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Discussion 

1. Introduction
In RAN WG2#72 a new Power Headroom Reporting format was discussed for Rel10 Carrier Aggregation, and it was agreed that PCMAX,c. would be included into new PHR format. RAN2 sent RAN4 an LS [1] which is included below. The purpose of this contribution is to consider if 6 bits would be sufficient for PCMAX,c reporting purposes
1. Overall Description: 
In RAN WG2#72 new Power Headroom Reporting format was discussed for Rel10 Carrier Aggregation, including how the PCMAX,c. would be included into new PHR format. 

During discussion, it was noted that if number of bits used for PCMAX,c. is between 5 to 8 bits, it would not make significant difference for the new PHR format and basically any of those could be used.  To get new PHR format defined, RAN2 considered that 6 bits provides sufficient PCMAX,c. reporting accuracy and agreed to reserve 6bits for PCMAX,c,.

RAN2 would like to inform above agreement to RAN4 and request RAN4 to confirm whether 6 bits provides sufficient accuracy for PCMAX,c. If RAN4 agrees that 6 bits for PCMAX,c is sufficient, RAN2 request RAN4 to defined values for PCMAX,c to be used in the new PHR report format. 

2. Actions: 
To TSG RAN4: RAN2 kindly ask RAN4 to confirm whether 6 bits can provide sufficient accuracy for Pcmax report and if that is the case define values for PCMAX,c for  PHR reporting.

2. Discussion
According to 36.101 the definition of Pcmax is
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

-
MRP and A-MPR are specified in Section 6.2.3 and Section 6.2.4, respectively

-
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

Considering cases where the UE output power is limited by PEMAX the eNB is already aware that it has signalled a particular PEMAX. Hence it seems mainly to be of interest to indicate accurate Pcmax values which lie between PPowerClass – MPR – A-MPR – TC and PPowerClass. 
For CA, the largest MPR which can be used according to 36.101 table 6.2.3.A-1 is 3dB.

The largest A-MPR which is currently defined in 36.101 is 12dB for NS-07.

Taking all of these together, this indicates that the approximate value range which could be initially considered of interest for Pcmax,c would be approximately 3+12+1.5 = 16.5dB. This range could be represented with approximately 0.25dB granularity, considering RAN2 proposal to use 6 bits. The range of 16.5dB is probably somewhat less than RAN4 would ultimately wish to define for a number of reasons eg

· The signalling should be somewhat futureproof. In some future (as yet unanticipated) deployments there may be a need for further MPR or A-MPR.

· Related to this, a power management backoff was agreed to be reflected in Pcmax,c [2]
· The precise definition of Pcmax,c is not clear, and the analysis above is based on consideration of the release 8/9 Pcmax
Considering these factors, it still seems likely that  6 bits would allow for reporting of Pcmax,c with a granularity of 0.5dB to 1.0dB ,which could,  for example cover a range from -8.5dBm to 23dBm, with 0.5dB granularity or from -40dBm to 23dBm as shown in the example mapping tables in section 4.
Our view is that 0.5dB or 1dB granularity should be sufficient for eNB scheduling decisions, especially considering that the headroom is anyway used to estimate future conditions which always have some uncertainity. Based on this, we propose

Proposal 1 : RAN4 confirms to RAN2 that 6 bit mapping is sufficient for PCmax,c in the new release 10 power headroom reporting format

Proposal 2: RAN4 works on further details of the PCmax,c mapping and specifies this in 36.133 in a future meeting.
3. Conclusions
This contribution has presented some considerations on report mapping for the reporting of PCmax,c. Based on these considerations, our understanding is that 6 bit mapping proposed by RAN2 in [1] is sufficient. We propose that this is confirmed by LS to RAN2, and that RAN4 continues to work on the details of report mapping  based on 6 bits (ie 64 possible reported values) in future meetings.
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5. Example mapping tables with 0.5dB and 1dB granularity
	PCMAXC_0
	Pcmax,c < -8.5dBm

