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1 Introduction
In RAN2 meeting #72bis held in Dublin an LS [1] on power management backoff and Power Headroom Reporting has been sent to RAN1 and RAN4 asking the following questions:

To RAN WG1:  RAN2 kindly ask RAN1 to confirm that the power management related back-off factor is like MPR, A-MPR and ΔTc equal to zero dB for the calculation of a virtual PHR.

To RAN WG4:  RAN2 kindly asks RAN4 to clarify whether Pcmax,c for PHR type 1 and PHR type 2 on Pcell can be always assumed to be the same.

In this contribution we will try to analyse and answer the question to RAN4. 

2 Discussion
 The RAN1and RAN2 working groups reached several agreements relevant to this discussion regarding PHR and Pcmax,c at the Xian and Dublin meetings.  These agreements are included here with the statements of most relevance underlined.
RAN1 reached the following agreements at the Xian meeting [2]:
· PCMAX,c is reported together with all per-CC PHRs.

· PCMAX,c is the value used for the calculation for the reported per-CC PHR.

· PHR is calculated based on the power before power scaling (similar to single-CC operation of Rel8/9)

· PCMAX,c of current assignment is reported in MAC CE

· 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
In the Dublin meeting, RAN2 agreed [4] to the following about not sending Pcmax,c for virtual transmissions:
Agreements:

1)
not report PCmax for virtual PHR i.e. V bit indicates PCmax presence

2)
if RAN1/RAN4 concludes that PCmax for the PCell is always the same for type 1 and type 2, only one PCmax will be reported for PCell

Also of relevance are the definitions of PHR type 1 and PHR type 2.  These are specified in section 5.1.1.2 of the Release 10 version of TS 36.213 [3].  A copy of those definitions is included in Appendix B for convenience.
To answer the question posed to RAN4, for each PHR type, the four combinations of PUSCH and PUCCH in Pcell being real and/or virtual must be considered. Also what must be considered is the handling of power management related back-off with respect to PHR, for which a question has been posed to RAN 1 in the same LS.
Per the current standard, without considering power management related back-off

For PUSCH and PUCCH, real vs. virtual corresponds to whether or not there is a transmission for the channel (in the given subframe).  Real means there is a transmission.  Virtual means there is not, and, for the purpose of PHR, a reference format is used.
PUSCH virtual and PUCCH virtual
For Type 1 PHR [3], “If the UE does not transmit PUSCH in subframe 
[image: image1.wmf]i

 for serving cell 
[image: image2.wmf]c

, ... 
[image: image3.wmf])

(

c

CMAX,

i

P

is computed assuming MPR=0dB, A-MPR=0dB, TC =0dB”

For Type 2 PHR [3], “If the UE does not transmit PUCCH or PUSCH in subframe 
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As such, in this case, both values of Pcmax,c are the same.
PUSCH real and PUCCH virtual

For Type 1 PHR [3], “If the UE transmits PUSCH in subframe 
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For Type 2 PHR [3], “If the UE transmits PUSCH without PUCCH in subframe 
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These statements indicate that “real” Pcmax,c (i.e., Pcmax,c where MPR, A-MPR, TC are not all set to 0) is used for both PHRs in this case. Pcmax,c in section 5.1.1.1 of 36.213 is the Pcmax,c used in the PUSCH power calculation; it will take into account MPR impacts for real transmissions in the Pcell and any other active Scells. Hence, in a given subframe when PUSCH is real and PUCCH is virtual in the Pcell, Pcmax,c for the Pcell will include the MPR impacts for the Pcell PUSCH and any real Scell PUSCH in that subframe.  This Pcmax,c will be used for both Type 1 and Type 2 PHR for the Pcell, i.e., both values of Pcmax,c are the same.
PUSCH virtual and PUCCH real

For Type 1 PHR [3], “If the UE does not transmit PUSCH in subframe 
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For Type 2 PHR [3], “If the UE transmits PUCCH without PUSCH in subframe 
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In this case, Pcmax,c for the Type 2 PHR is the Pcmax,c used for the real PUCCH power calculation which would include MPR effects of the Pcell PUCCH and any Scell PUSCH in the subframe.  Pcmax,c for the Type 1 PHR uses MPR, A-MPR, and TC all set to zero.  Hence, in this case, the two values of Pcmax,c can be different. 

