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1   Introduction
RAN4 received an incoming LS [1] from RAN1. In this LS, RAN4 was asked to clarify a number of questions regarding the UE behaviour requirements and limitation in the partial overlapping  period between different subframes. In this contribution, the problematic scenarios were analyzed, those questions were discussed and some possible options were given.
2 Discussion
The questions in [1] are generally quite RAN4 specific and some of them were found quite complicated to answer. So we try to firstly doing an analysis of RAN1’s background, then study those questions and target the central question RAN4 has to solve. At last, try to provide some answers.
2.1 Background
According to [1], it was pointed out that during simultaneous transmissions of PUSCH+PUCCH/PUSCH, PRACH on Scell+PUCCH/PUSCH in different Timing Advance Groups (TAGs), partial overlapping may occur between subframes in different Cells. The current RAN1’s uplink power control scheme may become problematic in this scenario.

To be specific, according to 36.213, in the case of simultaneous transmission, current RAN1’s uplink power control and prioritization scheme will only ensure the sum of the configured power from corresponding subframes would not exceed Pcmax. If the uplink transmissions have no timing difference, then the UE’s configured power will always not exceed Pcmax which is a limitation provided by RAN4.

However, with the introduction of timing differences between simultaneous transmissions, subframe n+1 for one cell may have an overlapping period with subframe n in another cell, and currently there is no control mechanism to ensure the sum of the configured transmitted power during this period would satisfy a certain limit. There is a risk that Pcmax might be exceeded. 
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(a) case with timing difference larger than 20us
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(b) case with timing difference smaller than 20us

(Note: transient period in the figures are just for illustration purpose)

Figure 1 
To sum up, the problem for RAN1 is with the introduction of new scenarios in R11, the configured power requirement, Pcmax, originated from RAN4 may be violated in certain time period under current RAN1 scheme.
2.2 Questions
In RAN1’s LS, a number of questions were raised:

…..
	Agreed assumptions for the purpose of deciding what behaviour will be specified in RAN1:

1. In case of partial symbol overlap arising from different Tas in different TAGs, RAN1 assumes a max overlap of approx. 30us (any tolerances are up to RAN4) for inter-band TAGs

2. UE cannot exceed Pcmax even for one symbol. 

3. It is a requirement that the PRACH preamble power is constant for the duration of the preamble

Question: Do assumptions 2 and 3 apply in the 40us transient period or not?


……
Question 1: Should the assumption 2 and 3 be applied in transient period? 

Question 2: How would the transient period be defined when there are multiple TAGs? If the UE transmission power during the partial overlap exceeds Pcmax, would the transmit power of Cell1 in duration (A) or Cell2 in duration (B) in the figure be affected?

Question 3: If separate MPR/A-MPR needs to be used during the partial overlap period, what MPR/A-MPR value should be used? 
……
The reason why RAN1 particularly interested in the UE requirements in transient period, may because the overlapping period is mostly located in the transient period. Since RAN4 currently do not have any clear requirements and tests regarding transient period, there is an ambiguity for RAN1 whether they need to apply the Pcmax restraint in this period or not. 

It should also be noted that there is also possible simultaneous transmissions outside the transient period, for example: In the last part of Cell 2 as in figure (a) it shows “no transmission” and the transient period is marked as outside the previous subframe, this fits well with the general ON/OFF mask defined in 36.101. In the last 10 us transmission of the last subframe in Cell2, the corresponding simultaneous transmission in Cell 1 is also not in the range of transient period.  So the clarification of requirements in transient period is still not enough.
In order to focus the discussion and avoid running into details before certain guidelines being set,  it may be better to re-summarize those questions within RAN4. The most basic question may be:

With the current definition of Pcmax for CA, could we allow UE configure its transmission power exceed it in the short overlapping period in physical layer Spec?
Some guidelines are needed regarding this question, before detailed discussing regarding transient period and MPR/A-MPR.

2.3 Analysis and Options
In 36.101, current Pcmax definitions for CA are as following:
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}
……
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}
……
This Pcmax is used for RAN1 as an upper limit for UE output power configuration, and is the basis for measured maximum output power Pumax. Under the assumption of Pcmax definition is unchanged, we have two options for the internal question in section 2.2:
Option 1: Not Allow the configured power exceed Pcmax in physical layer spec in any case.