	PCMAXC_1
	-8.5dBm  ≤ Pcmax,c < -8dBm

	PCMAXC_2
	-8dBm  ≤ Pcmax,c < -7.5dBm

	PCMAXC_3
	-7.5dBm  ≤ Pcmax,c < -7dBm

	PCMAXC_4
	-7dBm  ≤ Pcmax,c < -6.5dBm

	PCMAXC_5
	-6.5dBm  ≤ Pcmax,c < -6dBm

	PCMAXC_6
	-6dBm  ≤ Pcmax,c < -5.5dBm

	PCMAXC_7
	-5.5dBm  ≤ Pcmax,c < -5dBm

	PCMAXC_8
	-5dBm  ≤ Pcmax,c < -4.5dBm

	PCMAXC_9
	-4.5dBm  ≤ Pcmax,c < -4dBm

	PCMAXC_10
	-4dBm  ≤ Pcmax,c < -3.5dBm

	PCMAXC_11
	-3.5dBm  ≤ Pcmax,c < -3dBm

	PCMAXC_12
	-3dBm  ≤ Pcmax,c < -2.5dBm

	PCMAXC_13
	-2.5dBm  ≤ Pcmax,c < -2dBm

	PCMAXC_14
	-2dBm  ≤ Pcmax,c < -1.5dBm

	PCMAXC_15
	-1.5dBm  ≤ Pcmax,c < -1dBm

	PCMAXC_16
	-1dBm  ≤ Pcmax,c < -0.5dBm

	PCMAXC_17
	-0.5dBm  ≤ Pcmax,c < 0dBm

	PCMAXC_18
	0dBm  ≤ Pcmax,c < 0.5dBm

	PCMAXC_19
	0.5dBm  ≤ Pcmax,c < 1dBm

	PCMAXC_20
	1dBm  ≤ Pcmax,c < 1.5dBm

	PCMAXC_21
	1.5dBm  ≤ Pcmax,c < 2dBm

	PCMAXC_22
	2dBm  ≤ Pcmax,c < 2.5dBm

	PCMAXC_23
	2.5dBm  ≤ Pcmax,c < 3dBm

	PCMAXC_24
	3dBm  ≤ Pcmax,c < 3.5dBm

	PCMAXC_25
	3.5dBm  ≤ Pcmax,c < 4dBm

	PCMAXC_26
	4dBm  ≤ Pcmax,c < 4.5dBm

	PCMAXC_27
	4.5dBm  ≤ Pcmax,c < 5dBm

	PCMAXC_28
	5dBm  ≤ Pcmax,c < 5.5dBm

	PCMAXC_29
	5.5dBm  ≤ Pcmax,c < 6dBm

	PCMAXC_30
	6dBm  ≤ Pcmax,c < 6.5dBm

	PCMAXC_31
	6.5dBm  ≤ Pcmax,c < 7dBm

	PCMAXC_32
	7dBm  ≤ Pcmax,c < 7.5dBm

	PCMAXC_33
	7.5dBm  ≤ Pcmax,c < 8dBm

	PCMAXC_34
	8dBm  ≤ Pcmax,c < 8.5dBm

	PCMAXC_35
	8.5dBm  ≤ Pcmax,c < 9dBm

	PCMAXC_36
	9dBm  ≤ Pcmax,c < 9.5dBm

	PCMAXC_37
	9.5dBm  ≤ Pcmax,c < 10dBm

	PCMAXC_38
	10dBm  ≤ Pcmax,c < 10.5dBm

	PCMAXC_39
	10.5dBm  ≤ Pcmax,c < 11dBm

	PCMAXC_40
	11dBm  ≤ Pcmax,c < 11.5dBm

	PCMAXC_41
	11.5dBm  ≤ Pcmax,c < 12dBm

	PCMAXC_42
	12dBm  ≤ Pcmax,c < 12.5dBm

	PCMAXC_43
	12.5dBm  ≤ Pcmax,c < 13dBm

	PCMAXC_44
	13dBm  ≤ Pcmax,c < 13.5dBm

	PCMAXC_45
	13.5dBm  ≤ Pcmax,c < 14dBm

	PCMAXC_46
	14dBm  ≤ Pcmax,c < 14.5dBm

	PCMAXC_47
	14.5dBm  ≤ Pcmax,c < 15dBm

	PCMAXC_48
	15dBm  ≤ Pcmax,c < 15.5dBm

	PCMAXC_49
	15.5dBm  ≤ Pcmax,c < 16dBm

	PCMAXC_50
	16dBm  ≤ Pcmax,c < 16.5dBm

	PCMAXC_51
	16.5dBm  ≤ Pcmax,c < 17dBm

	PCMAXC_52
	17dBm  ≤ Pcmax,c < 17.5dBm

	PCMAXC_53
	17.5dBm  ≤ Pcmax,c < 18dBm

	PCMAXC_54
	18dBm  ≤ Pcmax,c < 18.5dBm

	PCMAXC_55
	18.5dBm  ≤ Pcmax,c < 19dBm

	PCMAXC_56
	19dBm  ≤ Pcmax,c < 19.5dBm

	PCMAXC_57
	19.5dBm  ≤ Pcmax,c < 20dBm

	PCMAXC_58
	20dBm  ≤ Pcmax,c < 20.5dBm

	PCMAXC_59
	20.5dBm  ≤ Pcmax,c < 21dBm

