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1 Background
In this contribution we continue the discussion in [1] on the specification of Pcmax in the overlap region when the serving cells belong to different TAGs asked for by RAN1 in their LS [2]. This should also include possible SRS transmission. The MTA case should be specified for Rel-12 that will include UL CA, whereas the handling of SRS should actually be considered already for the Rel-10 specifications.
We recall that in the power control and power-headroom formulae in 36.213, 
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is the configured UE transmit power defined in [36.101] in subframe i for serving cell 
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applies for all types of transmissions.
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is used for PHR and is applicable for the entire subframe i. The 36.213 refers to 36.101 in turn for the definition of Pcmax, but this is only given as a range,
PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c
the only possible way since A-MPR and MPR are maximum allowed power reductions. For a given scenario, A-MPR and MPR are normative and only governed by the resource allocation in terms of RB, the duration of a slot in the time domain, and applies for any type of transmission. It is therefore reasonable to consider Pcmax evaluation over a time frame no shorter than a slot. 
In what follows we provide proposed specification text for both the SRS and the MTA cases, but contrary to [1], the text is now normative to account for the fact that A-MPR and MPR are indeed normative. The MTA case may actually need some further investigation.  
2 SRS piggy-backed on shorted PUSCH and the single TAG case 
A-MPR applies to all types of transmission within a subframe, but the required power reduction is nevertheless different for PUSCH and SRS for a given PRB allocation since the waveforms are different (conformance testing in 36.521-1 is limited to PUSCH transmission). This assumes that the output power and the underlying requirement (e.g. spurious emissions) are measured on a symbol basis. In the conformance specification, the spurious emissions are evaluated on a per-slot basis, which considers slot hopping. This is another argument for considering Pcmax in a time frame no shorter than a slot.
For NS_07 it is explicitly stated that the RB allocations governing the A-MPR apply on a per-slot basis, which would cover the case of e.g. PUCCH transmission on the left-hand side of Figure 1. The larger of the two A-MPR thus evaluated is then allowed for the entire subframe (see notes 3 and 4 in Table 6.2.4-2 of 36.101). Likewise, for SRS and shortened PUSCH transmission the A-MPR for the second slot on the carrier on the right-hand side of Figure 1, a single A-MPR should likewise be evaluated on a per-slot basis and the maximum of that required for the two slots be allowed for the entire subframe. (The component carriers displayed in the figures below are not necessarily adjacent in frequency.)
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Figure 1: PUCCH transmission (left) and shortened PUSCH transmission (right).
The evaluation of the A-MPR per slot for shorted PUSCH/PUCCH consistent with the above should be included in the specification of A-MPR (and MPR) for non-CA operations as normative text in 36.101: 

6.2.4
UE maximum output power with additional requirements

Additional ACLR and spectrum emission requirements can be signalled by the network to indicate that the UE shall also meet additional requirements in a specific deployment scenario. To meet these additional requirements, Additional Maximum Power Reduction (A-MPR) is allowed for the output power as specified in Table 6.2.2-1. Unless stated otherwise, an A-MPR of 0 dB shall be used. For each subframe, the A-MPR is evaluated per slot and given by the maximum value taken over the transmission(s) within the slot; the maximum A-MPR over the two slots is then applied for the entire subframe.
For UE Power Class 3 the specific requirements and identified subclauses are specified in Table 6.2.4-1 along with the allowed A-MPR values that may be used to meet these requirements. The allowed A-MPR values specified below in Table 6.2.4.-1 and 6.2.4-2 are in addition to the allowed MPR requirements specified in subclause 6.2.3.
This change should be made already in the Rel-10 specifications. The change would not mandate a new behavior for Rel-10 UEs, and is consistent with the allowance when NS_07 is signaled. For carrier aggregation (single TAG), a similar change, also for Rel-10:

6.2.4A
UE maximum output power with additional requirements for CA
Additional ACLR, spectrum emission and spurious emission requirements for carrier aggregation can be signalled by the network to indicate that the UE shall also meet additional requirements in a specific deployment scenario. To meet these additional requirements, Additional Maximum Power Reduction (A-MPR) is allowed for the CA Power Class as specified in Table 6.2.2A-1. For intra-band contiguous aggregation, the A-MPR is evaluated per slot and given by the maximum value taken over the transmission(s) on all component carriers within the slot; the maximum A-MPR over the two slots is then applied for the entire subframe.
If the UE is configured for carrier aggregation and receives CA_NS value indicated by IE additionalSpectrumEmissionSCell-r10, the allowed maximum output power reduction is specified in Table 6.2.4A-1 and clause 6.2.3A does not apply i.e carrier aggregation MPR = 0. 

