TSG-RAN Working Group 4 (Radio) meeting #78
  R4-160234
St. Julian’s, Malta, 15 – 19 February 2016


Source:
Ericsson

Title:
More on Pcmax misalignment between 36.101 and 36.213 for DC
Agenda item:
5.1.1
Document for:
Approval
1 Background

In this contribution we continue the discussion in [1] on the misalignment of description of Pcmax in 36.101 and the intended use for UL power allocation in 36.213. We propose that
1. the description of the Pcmax in 36.101 accounts for two subframes of any overlap consistent with the definition in 36.213; 

2. the Pumax (the measured Pcmax) accounts for two pairs of overlapping subframes similar to the current description of Pcmax in 36.101.

In this way, the description of the Pcmax covers both power control modes in 36.213 and the requirement on the Pumax in 36.101 allows verification that Ppowerclass is not exceeded and tolerances can be specified for a 1 ms measurement duration with due account for possible power changes. It is recognized that the Pcmax thus calculated do not account for other adjacent subframes that overlap with the two subframes considered, but the Pcmax does not account for power scaling to keep total power less than Ppowerclass in any case.
The proposal above requires a change in 36.101 whereas 36.213 can remain unchanged.
2 UL power allocation in 36.213
The UL power allocation for DC depends on the Pcmax for a subframe pair regardless of the overlap between the subframes, this applies for both power-control modes: 
for power control mode 1,
If the UE PUSCH/PUCCH transmission(s) in subframe [image: image1.wmf]1
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 of CG1 overlap in time with PUSCH/PUCCH transmission(s) in more than one symbol of subframe [image: image2.wmf]2
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of CG2 or if at least the last symbol the UE PUSCH/PUCCH transmission(s) in subframe [image: image3.wmf]1
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 of CG1 overlap in time with SRS transmission(s) of subframe [image: image4.wmf]2
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is the linear value configured transmitted power for Dual Connectivity for the subframe pair [image: image6.wmf](
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as described in [6] [i.e. 36.101].  
for power control mode 2,
If subframe [image: image7.wmf]1
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 of CG1 overlaps in time with subframe [image: image8.wmf]1
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 and subframe [image: image9.wmf]2
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of CG2, and if the UE has transmission(s) in subframe [image: image10.wmf]1

i

 of CG1, 

-
if the UE determines based on higher layer signalling that transmission(s) in subframe [image: image11.wmf]1

i

 of CG1 cannot overlap in time with transmission(s) in subframe [image: image12.wmf]2

i

 of CG2, the UE shall determine 
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Otherwise, the UE shall determine
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with the Pcmax
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is the linear value of configured transmitted power for Dual Connectivity for the subframe pair [image: image16.wmf](
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, as described in [6];

In 36.101, on the other hand, the subframe pairing is based on the subframe that leads in time with regard to the first slot.

For mode 2 there may be two cases: i2 overlapping with the first or the second slot of i1, see Figure 1. The description of the Pcmax in 36.101 should cover both cases.
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Figure 1: overlapping subframes relevant for power-control mode 2.
There may be PRACH transmission in i2, then the UE should be ready to send that in i2-1 at the latest; hence the PRACH assignment is known in i2-1. 

Now the case in which i2 is overlapping with the second slot of i1 is not covered by the present version of the 36.101 according to which the dotted subframe in Figure 1 should be considered; then subframe i2 is not covered. This is due to the following in 36.101:
If the UE is configured in Dual Connectivity, the subframes in one CG that overlap with subframes in another CG in their respective slot 1 shall be paired together between CGs. 

One way is to modify the 36.213 such that the first slots of subframes i1 and i2 should overlap (if not then just swap CG1 and CG2 in the figure above). Other modifications of 36.213 for resolving the misalignment have been discussed in [2]. However, by allowing any overlap in the description of Pcmax in 36.101, then a change in 36.101 is sufficient.
3 Description in 36.101 and requirement on measured power

The description of the Pcmax to be calculated for a subframe pair (p,q) with any overlap could be specified just as for inter-band CA:
PCMAX_L (p,q) ≤  PCMAX (p,q)  ≤  PCMAX_H (p,q)

with
PCMAX_L (p,q) = MIN {10 log10 [pCMAX_L,c(1),1 (p) + pCMAX_L,c(2),2 (q)], PPowerClass}
PCMAX_H (p,q) = MIN {10 log10 [pCMAX_H,c(1),1 (p) + pCMAX_H,c(2),2 (q)], PPowerClass}
where pCMAX_L,c(i),i is pCMAX_H,c(i),i are the respective limits PCMAX_L,c(i),i (p) and PCMAX_H,c(i),i (p) expressed in linear scale.
This would be a single value of the total configured power with its limits that apply for any overlap between p and q. In principle, Pcmax could be measured (Pumax) in the actual overlap between p and q but it would not be verified that PPowerClass is not exceed at any time and the measurement periods would be shorter than 1 ms.