	PCMAXC_60
	21dBm  ≤ Pcmax,c < 21.5dBm

	PCMAXC_61
	21.5dBm  ≤ Pcmax,c < 22dBm

	PCMAXC_62
	22dBm  ≤ Pcmax,c < 22.5dBm

	PCMAXC_63
	22.5dBm  ≤ Pcmax,c < 23dBm


	PCMAXC_0
	Pcmax,c < -40dBm

	PCMAXC_1
	-40≤ Pcmax,c < -39dBm

	PCMAXC_2
	-39≤ Pcmax,c < -38dBm

	PCMAXC_3
	-38≤ Pcmax,c < -37dBm

	PCMAXC_4
	-37≤ Pcmax,c < -36dBm

	PCMAXC_5
	-36≤ Pcmax,c < -35dBm

	PCMAXC_6
	-35≤ Pcmax,c < -34dBm

	PCMAXC_7
	-34≤ Pcmax,c < -33dBm

	PCMAXC_8
	-33≤ Pcmax,c < -32dBm

	PCMAXC_9
	-32≤ Pcmax,c < -31dBm

	PCMAXC_10
	-31≤ Pcmax,c < -30dBm

	PCMAXC_11
	-30≤ Pcmax,c < -29dBm

	PCMAXC_12
	-29≤ Pcmax,c < -28dBm

	PCMAXC_13
	-28≤ Pcmax,c < -27dBm

	PCMAXC_14
	-27≤ Pcmax,c < -26dBm

	PCMAXC_15
	-26≤ Pcmax,c < -25dBm

	PCMAXC_16
	-25≤ Pcmax,c < -24dBm

	PCMAXC_17
	-24≤ Pcmax,c < -23dBm

	PCMAXC_18
	-23≤ Pcmax,c < -22dBm

	PCMAXC_19
	-22≤ Pcmax,c < -21dBm

	PCMAXC_20
	-21≤ Pcmax,c < -20dBm

	PCMAXC_21
	-20≤ Pcmax,c < -19dBm

	PCMAXC_22
	-19≤ Pcmax,c < -18dBm

	PCMAXC_23
	-18≤ Pcmax,c < -17dBm

	PCMAXC_24
	-17≤ Pcmax,c < -16dBm

	PCMAXC_25
	-16≤ Pcmax,c < -15dBm

	PCMAXC_26
	-15≤ Pcmax,c < -14dBm

	PCMAXC_27
	-14≤ Pcmax,c < -13dBm

	PCMAXC_28
	-13≤ Pcmax,c < -12dBm

	PCMAXC_29
	-12≤ Pcmax,c < -11dBm

	PCMAXC_30
	-11≤ Pcmax,c < -10dBm

	PCMAXC_31
	-10≤ Pcmax,c < -9dBm

	PCMAXC_32
	-9≤ Pcmax,c < -8dBm

	PCMAXC_33
	-8≤ Pcmax,c < -7dBm

	PCMAXC_34
	-7≤ Pcmax,c < -6dBm

	PCMAXC_35
	-6≤ Pcmax,c < -5dBm

	PCMAXC_36
	-5≤ Pcmax,c < -4dBm

	PCMAXC_37
	-4≤ Pcmax,c < -3dBm

	PCMAXC_38
	-3≤ Pcmax,c < -2dBm

	PCMAXC_39
	-2≤ Pcmax,c < -1dBm

	PCMAXC_40
	-1≤ Pcmax,c < 0dBm

	PCMAXC_41
	0≤ Pcmax,c < 1dBm

	PCMAXC_42
	1≤ Pcmax,c < 2dBm

	PCMAXC_43
	2≤ Pcmax,c < 3dBm

	PCMAXC_44
	3≤ Pcmax,c < 4dBm

	PCMAXC_45
	4≤ Pcmax,c < 5dBm

	PCMAXC_46
	5≤ Pcmax,c < 6dBm

	PCMAXC_47
	6≤ Pcmax,c < 7dBm

	PCMAXC_48
	7≤ Pcmax,c < 8dBm

	PCMAXC_49
	8≤ Pcmax,c < 9dBm

	PCMAXC_50
	9≤ Pcmax,c < 10dBm

	PCMAXC_51
	10≤ Pcmax,c < 11dBm

	PCMAXC_52
	11≤ Pcmax,c < 12dBm

	PCMAXC_53
	12≤ Pcmax,c < 13dBm

	PCMAXC_54
	13≤ Pcmax,c < 14dBm

	PCMAXC_55
	14≤ Pcmax,c < 15dBm

	PCMAXC_56
	15≤ Pcmax,c < 16dBm

	PCMAXC_57
	16≤ Pcmax,c < 17dBm

	PCMAXC_58
	17≤ Pcmax,c < 18dBm

	PCMAXC_59
	18≤ Pcmax,c < 19dBm

	PCMAXC_60
	19≤ Pcmax,c < 20dBm

	PCMAXC_61
	20≤ Pcmax,c < 21dBm

	PCMAXC_62
	21≤ Pcmax,c < 22dBm

	PCMAXC_63
	22≤ Pcmax,c < 23dBm








