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Discussion and decision
1 Introduction
In RAN2 #70bis it was agreed [1]:
Scell:

1. For Scell PHR we only use Type 1 PHR.
Pcell:

2. If parallel PUCCH&PUSCH allocation is not supported (FFS if this case exists):


- Type 1 PHR is used for Pcell and Scell, i.e., PHR is the same as in Rel-8/9.
3. If parallel PUCCH&PUSCH allocation is supported, if there is PUCCH and PUSCH transmission on the Pcell in this TTI:

- Pcell transmits Type1 and Type2 PHR together

In RAN 2 #71 it was further agreed [2]:

1.
Will only have 1 PHR MAC CE transmitted by a UE in a TTI. FFS if this is new MAC CE or redefinition of Rel89 codepoint.

2.
This MAC CE can be included in any TB

3.   The network will not be able to exclude certain CC's from PHR reporting/triggering

In RAN 2 #71bis it was further agreed [3]:
1.
PHR is reported for all activated CCs

2.
Wait for RAN1 before discussing/agreeing additional PHR information like UE-PHR

3.
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.
4.     One prohibit timer (per UE)
In an LS response from RAN 1 (R2-106046), it is stated [4]:

In response to RAN2 LS R1-104265/R2-104205, RAN1 concluded that additional reporting is required. RAN1 reached the following agreements regarding the additional reporting:

· 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 another LS from RAN 1 (R2-106048), it is stated [5]:
RAN1 discussed the reference format of virtual PHR and concluded as following:

· PHR for PUCCH reference format 1a

· Power control (PUCCH = 0 dB

· MPR, A-MPR, ΔTc = 0 dB if no simultaneous PUSCH transmission on the same CC

· Other parameters as configured by RRC for the corresponding PUCCH

· PHR for virtual PUSCH reference format

· Power control 

· 10log(MPUSCH,c(i)) = 0 dB; Ks = 0; (PUSCH = 0 dB (accumulated PC); (PUSCH = 0 dB (absolute PC)

· MPR, A-MPR, ΔTc = 0 dB if no simultaneous PUCCH transmission on the same CC

· Other parameters as configured by RRC for the corresponding PUSCH

· RAN2 can consider overhead reduction methods for reporting of PCMAX,c when MPR, A-MPR and ΔTc set to zero.
In this contribution we discuss various aspects of PH reporting including inclusion of the Pcmax,c in the headroom report.

2 Discussion
In summary, from the agreements and since Pcell is always activated, the UE reports:
· PH for Pcell always

· Type 1 only if simultaneous PUCCH&PUSCH allocation is not supported or not configured
· If there is no PUSCH grant in the TTI, a reference format is used to compute a virtual PH and for this PH,  MPR, A-MPR, ΔTc = 0 dB
· Type 1 and Type 2 if simultaneous PUCCH&PUSCH allocation is supported and configured
· If there is no PUSCH grant in the TTI, a reference format is used for the PUSCH 
· If there is no PUCCH in the TTI, DCI format 1a is used as the reference PUCCH format
· If both PUSCH and PUCCH are not transmitted in the TTI, for both the Type 1 and Type 2 PH, MPR, A-MPR, and ΔTc = 0 dB
· PH for each activated Scell
· Type 1 only
· If there is no PUSCH grant in the TTI for a given activated Scell, a reference format is used to compute a virtual PH for that Scell and for this PH,  MPR, A-MPR, and ΔTc = 0 dB.
Further, the UE must report the Pcmax,c value used for each PH calculation with possible signalling reductions for the cases of 

· if PCMAX,c is the same for multiple CCs

· if PCMAX,c is the same for simultaneously-transmitted type 1 and type 2 PHRs
· MPR, A-MPR and ΔTc set to zero.
Given the recent RAN 1 and RAN 2 agreements, we provide our observations and views on signalling the Pcmax,c in the PHR and on other PHR related contents.
LCID for PHR MAC-CE
There are two options for the LCID for PHR:
1) Reuse existing R8 PHR LCID (with new format and contents for R10 UEs)
2) New LCID for R10 PHR (to clearly distinguish the R10 format from the R8 format)
The R10 and R8 PHR formats will be different in that the R8 format is fixed length and contains a single PH while the R10 format is variable length and will contain PH and Pcmax,c for one or more CCs.  An R10 UE should, however, be able to use the R8 LCID with the R10 PHR format if there is no ambiguity at the eNB with regard to which format the UE is using at any point in time.  This should be true most of the time.
One case to be considered is when a R10 UE initially connects to a serving cell.  It may not know that the cell is an R10 cell supporting carrier aggregation (CA) until it is configured by RRC with one or more Scells or for simultaneous PUCCH&PUSCH.  If the UE uses the R8 PHR format until configured with Scells or PUCCH&PUSCH and then switches to using the R10 format after such configuration, then there would be no ambiguity.  If there is other means for the UE to know that its primary serving cell supports CA without such configuration, then the R10 UE may use the R10 PHR format always.
Proposal 1: The same LCID is used for both the R8 PHR MAC-CE format and the R10 PHR MAC-CE format.