Pros:
a)  The most consistent way for RAN1 and RAN4 spec.
The maximum configurable power in physical layer not exceeding Pcmax, is consistent with RAN4’s understanding of Pcmax.

b)  No ambiguity due to unspecified behaviours.


c)  Will not cause any regulatory problems or violation of current RF requirements 

Cons:
 a) UE power control behaviour would be more complicated

Extra power scaling and prioritization between subframe n+1 and subframe n in differenct cells would have been considered by RAN1. This might be quite complicated considering that there are already power limitations between subframe n in different cells.

b) Extra Performance Loss may be introduced;
As an example, in order to avoid exceeding Pcmax, one solution might be simply not using the overlapping symbol, however the performance loss resulted from lower resource utilization might be even larger than a few microseconds of distorted signal might introduced in the overlapping period.
c)  Difficult to Verify.
If we have specific requirements for overlapping period, testing would be a problem.

Since the possible overlapping period is rather small (i.e. 10~30us), accurate measurement of power just in this period may rather difficult. If we still do average in a long period such as 1ms, then it is obvious that the behaviour of that overlapping period can barely be tested.


d) May need to face the difficulty of specifying UE requirements in Transient period.

Currently no requirements were defined for transient period and no tests are set. If not exceeding Pcmax is required for UE’s power configuration, RAN4 may be requested to specify detailed requirements for transient period. 
Option 2: Allow the configured power exceed Pcmax in physical layer spec in those overlapping period.

Pros:
a)  UE power control behaviour defined in spec is simple.
RAN1 do not have to be set up new power scaling schemes and current method for Rel-10 would be enough for PUSCH + PUCCH/PUSCH simultaneous transmission. Newly introduce PRACH+PUCCH/PUSCH would also simple.
RAN4’s spec may be impacted. However, the impact could be minor and may be some clarifications are enough.

b)  The performance loss may be negelectable.

Considering the real deployment scenarios, the possibility that the partial overlapping period reach 30us, while reach the maximum power in the two uplink cells, is in fact quite small even if do exists. 

c)  Do not have to specify UE requirements in Transient period .

If RAN4 could accept possible over configuration of UE’s power in overlapping period, then RAN1 will not have so many concerns regarding transient periods. 
Cons:
a) Not consistent for RAN1 and RAN4 spec. 

Allow physical layer spec to configure a power higher than Pcmax is obviously not so consistent with RAN4’s general assumptions.  The definitions relating to Pcmax might be challenged.

b) Some behaviour left unspecified.

If physical layer accept the possibility to configure the UE’s output power to exceed Pcmax even for short periods, it would be possible for UE to have different behaviours and understanding.
For example, UE may do some unspecified power reduction to ensure Ppowerclass not to be exceeded, or really configure its transmission power higher than Ppowerclass in extreme cases for some implementation.  This may have potential negative impact on system performance.
c) May cause regulatory problems or violation of other RF requirements
Under the possibility that UE may configure its power higher than Ppowerclass, other negative impact may exist, though it is extremely doubtful that whether any negative impacts could be testable or not.

2.4 Possible replies
With above analysis, we can come back to RAN1’s Questions and try to compose some possible response. If we decide to use option2, then the answer is fairly simple, however, the answer based on option1 may be more difficult and need further consideration. 

Question 1: Should the assumption 2 and 3 be applied in transient period? 
Option 1: Yes. 

Option 2: RAN4 will not set requirements in any transient period.
Question 2: How would the transient period be defined when there are multiple TAGs? If the UE transmission power during the partial overlap exceeds Pcmax, would the transmit power of Cell1 in duration (A) or Cell2 in duration (B) in the figure be affected?
Option 1: It was already agreed in Rel-10 ON/OFF mask discussion if one carrier is in the duration of a transient period, no requirement of both uplink carriers would be set as in the text proposal [4], this principal could be reused in multiple TAG situation. 
The configured UE power should not exceed Pcmax in any case. However, in duration (A) and (B), since one cell is in transient period, no requirements would be set for any carriers regardless of the transmitted power.
Option 2: It was already agreed in Rel-10 ON/OFF mask discussion if one carrier is in the duration of a transient period, no requirement for both uplink carriers would be set as in the text proposal [4], this principal could be reused in multiple TAG situation. 

In duration (A) and (B), since one cell is in transient period, no requirements would be set for any carriers regardless of the transmitted power.RAN4 will also not set requirements for the partial overlapping period between different subframes of different carriers, even if none of the carriers are in the duration of a transient period.
Question 3: If separate MPR/A-MPR needs to be used during the partial overlap period, what MPR/A-MPR value should be used? 
Option 1: Need further discussion.
Option 2: This is FFS and should have no impact on RAN1’s problem, since there will be no requirement in this period.

3   Conclusion
In this contribution, the RAN1’s LS [1] is discussed and possible problems and options were analyzed.
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