It is noted, however, that per RAN 2 agreement on not reporting Pcmax,c for virtual PHR [4], Pcmax,c for Type 1 PHR would not be reported in this case; only Pcmax,c for Type 2 would be reported; so, although the Pcmax,c values may differ for the Pcell, only one will be reported. 
PUSCH real and PUCCH real
For Type 1 PHR [3], “If the UE transmits PUSCH in subframe 
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For Type 2 PHR [3], “If the UE transmits PUSCH simultaneous with PUCCH in subframe 
[image: image19.wmf]i
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As observed earlier, Pcmax,c in section 5.1.1.1 of 36.213 is the Pcmax,c used in the PUSCH power calculation; it will only take into account MPR impacts for real transmissions in the Pcell and any other active Scells. In this case, in a given subframe, it will take into account MPR impacts for the Pcell PUSCH and PUCCH and any real Scell PUSCH in that subframe.  This Pcmax,c will be used for both Type 1 and Type 2 PHR for the Pcell, i.e., both values of Pcmax,c are the same.
Beyond the current standard, considering the power management related back-off.

Now we consider power management related backoff (P-MPR).

If RAN1 answers the LS [1] by confirming that the P-MPR is, like MPR, A-MPR and ΔTc, equal to zero dB for the calculation of a virtual PHR, then the same analysis described above without P-MPR would apply with P‑MPR.  Pcmax,c for Type 1 and Type 2 PHR on the Pcell would be the same except in the case of virtual PUSCH and real PUCCH, a case in which Pcmax,c for Type 1 PHR would not be reported. 
If, however, RAN1 responds that P-MPR is not equal to zero dB for the calculation of a virtual PHR, additional analysis is needed as follows.

P-MPR is expected to be included in the Pcmax,c definition as follows [5]

 REF _Ref285543979 \r \h 
[6]: 

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c 
where

PCMAX_L,c = MIN{PEMAX,c  - TC, PPowerClass – MAX(MPR + A-MPR, P-MPR) - TC }

PCMAX_H ,c = MIN{ PEMAX,c , PPowerClass}

For virtual transmission, MPR, A-MPR, and TC are set to zero.  This will result in the lower limit on PCMAXc for virtual transmissions, which we will refer to as “virtual PCMAX_L,c”, becoming the following:
virtual PCMAX_L,c = MIN{PEMAX,c, PPowerClass – P-MPR}

Assuming PEMAX,c is not the limiting factor and the actual reduction taken by the UE for P-MPR effects is P‑MPRactual , the Pcmax,c for virtual PHR, would be:
virtual PCMAX,c = PPowerClass – P-MPRactual.
In the case of PUSCH real/PUCCH real Type 1 and Type 2 would both use “real” Pcmax,c, meaning the Pcmax,c used in the power calculation for PUSCH and the Pcmax,c values would be the same.

In the case of PUSCH virtual/PUCCH virtual, Type 1 and Type 2 would both use virtual Pcmax,c and the Pcmax,c values would be the same.

In the case of PUSCH real/PUCCH virtual, if we follow the same logic used when there is no P-MPR, the real Pcmax,c would be used for both Type 1 and Type 2 where the real Pcmax,c accounts for MPR from PUSCHs only, and in this case, P-MPR is also included. Hence, the Pcmax,c values would be the same.
In the case of PUSCH virtual/PUCCH real, again following the logic used when there is no P-MPR, Type 1 would use virtual Pcmax,c and PUCCH would use real Pcmax,c where the Pcmax,c value is the one used in the PUCCH power calculation.  In this case, the Pcmax.c values could clearly be different.  In addition, now that the virtual Pcmax,c would include a P-MPR effect unknown to the eNB, RAN 2 may want to reconsider the decision to not report Pcmax,c in the case of virtual PHR.
3 Conclusion
Based on the above analysis the following conclusions can be formulated:

a)    Pcmax,c for Type 1 and Type 2 PHR can be assumed to be the same except in the case of virtual PUSCH and real PUCCH for Pcell; in this case, they cannot be assumed to be the same. This is true with and without consideration for power management back-off (P-MPR).
b)    Given that RAN 2 has agreed to not report Pcmax,c for virtual PHR, for the case of virtual PUSCH and real PUCCH, although the Pcmax,c values may be different, only the Pcmax,c for the Type 2 PHR will be reported.  Hence, it may be assumed that Pcmax,c for Type 1 and Type 2 PHR are the same in all cases that both are reported.
c)    If RAN1 responds to the LS [1] that the power management related back-off factor is not equal to zero dB for the calculation of a virtual PHR, then in the presence of P-MPR, Pcmax,c is no longer known by the eNB in the case of virtual PHR and RAN 2 may want to reconsider the decision to not report Pcmax,c in the case of virtual PHR.  If RAN 2 determines that virtual Pcmax,c will be reported, then there will exist a case (virtual PUSCH/real PUCCH) in which the Pcmax,c for Type 1 and Type 2 PHR are different and reported.
 If RAN4 agrees with the above conclusions, then a proposed draft LS reply text can be found in Appendix A of this Tdoc.
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5 Appendix A – Proposed LS reply text:

=================================================================================

1   Overall Description
RAN4 would like to thank RAN2 for their LS in R4-110970 (R2-110665) entitled “LS on Power Headroom Reporting”. 

In the RAN2 LS, RAN4 was asked to clarify whether Pcmax,c for PHR type 1 and PHR type 2 on Pcell can be always assumed to be the same.
In addition, in the same LS, RAN1 was asked to confirm that the power management related back-off factor is like MPR, A-MPR and ΔTc equal to zero dB for the calculation of a virtual PHR.

During RAN4#58 meeting, RAN4 discussed this issue and have reached consensus on PCMAX,C for PHR type 1 and PHR type 2 on Pcell as follows:

a)    Pcmax,c for Type 1 and Type 2 PHR can be assumed to be the same except in the case of virtual PUSCH and real PUCCH for Pcell; in this case, they cannot be assumed to be the same. This is true with and without consideration for power management back-off (P-MPR).

b)    Given that RAN 2 has agreed to not report Pcmax,c for virtual PHR, for the case of virtual PUSCH and real PUCCH, although the Pcmax,c values may be different, only the Pcmax,c for the Type 2 PHR will be reported.  Hence, it may be assumed that Pcmax,c for Type 1 and Type 2 PHR are the same in all cases that both are reported.

c)    If RAN1 responds to the LS [1] that the power management related back-off factor is not equal to zero dB for the calculation of a virtual PHR, then in the presence of P-MPR, Pcmax,c is no longer known by the eNB in the case of virtual PHR and RAN 2 may want to reconsider the decision to not report Pcmax,c in the case of virtual PHR.  If RAN 2 determines that virtual Pcmax,c will be reported, then there will exist a case (virtual PUSCH/real PUCCH) in which the Pcmax,c for Type 1 and Type 2 PHR are different and reported.
2   Actions:

To TSG RAN2: 
RAN4 kindly requests RAN2 to take the above RAN4 conclusion into consideration in its further work.
3   Date of Next RAN WG4 Meetings:

RAN WG4 Meeting #58AH
11 – 15 April, 2011, Shanghai, China
RAN WG4 Meeting #59
9 – 13 May, 2011, Kobe, Japan

==================================================================================

Appendix B – Power Headroom definitions from 36.213 [3]
5.1.1.2
Power headroom

There are two types of UE power headroom reports defined. A UE power headroom
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If the UE transmits PUSCH in subframe 
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If the UE does not transmit PUSCH in subframe 
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, power headroom for a Type 1 report is computed using
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Type 2:

If the UE transmits PUSCH simultaneous with PUCCH in subframe 
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for the primary cell, power headroom for a Type 2 report is computed using 
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If the UE transmits PUSCH without PUCCH in subframe 
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for the primary cell, power headroom for a Type 2 report is computed using 
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If the UE transmits PUCCH without PUSCH in subframe 
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for the primary cell, power headroom for a Type 2 report is computed using 
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If the UE does not transmit PUCCH or PUSCH in subframe 
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for the primary cell, power headroom for a Type 2 report is computed using 
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The power headroom shall be rounded to the closest value in the range [40; -23] dB with steps of 1 dB and is delivered by the physical layer to higher layers. 
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