But the Pumax can be measured by using the current methodology in 36.101 as discussed in [1]. This would allow a continuous measurement and the tolerances would be specified over at least 1 ms, the duration of the reference subframe. Then a subframe pairing according to
[…], the subframes in one CG that overlap with subframes in another CG in their respective slot 1 shall be paired together between CGs. 

can be used:
The measured total maximum output power PUMAX over both CGs is

PUMAX = 10 log10 [pUMAX,c(1),1 + pUMAX,c(2),2],
where pUMAX,c(i),i  denotes the measured output power of serving cell c(i) of CG i expressed in linear scale. 

If the UE is configured in Dual Connectivity and synchronous transmissions […]
If the UE is configured in Dual Connectivity and asynchronous transmissions, the subframe of the leading CG is taken as a reference subframe for the measurement of the total configured output power PUMAX. The subframes in one CG that overlap with subframes in another CG in their respective slot 1 shall be paired together between CGs. If subframe p and subframe q are the subframe pair (p,q) between CG 1 and CG 2 respectively, then 
1.
if CG 1 leads, the (p,q) and (p,q-1) pairs are considered for PUMAX
2.
if CG 2 leads, the (p-1,q) and (p,q) pairs are considered for PUMAX.

For the reference subframe p duration (when subframe p in CG 1 leads):

P’CMAX_L   = MIN {PCMAX_L   (p,q) , PCMAX_L  (p,q-1)}

P’CMAX_H  = MAX {PCMAX_H   (p,q) , PCMAX_H  (p,q-1)}

For the reference subframe q duration (when subframe q in CG 2 leads):

P’CMAX_L   = MIN {PCMAX_L   (p-1,q) , PCMAX_L  (p,q)}

P’CMAX_H  = MAX {PCMAX_H   (p-1,q) , PCMAX_H  (p,q)}

where PCMAX_L   and PCMAX_H  are the applicable limits for for each overlapping subframe pairs (p,q), (p, q-1) and (p-1,q). 

If the UE is configured in Dual Connectivity and asynchronous transmissions

P’CMAX_L   –  TLOW (P’CMAX_L)  ≤  PUMAX  ≤  P’CMAX_H  + THIGH (P’CMAX_H)

with the tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX specified in Table 6.2.5C-1.
The measured total maximum output power PUMAX over both CGs is

PUMAX = 10 log10 [pUMAX,c(1),1 + pUMAX,c(2),2],
where pUMAX,c(i),i  denotes the measured output power of serving cell c(i) of CG i expressed in linear scale. 

If the UE is configured in Dual Connectivity and synchronous transmissions […]
If the UE is configured in Dual Connectivity and asynchronous transmissions, the subframe of the leading CG [to be defined] is taken as a reference subframe for the measurement of the total configured output power for a subframe pair (p,q) . If subframe p and subframe q are the subframe pair (p,q) between MCG and SCG respectively, then 
1.
if MCG leads, the (p,q) and (p,q-1) pairs are considered for PUMAX
2.
if SCG leads, the (p-1,q) and (p,q) pairs are considered for PUMAX.

For the reference subframe p duration (when subframe p in MCG leads):

P’CMAX_L   = MIN {PCMAX_L   (p,q) , PCMAX_L  (p,q-1)}

P’CMAX_H  = MAX {PCMAX_H   (p,q) , PCMAX_H  (p,q-1)}

For the reference subframe q duration (when subframe q in SCG leads):

P’CMAX_L   = MIN {PCMAX_L   (p-1,q) , PCMAX_L  (p,q)}

P’CMAX_H  = MAX {PCMAX_H   (p-1,q) , PCMAX_H  (p,q)}

where PCMAX_L   and PCMAX_H  are the applicable limits for for each overlapping subframe pairs (p,q), (p, q-1) and (p-1,q). 

If the UE is configured in Dual Connectivity and asynchronous transmissions

P’CMAX_L   –  TLOW (P’CMAX_L)  ≤  PUMAX  ≤  P’CMAX_H  + THIGH (P’CMAX_H)

with the tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX specified in Table 6.2.5C-1.
The limits of Pumax will be wider than those of the Pcmax above due to the tolerance: the difference is only in the overlap between subframes p and q-1, see Figure 2 below.
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Figure 2: measurement of PUMAX for DC.
Hence there is a difference between the limits of the Pcmax calculated for the UL power allocation in 36.213 and those for measured value Pumax (the RAN4 requirements); this is not only the case for DC – it’s always the case. Pumax requirement thus specified would also allow power reservation for keeping the power below +25 dBm (including tolerance) and does not require excessive look-ahead.
Similar changes could also be introduced for ProSe.
4 Proposal

It is proposed that

1. the calculation of PCMAX(p,q) for a sub-frame p in CG 1 and a sub-frame  q in CG 2 that overlap in time be carried out just as for inter-band CA regardless of operational mode,

2. the measurement of PCMAX(p,q) with tolerances, denoted PUMAX, be carried out according the PCMAX(p,q) in the existing version of 36.101.
A CR to 36.101 is supplied in [3].
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