Proposal 2: The UE uses the R8 PHR MAC-CE format until such time that it is configured with one or more SCells or simultaneous PUCCH & PUSCH; then it may use the R10 PHR MAC-CE format. 

PH Type Indicator
Since we have agreed to the virtual format and to report PH for all activated cells, Type 1 PH is always reported for the Pcell and all active Scells.  We have also agreed that Type 2 PH is always reported for the Pcell if simultaneous PUCCH&PUSCH is configured for the UE; otherwise Type 2 is not reported for Pcell.  Since the eNB always knows whether or not simultaneous PUCCH&PUSCH is configured for the UE, the eNB also knows whether or not Type 2 PH will be included in the PHR for the Pcell, There is, therefore, no need for a type indicator for each PH.
Proposal 3: There is no need for a PH type indicator for each PH in the PHR.
Pcmax,c Evaluation

Pcmax,c Value Range
Pcmax,c in the RAN 1 LS [4] is defined as the [CC-specific maximum power] value used for the calculation for the reported per-CC PHR.

Per 36.101 [6], Pcmax (for the single R8/9 carrier) has an allowed range which is a function of the maximum power signalled to the UE by the eNB, the UE power class, MPR, A-MPR, and ΔTc.  It is expected that the carrier specific Pcmax,c will be defined in a similar manner, with the values of MPR and A-MPR specified as required for R10 with CA.
In R8/9, the signalled maximum power has a range of [‑30, 33] dBm [7], PPowerClass is specified for LTE UEs as always 23 dBm, maximum MPR is 3dB, maximum A-MPR is 12dB, and maximum ΔTc is 1.5 dB [6].  Using these R8/9 values as the baseline assumption for R10, the Pcmax,c range is -31.5dBm to 23dBm. It is noted that 36.101 [6] includes measurement tolerances for Pcmax values in the range of -40dBm to 23dBm, but based on the specified values it is computed from, the lowest Pcmax value for R8/9 is actually -31.5dBm.
When computing the Pcmax range, it was also observed that the values of MPR and A-MPR did not affect this range.  MPR and A-MPR are power reductions and therefore have no impact on the high end of the range.  Since the low end value of the signalled maximum power is much lower than PPowerClass, that low end value drove the low end of the range; MPR/A-MPR combinations of up to 53dB yielded the same Pcmax range of -31.5dBm to 23dBm.  Though not yet specified by RAN 4, values of MPR+A-MPR greater than 50dB are unlikely; it therefore seems reasonable to use the same Pcmax range for R10 as R8/9.
(Please see the appendix for the calculations.)
For this range of Pcmax,c, if the granularity is 1 dB steps, then 6-bits may be used to represent Pcmax,c.  Depending on the requirements of the scheduler, coarser granularity steps may be used (e.g., 2 dB) to reduce the number of bits needed.  We suggest RAN 4 be consulted on the granularity and mapped values.
Proposal 4: RAN 2 to discuss the number of bits needed to signal Pcmax,c and if RAN4 should be consulted.

Signalling Pcmax,c in the case of Virtual PH
In [5] it is proposed to RAN 2 to consider overhead reduction methods for reporting of Pcmax,c when MPR, A-MPR and ΔTc are set to zero.

All three of these values will be set to zero in each of the following cases:

· Active Scell with no PUSCH grant; a virtual PH is being sent for that Scell

· Pcell not configured for simultaneous PUCCH&PUSCH and no PUSCH grant; a Type 1 virtual PH is being sent for the Pcell and there is no Type 2 PH.

· Pcell configured for simultaneous PUCCH&PUSCH with no PUSCH grant and no PUCCH transmission; a Type 1 and a Type 2 virtual PH are being sent for the Pcell.
In other words, MPR, A-MPR and ΔTc are set to zero when only virtual PH(s) are being sent for a CC.
For each of these cases, the value of the Pcmax,c used for the PH calculation simply becomes the minimum of PPowerClass and the signalled value for maximum CC power.  The eNB knows these values and can compute Pcmax,c directly, so Pcmax,c does not need to be signalled by the UE. 
Proposal 5: For Scell with virtual PH and for Pcell with virtual PH only (Type 1 virtual in case of simultaneous PUCCH&PUSCH not configured, both Type 1 and Type 2 virtuals in the case of simultaneous PUCCH&PUSCH configured), it is not necessary to send Pcmax,c in the PHR.

