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1 Introduction

In RAN1 #70 the following LS to RAN4 in [1] has been approved:

RAN 1 discussed the UE behaviour for the partial overlap period between PUSCH/PUCCH and PUSCH and between PRACH and PUSCH/PUCCH. The current definition of 
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 does not cover the case of the partial overlap period, which means UE is not aware when the power is limited in such case. The following proposals have been made in RAN1 on the value to be used for 
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for the partial overlap period between PUSCH/PUCCH and PUSCH and between PRACH and PUSCH/PUCCH:

· To use one of the values of 
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 for the subframes adjacent to the overlap period, as shown in Figure 1

· To use the same value of 
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 as it would be with full subframe overlap
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Figure 1 Value of 
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for partial overlap period 

RAN1 would like to ask for RAN4’s advice on such proposals and recommendation for the values to be used for 
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for the partial overlap period between PUSCH/PUCCH and PUSCH and between PRACH and PUSCH/PUCCH.

To RAN WG4:  RAN1 respectfully asks RAN4 to recommend the values to be used for 
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for the partial overlap period between PUSCH/PUCCH and PUSCH and between PRACH and PUSCH/PUCCH.
In this contribution we are analysing the RAN1 proposals and make some recommendations for the RAN4 response LS.
2 Analysis of previous statements
RAN4 has previously stated [2]:

 “RAN WG 4 notes that the UE transmission power may not exceed Pcmax. This applies also for transient periods. Although no explicit time mask is applied for the transient periods, it is worthwhile to note that UE should comply with regulatory requirements as well as other requirements set in [1] such as Output RF spectrum emissions (section 6.6) or Transmit intermodulation (section 6.7). It should also be noted that the period of measurement of UE maximum output power is defined as at least one sub frame (1ms).”
and, also [2]: 

“RAN4 is in opinion that the partial overlap period is too short to apply MPR/A-MPR schemes it is not desirable for the UE to change transmission power within that short time.”
We interpret these statements to mean that the average UE transmission power measured over at least one subframe (1ms) must not exceed the maximum output power requirement, i.e., PCMAX, and that output RF spectrum emissions measured over at least one subframe (1ms) must not exceed requirements.
We also note that, in our opinion, the reason it is recommended that the UE not change power during the overlap is because fine power control in so short a period of time as the overlap time is unrealistic in practice.  When changing the power, transients may occur and the time needed for the transients may exceed the time of the overlap.  This is supported by the fact that for SRS, for which power may need to be changed for one symbol period, the transient regions are positioned to the left and right of the SRS symbol to ensure the power is consistent for the SRS symbol.
Observation  1:  Changing power during the overlap region in a finely controlled manner is unrealistic in practice.
3 Applicable Scenario

RAN4 has determined that the maximum overlap that could occur between 2 CCs in different TAGs is 30us.  This arose from the allowed transmitter difference of 30us for inter-band CA.
For intra-band CA, such difference is limited to 130ns.  It is therefore recommended that the only relevant scenario to discuss in inter-band CA.

4 On PCMAX,c
For UL inter-band, MPR and P-MPR are independent per band and the PCMAX,c equations allow for different A-MPR per CC.  If it is concluded that A-MPR is independent per band, then PCMAX,c is independent per band and would be the same for a CC in the overlap and outside of the overlap.  It is, however, not yet decided how to account for possible IM effects for inter-band and such effects may be accounted for in A-MPR values with inter-band inter-dependences.  Recalculating PCMAX,c for the overlap region would only have value if IM is included in A-MPR and is different inside and outside the overlap.  Since RAN4 has not yet decided on a possible A-MPR for inter-band for the band combinations with harmonics relationships and already decided adjusting the power for the overlap is not desirable, recalculating PCMAX,c does not seem desirable as long as the UE does not violate its emissions requirements which are measured over 1ms. For each CC, PCMAX,c (k) should be determined in the usual way for subframe k (i.e., as if the overlap did not exist) and should apply for all of subframe k, which includes the overlap region.
Recommendation 1:  It is not desirable for the UE to recalculate PCMAX,c for the overlap. For each CC, PCMAX,c (k) should be determined in the usual way for subframe k (i.e., as if the overlap did not exist) and should apply for all of subframe k, which includes the overlap region.