In a similarly way, the Pcmax definition could be updated allowing the lower limit PCMAX_L that depends on TC and any allowed power back-off to be evaluated on a per-slot basis:
6.2.5

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 – MAX(MPR + A-MPR, P-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

-
MPR and A-MPR are specified in subclause 6.2.3 and subclause 6.2.4, respectively

-
P-MPR is the allowed maximum output power reduction for;

a)
Ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications.

b)
Ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.


The UE shall apply P-MPR only for the above cases. For UE conducted conformance testing P-MPR shall be 0 dB

NOTE 1: P-MPR was introduced in the PCMAX equation such that the UE can report to the eNB the available maximum output transmit power. This information can be used by the eNB for scheduling decisions.

NOTE 2: P-MPR may impact the maximum uplink performance for the selected UL transmission path.

-
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

For each subframe, the PCMAX_L is evaluated per slot and given by the minimum value over the transmission(s) within the slot; the minimum PCMAX_L over the two slots is then applied for the entire subframe. 
The measured configured maximum output power PUMAX shall be within the following bounds:

PCMAX_L  –  T(PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H  +  T(PCMAX_H) 

Where T(PCMAX) is defined by the tolerance table below and applies to PCMAX_L and PCMAX_H separately
This would resolve the problem of shortened-PUSCH/PUCCH transmission; the CA case we consider below.
3 Different TAGs
The case of different TAG(s) is another ballpark. When more than one serving cell is configured in the uplink, the total power of all transmissions is limited by Pcmax, from 36.213,
“[…] of the UE total configured maximum output power 
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 defined in [36.101] in subframe i”.

hence also given per subframe. If the serving cells belong to multiple TAGs, the following applies:
If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission of the UE on subframe 
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 for a given serving cell in a TAG overlaps some portion of the first symbol of the PUSCH transmission on subframe 
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 for a different serving cell in another TAG the UE shall adjust its total transmission power to not exceed 
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on any overlapped portion.

If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe 
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 for a given serving cell in a TAG overlaps some portion of the first symbol of the PUCCH transmission on subframe 
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 for a different serving cell in another TAG the UE shall adjust its total transmission power to not exceed 
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on any overlapped portion.

If the UE is configured with multiple TAGs, and if the SRS transmission of the UE in a symbol on subframe 
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 for a given serving cell in a TAG overlaps with the PUCCH/PUSCH transmission on subframe 
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or subframe 
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 for a different serving cell in the same or another TAG the UE shall drop SRS if its total transmission power exceeds 
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on any overlapped portion of the symbol.
Hence the Pcmax must never be exceeded; any simultaneous SRS is dropped if this happens. In 36.101, Pcmax is still defined in terms of a range since the actual configured power depends on allowed relaxations:
PCMAX_L_CA ≤  PCMAX  ≤  PCMAX_H_CA
The evaluation of Pcmax should also be carried on a slot basis just as Pcmax,c including the case of SRS transmission, and PCMAX_L_CA should not change on a time scale shorter than a subframe.
Figure 2 shows the case of simultaneous PUSCH and SRS transmission that is only allowed when the serving cells belong to different TAGs. The transient regions around the symbols and subframes are indicated by the dotted lines. Shortened PUSCH is preceding an SRS on one cell, while a varying PUSCH allocation is assumed for the other cell. Remark that the transmission bandwidths are all different in subframe i, the overlap and subframe i+1. 
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Figure 2: two cells belonging to different TAGs and overlap.
According to the agreement for MTA captured in TR 36.823, the maximum PCMAX_L_CA taken over subframes i and i+1 applies for the overlap period. However, the back-off needed for the total transmission bandwidth in the overlap can be larger than that allowed by the maximum. The case shown in Figure 2 may be one such example when the carriers in TAG 1 and TAG 2 are assigned to different bands. For the inter-band case (and any other), the Pcmax,c is set per component carrier using the resulting A-MPRc. If not capped by PPowerclass, the PCMAX_L_CA is then the sum of PCMAX_L,c in linear scale. Now, for the MTA case in Figure 2, the sum of PCMAX_L,c for subframe i in TAG 1 and PCMAX_L,c for subframe i+1 for TAG 2 would be relevant total configured output power for the overlap. This sum may be larger than the maximum as given by the PCMAX_L_CA for subframe i, which would constrain the power back-off across the two carriers. 
The problem of back-off constraints in the overlap can in fact also appear at the slot boundary as demonstrated in Figure 3. The transmission bandwidths are all different in Slot 1, the overlap and Slot 2. 
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Figure 3: the case of different transmission bandwidth in the overlap across the slot boundary.