Although in most cases the eNB will know when the UE is sending virtual PH for a given CC and, therefore, not sending Pcmax,c, there is the possibility of uncertainty due to, for example, a missed grant by the UE.  To avoid any such uncertainty, it is recommended to use a single bit per PH to indicate whether the PH is virtual or real.  Indication of virtual PH would also mean the corresponding Pcmax,c value is not present in the PHR MAC-CE.

More specifically:

For Type 1 (Pcell and Scell), indicate virtual when the PH is based on the PUSCH reference format.

· When virtual is indicated for the PH of an Scell, the indication would also mean Pcmax,c for that Scell is not present.

· When virtual is indicated for the PH of Pcell and simultaneous PUCCH&PUSCH is not configured, the indication would also mean Pcmax,c for the Pcell is not present.

For the case of simultaneous PUCCH&PUSCH configured:

For Type 2 (Pcell only), there is ambiguity as to whether to call the PH real or virtual when PUSCH or PUCCH, but not both of them, use a reference format.  Since Type 1 for the Pcell will already indicate whether the PUSCH is using a reference format, the eNB would get the most information if Type 2 just indicates whether PUCCH is using a reference format.  The two indications combined can be used to determine what combination of actual and reference formats is being used for the Type 2 calculation.

 

It is therefore recommended to indicate “virtual” for Type 2 of the Pcell when the PH uses a reference format for PUCCH.

 

In addition, as long as at least one of PUSCH and PUCCH is using a real format, the values of MPR, A-MPR, and ΔTc may not be zero.  To avoid the need for complex rules, it is therefore recommended that Pcmax,c for both Type 1 and Type 2 always be sent except in the case of both PUSCH and PUCCH using a reference format (i.e., both Type 1 and Type 2 indicating virtual); in that case, neither Pcmax,c should be sent.

Proposal 6: Include a single bit per PH in the PHR which identifies whether the PH is real or virtual.

Proposal 7: For Scell and Pcell Type 1 PH, virtual PH is indicated when the PH is based on the PUSCH reference format.  For Pcell Type 2, virtual PH is indicated when the PH uses a reference format for PUCCH.

Proposal 8: 
· For Scell, indication of virtual PH means the Pcmax,c for that Scell is not present in the PHR.  

· For Pcell in the case of Type 1 PH only (simultaneous PUCCH&PUSCH is not configured), indication of virtual PH means the Pcmax,c for the Pcell is not present in the PHR.
· For Pcell in the case of simultaneous PUCCH&PUSCH configured, indication of virtual PH for both Type 1 and Type 2 PH means the Pcmax,c for both the Type 1 and Type 2 PHs are not present in the PHR.
Signalling Pcmax,c in other special cases
In [4] it is proposed to RAN 2 to consider overhead reduction methods for reporting of PCMAX,C,
· if PCMAX,c is the same for multiple CCs

· if PCMAX,c is the same for simultaneously-transmitted type 1 and type 2 PHRs
For the case of real PH, the likelihood of Pcmax,c being the same for both Type 1 and Type 2 on the Pcell is low.  The Type 2 Pcmax,c calculation will take into account the MPR effects of simultaneous PUSCH and PUCCH while the Type 1 Pcmax,c calculation will only include the MPR effects of the PUSCH.  The MPR used for the Type 2 calculation will likely be higher than that used for the Type 1 calculation.
For the case of multiple CCs, the likelihood of two or more CCs having the same Pcmax,c will be unknown until RAN 4 completes its analyses.  In addition, the likelihood of a large number of UL active CCs all with real PH, the scenario for which reducing the signalling of Pcmax,c values would have the most benefit, is probably low.  Since likelihood of occurrence of this special case is unknown and the benefit of handling it is potentially limited, it seems unnecessary to introduce complexity to try to reduce signalling for this special case.

Proposal 9: Always send Pcmax,c for CCs with real (non-virtual) PH in the PHR.
Indicating the CCs in the PHR
It is expected that most of the time there will no error in understanding between the UE and the eNB as to which CCs are active and, therefore, for which CCs PH is being reported in the PHR. There is, however, some possibility of ambiguity in the case of an error by the UE in receiving activation/deactivation notification.

If it is desired to eliminate the possibility of ambiguity, the use of a bitmap to indicate which CCs are included in the PHR would require the least amount of overhead.  One bit would be needed for each Scell.  No bits are needed for Pcell since PH for Pcell is always sent and whether Type 1 only or Type 1 and Type 2 are sent is based on configuration.