5 On PCMAX
Per RAN4 previous response, above, the UE should not exceed PCMAX in the overlap.  Here we discuss what PCMAX should be for the overlap period.

PCMAX is defined as a range between PCMAX_L and PCMAX_H.  
For the inter-band case, PCMAX_H_CA =  MIN{10 log10 ∑ pEMAX,c , PPowerClass}.  It seems reasonable that this is the value to use for the overlap where the CCs are those in the overlap.  We could also use PPowerClass as well since each of the CCs would already have been capped by their respective PEMAX,c values.

The overlap region will be a region of power transition.  If the UE is at maximum power on both sides of the overlap, the power in the overlap will swing from PCMAX(i) to a maximum of PCMAX_H(Overlap) and then to PCMAX(i+1).  The biggest swing possible would be from PCMAX_L(i) to a maximum of PCMAX_H(Overlap) and then to PCMAX_L(i+1). 

It therefore seems reasonable to set PCMAX_L for the overlap to the lower of PCMAX_L(i) and PCMAX_L(i+1), to give the UE flexibility to adjust and transition the power in the overlap even in the presence of IM.  This is in line with RAN1’s proposal that PCMAX for the overlap be either PCMAX(i) or PCMAX(i+1).  

In summary, we suggest that PCMAX_L for the overlap is the lower of PCMAX_L(i) and PCMAX_L(i+1) and PCMAX_H is MIN{10 log10 ∑ pEMAX,c , PPowerClass}, or simply PPowerClass.
Recommendation 2:  For the overlap, we recommend PCMAX_H=MIN{10 log10 ∑ pEMAX,c , PPowerClass}, or simply PPowerClass, and we recommend PCMAX_L= MIN{PCMAX_L(i) and PCMAX_L(i+1)}

6  On the region of overlap

The figure below from 36.101 shows the subframe boundary time mask for transmit power measurements.  It allows for a transient period of 40us at each subframe boundary which includes 20us at the end of one subframe and 20us at the start of the next subframe.  During the transient region, power may be changing from the power of the previous subframe to the power of the current subframe or from the power of the current subframe to the power of the next subframe. 
(Note: Slot boundary is not relevant to this discussion and is ignored).
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When considering the transmission of CCs in different TAGs, the timing of the UL subframe boundaries with respect to each other nominally determines the overlap of subframe i of one CC with a subframe i+1 of another CC. 
Since transient regions are allowed for each CC and the power of a CC may change during the transient regions, there may be the possibility of exceeding a power limit in the transient regions as well as the nominal overlap region.

It is proposed to consider including the transient regions which are before the start and after the end of each subframe in the definition of the overlap region.    An example is shown below with transient regions before the beginning and after the end of each subframe.  The maximum overlap size would become: 20us transient before the start of the more timing advanced CC + 30us nominal overlap + 20us transient after the less timing advance CC = 70us.
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Recommendation 3:  The region during which the power may be adjusted because of the overlap is the actual overlap  defined by subframe boundaries plus the adjacent 20 usec transient periods
7 Conclusion
Recommendation 1:  It is not desirable for the UE to recalculate PCMAX,c for the overlap. For each CC, PCMAX,c (k) should be determined in the usual way for subframe k (i.e., as if the overlap did not exist) and should apply for all of subframe k, which includes the overlap region.

Recommendation 2:  For the overlap, we recommend PCMAX_H=MIN{10 log10 ∑ pEMAX,c , PPowerClass}, or simply PPowerClass, and we recommend PCMAX_L= MIN{PCMAX_L(i) and PCMAX_L(i+1)}
Recommendation 3:  The overlap period during which the power may be adjusted is the actual overlap period defined by subframe boundaries plus the adjacent 20 usec transient periods
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