The A-MPR needed for the transmission bandwidth in the overlap may be larger than that evaluated per slot and subsequently applied for the entire subframe disregarding any overlap. This means that the emissions limit may be exceeded in the overlap or one has to rely on a transmitter with better linearity than that just meeting the minimum performance. The case in Figure 3 can be circumvented by avoiding slot hopping and simultaneous PUCCH and PUSCH.
The overlap duration is less than 30 s, but spurious emissions requirements should be met at any time. In the conformance tests the spurious emissions are evaluated per slot, from 36.521-1,
3.
Measure the power of the transmitted signal with a measurement filter of bandwidths according to table 6.6.3.1.5-1. The centre frequency of the filter shall be stepped in contiguous steps according to table 6.6.3.1.5-1. The measured power shall be verified for each step. The measurement period shall capture the active time slots.

However, it is not clear whether or not any averaging across the slot is applied, and there is limited guidance in regulations. Ideally, the Pcmax specification should therefore ensure that the emissions requirements are always met. In practice, for the MTA case, it is awkward to use anything other than then maximum PCMAX_L_CA that implies that the configured output power stays constant for a time duration no less than a subframe. The maximum overlap duration is less than half a symbol. 
Use of the maximum PCMAX_L_CA for the overlap as per the agreement in TR 36.823 would nevertheless cover many cases and provide a definition of the Pcmax for the overlap period as requested by RAN1. Below we propose specification text that is aligned with the limitations specified in 36.213 (see above). 
Firstly, the PCMAX_L_CA should be evaluated per slot and given by the minimum value taken over the transmission(s) within the slot; the minimum PCMAX_L_CA over the two slots is then applied for the entire subframe. This should apply with or without MTA. Secondly, in case of different TAG, the maximum for the preceding and succeeding subframes is applied for any overlap, which defines Pcmax in the overlap. 
The changes for Pcmax (the total power) would look as follows in 36.101, only the lower limit of Pcmax is affected:

For carrier aggregation with two UL serving cells, the total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L_CA ≤  PCMAX  ≤  PCMAX_H_CA
For intra-band contiguous carrier aggregation, 
-
PCMAX_L _CA = MIN{10 log10 ∑ pEMAX,c  - TC , PPowerClass – MAX(MPR + A-MPR, P-MPR ) – TC}
-
PCMAX_H_CA  = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
where 
-
pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7].

-
PPowerClass is the maximum UE power specified in Table 6.2.2A-1 without taking into account the tolerance specified in the Table 6.2.2A-1.
-
MPR and A-MPR specified in subclause 6.2.3A and subclause 6.2.4A respectively.
-
P-MPR is the power management term for the UE. 
-
TC is the highest value TC,c among all serving cells c in the subframe over both timeslots. TC,c = 1.5 dB when Note 2 in Table 6.2.2A-1 applies to the serving cell c. TC,c = 0 dB when Note 2 in Table 6.2.2A-1 does not apply to the serving cell c. 

For inter-band carrier aggregation with up to one serving cell c per operating band: 
PCMAX_L_CA  = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass/(mprc·a-mprc·tC,c ·tIB,c) ,

pPowerClass/(pmprc·tC,c) ], PPowerClass}

PCMAX_H_CA  = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
where
-
pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7].
-
PPowerClass is the maximum UE power specified in Table 6.2.2A-1 without taking into account the tolerance specified in the Table 6.2.2A-1. pPowerClass is the linear value of PPowerClass.

-
MPR c and A-MPR c apply per serving cell c and are specified in subclause 6.2.3 and subclause 6.2.4, respectively. mpr c is the linear value of MPR c. a-mpr c is the linear value of A-MPR c. 
-
P-MPR c accounts for power management for serving cell c. pmprc is the linear value of P-MPR c. 
-
tC,c = 1.41 when Note 2 in Table 6.2.2-1 applies for a serving cell c
-
tC,c = 1 when Note 2 in Table 6.2.2-1 does not apply for a serving cell c

-
tIB,c  is the linear value of the inter-band relaxation term of the serving cell c TIB,c. tIB,cwhen no inter-band relaxation is allowed.
For each subframe, the PCMAX_L_CA is evaluated per slot and given by the minimum value taken over the transmission(s) within the slot; the minimum PCMAX_L_CA over the two slots is then applied for the entire subframe. If the UE is configured with multiple TAGs and transmissions of the UE on subframe i for a given serving cell in a TAG overlap some portion of the first symbol of the transmission on subframe i +1 for a different serving cell in another TAG, the UE minimum of PCMAX_L_CA for subframes i and i + 1 applies for any overlapping portion.
The measured maximum output power PUMAX over all serving cells shall be within the following range:

Notwithstanding, the issue with possible constraints on the power back-off for the overlap period remains and should be considered. However, it is impossible to guarantee that interference will never occur (violation of limits).
As a side note, we observe that the change of PUSCH allocation in the TAG 2 group in Figure 2 implies a potential power ramping within the SRS symbol for some CA configurations, but luckily not for inter-band CA. there is no transmit quality requirement for the SRS transmission. However, this is a different problem. 
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