Proposal 10: RAN 2 to decide if indication of CCs in the PHR is needed.
Proposal 11: If indication of CCs in the PHR is agreed, a bitmap should be used.

3 Conclusion
Requirements PH report contents requirements for carrier aggregation have been reviewed. Based on this analysis the following proposals are suggested for RAN2 consideration:  
Proposal 1: The same LCID is used for both the R8 PHR MAC-CE format and the R10 PHR MAC-CE format.

Proposal 2: The UE uses the R8 PHR MAC-CE format until such time that it is configured with one or more SCells or simultaneous PUCCH & PUSCH; then it may use the R10 PHR MAC-CE format. 

Proposal 3: There is no need for a PH type indicator for each PH in the PHR.
Proposal 4: RAN 2 to discuss the number of bits needed to signal Pcmax,c and if RAN4 should be consulted.

Proposal 5: For Scell with virtual PH and for Pcell with virtual PH only (Type 1 virtual in case of simultaneous PUCCH&PUSCH not configured, both Type 1 and Type 2 virtuals in the case of simultaneous PUCCH&PUSCH configured), it is not necessary to send Pcmax,c in the PHR.
Proposal 6: Include a single bit per PH in the PHR which identifies whether the PH is real or virtual.

Proposal 7: For Scell and Pcell Type 1 PH, virtual PH is indicated when the PH is based on the PUSCH reference format.  For Pcell Type 2, virtual PH is indicated when the PH uses a reference format for PUCCH.

Proposal 8: 

· For Scell, indication of virtual PH means the Pcmax,c for that Scell is not present in the PHR.  

· For Pcell in the case of Type 1 PH only (simultaneous PUCCH&PUSCH is not configured), indication of virtual PH means the Pcmax,c for the Pcell is not present in the PHR.

· For Pcell in the case of simultaneous PUCCH&PUSCH configured, indication of virtual PH for both Type 1 and Type 2 PH means the Pcmax,c for both the Type 1 and Type 2 PHs are not present in the PHR.
Proposal 9: Always send Pcmax,c for CCs with real (non-virtual) PH in the PHR.

Proposal 10: RAN 2 to decide if indication of CCs in the PHR is needed.

Proposal 11: If indication of CCs in the PHR is agreed, a bitmap should be used.
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5 Appendix

From section 6.2.5 in [6] (Configured transmitted Power):
The UE is allowed to set its configured maximum output power PCMAX. The configured maximum output power PCMAX is set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H 

Where

-
PCMAX_L = MIN { PEMAX – TC,  PPowerClass – MPR – A-MPR – TC}

-
PCMAX_H = MIN {PEMAX,  PPowerClass}

-
PEMAX is the value given to IE P-Max, defined in [7] 

-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1   [In Table 6.2.2-1, the only power class defined is Class 3 and for that class, PPowerClass is 23dbm with a tolerance of +/- 2dB]
-
MPR and A-MPR are specified in Section 6.2.3 and Section 6.2.4, respectively [from those tables, maximum MPR is 3dB, maximum A-MPR is 15dB]
-
TC = 1.5 dB when Note 2 in Table 6.2.2-1 applies

-
TC = 0 dB when Note 2 in Table 6.2.2-1 does not apply
[Note 2 from table 6.2.2-1:  For transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB ]
Calculations:

The range of PEMAX (P-Max in the RRC spec), is [-30, 33] dBm [7].
PPowerClass is specified for LTE UEs as always 23dBm (table-6.2.2-1, [6]).
The largest combination of allowed MPR and A-MPR in R-8/9 is 15 dB (3dB MPR, 12dB A-MPR) [6].
Largest TC = 1.5 dB (from above).
For the high end of the range, use the highest value of PEMAX:

PCMAX_H = MIN {PEMAX,  PPowerClass} = MIN {33, 23} = 23dBm

For the low end of the range, use the lowest value of PEMAX and the largest allowed power reductions, i.e., the largest values of MPR, A-MPR, and TC:
PCMAX_L = MIN { PEMAX – TC,  PPowerClass – MPR – A-MPR – TC} = MIN {-31.5, 6.5} = -31.5 dBm.
Thus, Pcmax range = -31.5 dBm to 23 dBm and it is clear that the lowest value of PCMAX_L is driven by the lowest value of PEMAX.
For MPR/A-MPR to impact the lowest value of PCMAX_L, it would require: 

PPowerClass – MPR – A-MPR – TC < -31.5 dB

23 – (MPR + A-MPR) – 1.5 < -31.5
MPR + A-MPR > 23 + 31.5 – 1.5 = 53dB.
