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1
Introduction
In the last RAN2 meeting, following decisions on PHR are made [1]: 
· It shall be allowed to transmit a PHR report on any UL CC, e.g. PHR of CC1 can be sent on CC2.
This decision means that a new PHR MAC CE needs to be designed in R10. Several contributions [2]-[5] in the last meeting have already analyzed PHR MAC CE design, but no decision was made. This contribution gives our consideration on this topic. 
2
Discussion
R10 UE’s PHR behavior is different to R8/9 UE’s PHR behavior: 
· CA case: Several CC’s PHR can be transmitted in one CC. 
· Non-CA case: Even if CA is not configured, R10 UE is still possible to report two types PHR: type 1/2 PHR, because R10 UE supports PUCCH and PUSCH simultaneous transmission. 
For the above ressons, a new LCID for PHR needs to be defined for R10 UE to let:
· R10 network be able to differentiate R8/9 UE’s PHR and R10 UE’s PHR

· R10 UE use new LCID to work in R10 network and use old LCID to work in R8/9 network. 

Proposa 1: New LCID needs to be defined for R10 UE’s PHR. 
Question 1: How to differentiate PHR of different CCs when multiple CCs’ PHR are transmitted in one CC? Implicit or explicit?
When multiple CCs’ PHR are transmitted in one CC, the network should be able to know which PHR is related to which CC, i.e., it needs a CC identifier. In [2], Panasonic proposed two options for CC identifier: 
· Option 1: Implicit CC identifier
· Option 2: Explicit CC identifier

Option 1 uses the order of CC index to tell eNB the implicated mapping between PHR and CC. The advantage of option 1 is that it can save the signaling overhead. However, it is not robust. In Fig. 1, we show the case of mismatch between the UE reported PHR and the eNB expected PHR. At the beggning, eNB and UE build the relationship between PHRs and CCs: the CC index order is CC1<CC3<CC4, and the order of the reported PHR is also CC1’s PHR, CC3’s PHR and CC4’s PHR. Over a period of time, eNB replaces CC5 to CC1, so the new CC index order is CC3<CC4<CC5, and the eNB expected PHR oder is CC’3 PHR, CC4’s PHR and CC5’s PHR. For the transmission delay and UE operation delay, UE will receive the CC replacement command after a period of time. If UE triggers PHR before receiving the CC replacement command, it wil still transmit PHR of old CCs. For no CC identifier is used, eNB don’t know the received PHR is PHR of old CCs. This will cause mismatch between the UE reported PHR and the eNB expected PHR. Based on the above reason, we propose: 

Propose 2：R10 PHR MAC CE should not apply the implicit method to differentiate PHR of different CCs. 
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Fig. 1
Option 2 has two sub-options: 
· Option 2a: use bitmap to indicate the reported power headroom relates to which CC [3, 4].
· Option 2b: use CC index to indicate the reported power headroom relates to which CC [5].
The comparison of option 2a and option 2b is shown in the following table. 

	
	pros
	cons

	Option 2a
	· Don’t need “length” field in MAC sub-header

· Small overhead
	· Don’t support parallel decoding of MAC SDU and MAC CE

	Option 2b
	· Support parallel decoding of MAC SDU and MAC CE
	· Need “length” field

· Large overhead


Parallel decoding in the table means: if the size of MAC CE and MAC SDU is fixed or indicated in “length” field, after reading MAC header, the structure of MAC payload can be known. Then the corresponding part of MAC payload (MAC CE or MAC SDU) can be drawn out and parallelly decoded. 

For option 2a, before reading PHR MAC CE, the structure of MAC payload cannot be known, so option 2a have a little decoding delay. However, this delay is marginal. Therefore, we prefer to use bitmap to indicate different CCs’ PHR. 
Proposal 3: Prefer to use bitmap to differentiate PHR of different CCs.
Question 2: How to define bitmap mapping rule?

The bitmap mapping rule has two options: 

· Option 1: 
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· Option 2: as shown in [4], the right most one is PCC:
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Option 2 meets the similar mismatch problem as shown in Fig. 1. It is not robust, e.g., the case shown in Fig. 2.
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Proposal 4: Prefer to use option 1 as the bitmap mapping rule.
Question 3: Do we need to use an identifier to differentiate type 1/2 PHR?
If we don’t define an identifier to differentiate type 1/2 PHR, the mismatch problem will also be meted, as shown in the following figure. The eNodeB cannot recognize this mismatch. 
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Fig. 3
Based on the above reason, we think the identifier to differentiate type 1/2 PHR should be defined. The leftmost “R” bit can be used to indicate whether the PHR is type 1 PHR or type 2 PHR. In addition, because type 2 PHR is only transmitted in PCC, we recommend transmitting type 2 PHR first, then type 1 PHR, as show belown:  
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Proposal 5: The leftmost “R” bit of PHR octect should be used to indicate whether the PHR is type 1 PHR or type 2 PHR. 
Question 4: Do we need to use an identifier to differentiate virtual type PHR and real type PHR?

If PUSCH/PUCCH reference format is introduced, we think it is robust to define an identifier to differentiate virtual type PHR and real type PHR, because: 1). UL grant may be lost; 2). UL grant may be received after the PHR is triggered, and this will cause the similar mismatch problem as shown in Fig. 1/2/3. The second leftmost “R” bit of PHE octect can used to indicate whether the PHR is virtual type PHR or real type PHR.
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Proposal 6: Support to use the second leftmost “R” bit of PHR octet to indicate whether the PHR is virtual type PHR or real type PHR. 

Question 5: Does bitmap octet be transmitted when CA is not configured for UE?

We think that bitmap octet should be always transmitted even when CA is not configured for UE. That is because if bitmap is not transmitted in non-CA scenario, it will also meet the similar mismatch problems as shown in Fig. 1/2/3 when a new CC is added and activated. Therefore, we propose: 
Proposal 7: Bitmap octet should be always transmitted even when CA is not configured for UE. 
If bitmap is always transmitted, the first octet in PHR MAC CE will always be bitmap. We don’t need to further define the bitmap identifier. 

Propose 8: Above all, we recommend adopting the following MAC CE: 
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3
Conclusion
PHR MAC CE design is discussed in this contribution with following proposals proposed:
Proposa 1: New LCID needs to be defined for R10 UE’s PHR. 
Propose 2：R10 PHR MAC CE should not apply the implicit method to differentiate PHR of different CCs. 

Proposal 3: Prefer to use bitmap to differentiate PHR of different CCs.
Proposal 4: Prefer to use the following mapping as the bitmap mapping rule:
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Proposal 5: The leftmost “R” bit of PHR octect should be used to indicate whether the PHR is type 1 PHR or type 2 PHR. 

Proposal 6: Support to use the second leftmost “R” bit of PHR octet to indicate whether the PHR is virtual type PHR or real type PHR. 
Proposal 7: Bitmap octet should be always transmitted even when CA is not configured for UE. 

Propose 8: Above all, we recommend adopting the following PHR MAC CE: 
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