/Type1 PH of pSCell right after Type2/Type1 PH of PCell seems straightforward.  Figure 1 shows the possible new PHR format including Type2/Type1 PH of pSCell.
Currently, the SCellIndex is unique only within a cell group. For the new PHR format, SCellIndex need to be coordinated between MCG and SCG, i.e. Ci of BITMAP (first octet of new PHR format in Figure 1) since the unified PHR format has to indicate all PHs of PCG and SCG. 
Observation 1. New PHR format needs additional Type2 PH field for pSCell (i.e., special SCell) and coordination for SCellIndex bitmap field.
Figure 2 shows alternative approach, reusing current PHR format to report all PHs of MCG and SCG. The PHR of each cell group contains only PHs of its serving cells. Thus, no change in current operation of each MAC layer would be expected, e.g., SCellIndex coordination between MCG and SCG. Instead, two MAC CEs are necessary to carry PHRs for each cell group. 
Among those two approaches, reusing current PHR format is much simpler and less impacts on specification than adopting the new PHR format although it needs one more MAC CE. Furthermore, it is flexible that different types of PHR format can be used for each cell group (e.g. extended PHR format for MCG and normal format for SCG)
Proposal 1. RAN2 is asked to consider reusing legacy PHR format and sending two PHRs of MCG and SCG in case that all PHs need to be reported.
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Figure 1. New PHR format for all PHs of MCG and SCG
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Figure 2. Reusing current PHR format
Single or double triggering?
PHR timer and parameters for triggering can be configured independently in each cell group. But it is not decided yet that PHR can be triggered by the other cell group, e.g., periodicPHR-Timer of SCG triggers PHR of MCG. In the last RAN2 meeting, 6 companies supported that the UE triggers PHR only in corresponding MAC entity when a PHR triggering event occurs (hereafter single triggering approach). In contrast, 10 companies supported that a PHR is triggered in the other MAC entity after the latest transmission of a PHR in this MAC entity (hereafter double triggering approach). (Refer to detail procedure in Annex)
Table 1 summarizes PHR triggers. In fact, there are many triggers already defined in the specification. Double triggering approach may be sensible to only some of them. Periodic timer for PHR is configured by cell group for tracking UE power status, so it does not need to trigger PHR on the other cell group in principle. Trigger by PHR reconfiguration is also designated for the corresponding cell group. Thus, it is not necessary to trigger PHR in the other cell group as well. However, path loss change and  P-MPR change may affect the other eNB scheduling significantly. Considering the motivation of having agreed that PHR contains PH of all activated serving cells, double triggering approach would make more sense.
Observation 2. Single triggering approach is more suitable to ‘periodic timer trigger’ and ‘(re)configuration trigger’ (i.e. PHR is triggered only towards the corresponding cell group)
Observation 3. Double triggering approach is more suitable to ‘path loss change trigger’ and ‘P-MPR change trigger’. 

<Table 1> PHR triggers
	Triggers 
	Note 
	Which one is suitable? Single or Double? more details in the next slide 

	Pathloss change of activated serving cell 
	dl-PathlossChange configured per cell group. May be useful to report to both eNBs when path loss of a cell group changes more than the corresponding threshold 
	Double 

	Periodic timer expires 
	periodicPHR-Timer configured per cell group. It does not make sense to trigger PHR towards an eNB only because the timer expires for the other eNB 
	Single 

	(re)configuration of PHR functionalities 
	It is mainly to initialize the other triggers. May not need to be triggered towards the other ENB. 
	Single 

	P-MPR change 
	P-MPR change would affect both ENBs. 
May be useful to report to both eNBs when P-MPR of a cell group changes more than the corresponding threshold 
	Double 


Table 2 shows 3 different combinations for triggering approach against PHR triggering condition. Combination 1 indicates what we describe in Table 1. In combination 2, double triggering is executed in all triggering condition. And only single triggering is performed in combination 3. 
<Table 2> Triggering approaches (single or double triggering)  for each triggering condition
	
	Path loss trigger 
	Periodic trigger 
	(re)configuration trigger 
	P-MPR trigger 

	cmbn 1 
	Double triggering 
	Single triggering 
	Single triggering 
	Double triggering 

	cmbn 2 
	Double triggering 
	Double triggering 
	Double triggering 
	Double triggering 

	cmbn 3 
	Single triggering 
	Single triggering 
	Single triggering 
	Single triggering 
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Figure 3. PHR triggering approach: combination 1

In Figure 3, ccombination 1 looks not much complex, but it could be most complicate in the specification point of view compared to other combination 2 and 3. The combination 3 can compensate necessity of double PHR reporting mentioned in combination 1 (i.e., pathloss and P-MPR change) using X2 interface as shown in Figure 4. SeNB/MeNB forwards the relevant information to MeNB/SeNB if PHRs are triggered due to path loss change or P-MPR change. However, it can suffer backhaul delay and needs to define relevant messages in X2. Therefore, the combination 2 is most simple approach since it makes one eNB accurately aware of the pathoss and P-MPR changes related to the other eNB.
Proposal 2. RAN2 is asked to agree either combination 2 (i.e. always double triggering) for PHR triggering in dual connectivity.
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Figure 4. PHR triggering approach: combination 3
Virtual or Real PH ? 
Some companies proposed to report only virtual PH to other MAC entity (or cell group). Reporting PH of one cell group to the other cell group ENB would have two purposes; one is to give the overall picture on UE power status (i.e. whether UE maximum power has reached or how much power headroom is left in UE level) and the other is to give the information on the pathloss and power efficiency of the other cell group. If the second is the only purpose, it may make sense. However, it is not completely clear whether “knowing pahtloss” is the only purpose. 

Therefore,  we propose to apply just current mechanism for the other cell group; 1) only real PHs 2) only virtual PHs or 3) both real and virtual PHs according to the presence of uplink transmission. Hence both purposes are somehow achieved.
Proposal 3. To report real PH or virtual PH depending on the presence of real uplink transmission as the current specification

Timing misalignment in PHR ? 
In theory, there could be at most 0.5 ms timing misalignment between ULs of different CGs. When PHR is triggered for subframe i in MCG/SCG, the question is which subframe’s PH of SCG/MCG should be reported subframe [n] or [n+1] as shown in Figure 5. Straightforward way would be to contain PH of major subframe (i.e. sf [n] in the example in the Figure 5). When the period A and B is equal exactly, then UE can choose based on implementation. 
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Figure 5. Timing misalignment between MCG and SCG 
Proposal  4. PHR triggered toward subframe i contains PHs of subframe i of the corresponding cell group and PHs of subframe of the other cell group more overlapping with subframe i  
3 Conclusion
Proposal 1. RAN2 is asked to consider reusing legacy PHR format and sending two PHRs of MCG and SCG in case that all PHs need to be reported.

Proposal 2. RAN2 is asked to agree either combination 2 (i.e. always double triggering) for PHR triggering in dual connectivity.

Proposal 3. To report real PH or virtual PH depending on the presence of real uplink transmission as the current specification

Proposal  4. PHR triggered toward subframe i contains PHs of subframe i of the corresponding cell group and PHs of subframe of the other cell group more overlapping with subframe i  

Annex. Single triggering vs. Double triggering

It should be noted that PHR triggering is passive so that triggering condition is checked only when there is UL resource for the new transmission. Thus, in double triggering approach, PHR triggering condition is tested against both thresholds (i.e. the other CG’s threshold as well; if one of the condition is fulfilled, PHR is triggered) when UE has UL grant. 
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Figure 6. Single PHR Triggering approach
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Figure 7. Double PHR Triggering approach
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