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1
Introduction
In Rel-10, a single UL timing advance (TA) group is supported for UE in carrier aggregation (UL CA).  UL transmission timing is thus synchronous across all the UL component carriers (CCs) in CA at the UE. In Rel-11, up to four TA groups are supported, which may cause non-synchronous UL transmission timing across CCs in CA.  In this paper, we discuss our views on power control aspects of multi-TA operation in Rel-11.
2
Discussion
At RAN#69, the following was agreed and an LS [7] was sent to RAN4.  

The agreement included the following: 
"The UE shall adjust the transmission power, so that the UE does not exceed the maximum transmission power Pc_max for the part of the subframes that partly overlap between different Timing Advanced Groups."
It was also agreed to consider the following until RAN1#70:

· Consider further whether a recommendation should be included as to how the UE should adjust the transmission power, e.g. “this transmission power adjustment should be applied to the PUSCH."

· Aim to specify that the power adjustment is the minimum adjustment necessary to avoid exceeding the maximum transmission power. 

· Pcmax definition – see 3023. 
In this contribution, we discuss the open discussion points listed above. 
2.1
Specification of transmission power in transient period
A possible approach discussed at RAN1 #69 was to specify a certain power setting algorithm as an ideal UE bahavior, which would then be subject to limitations and relaxations (such as transient periods) in the RAN4 specification, according to RAN4 decisions.  An example of such definition is:
“Aim to specify that the power adjustment is the minimum adjustment necessary to avoid exceeding the maximum transmission power.”

In our view, it is not beneficial to define power setting rules as ideal behavior with the understanding that it would not be tested or testable.  Such a definition, although it might appear to fit well in the specification philosophy in general, should only be applied if there is a convincing benefit of the described behavior. It is not clear if the proposed behavior would be beneficial in this case because consistency among UE implementations cannot be ensured and the eNB would likely discard the signal in the transient period anyway.  Because of this, the added RAN1 requirement would create motivation to develop a certain implementation that is not useful.       
Therefore, we believe that the currently agreed text is sufficient: 

"The UE shall adjust the transmission power, so that the UE does not exceed the maximum transmission power Pcmax for the part of the subframes that partly overlap between different Timing Advanced Groups." 
We make the following proposal: 
Proposal 1 

Not to add requirements on the detailed scaling operation within the overlap period. 
2.2
PUCCH / PUSCH prioritization

It had been proposed that the UE should prioritize PUCCH over PUSCH in the transient periods.  This would keep with the general design principle of protecting control information.  As it was discussed in [8], it is not clear that there is an actual gain with this approach.  To discuss further this point, take the example shown in Figure 1. We assume a PUCCH transmission by UE1 would be followed by no transmission for Cell 2, while Cell 1 has continuous transmission. Also assume that the UL timing for Cell 1 is ahead of that for Cell 2 fro UE1.  Also shown in Figure 1 is a hypothetical interfering UE, UE2, transmitting PUCCH to Cell 2 at the same time.  It is important to consider such an additional UE because otherwise the loss of orthogonality could not be taken as a limitation to begin with. 

[image: image10.bmp]
Figure 1  PUCCH operation under overlap cases with maximum UL timing difference

In the case shown in Figure 1, PUCCH transmission by UE1 for Cell 2 overlaps with PUSCH transmission by UE1 for Cell 1. It is assumed that on Cell 2, no transmission follows the PUCCH transmission for UE1.  This is arguably the worst case, since otherwise there would be already a transition period at the end of subframe n for UE1, making the impact of any power scaling in the same period much more limited. 
As it can be seen in Figure 1, transition periods already occur for other UEs (e.g. UE2 in Figure 2), which makes maintaining orthogonality a moot point.  Orthogonality is always a mutual property of two signals.  It is possible, of course, that in a lightly loaded case, there is no other PUCCH transmission in the same RB but then orthogonality again doesn’t matter.  
The remaining effect of an extended transient period in SNR loss, which is not significant compared to the already occurring loss for PUCCH transition periods.  
Note that even in the current RAN4 specification, when PUCCH transmission is followed by PUSCH transmission or vice versa, PUCCH is not prioritized via shifting the transient period out of the PUCCH subframe, more into the PUSCH subframe. 
Therefore we don’t see the benefit of creating a modified behavior within the transient period based on the overlapping channel types. 

Proposal 2 

Not to add requirements on scaling prioritization within the overlap period. 
2.3
Pcmax definition
It was pointed out in [9] that the current definition of 
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 (i.e. the configured UE transmit power defined in 36.101 for subframe n, for serving cell 
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)  is not sufficiently defined for the case of the overlapping period.

We note that for inter-band CA in general, the signal conditions in one CC do not impact the required MPR/A-MPR in another CC, therefore, the signal conditions in one CC do not impact the allowed maximum power in another CC beyond the impact through the limitation of the combined maximum power.  This could lead to some simplification; however, it is not yet clear if different TAGs will be applicable only to inter-band cases or both for inter-band and intra-band cases.  Because of this uncertainty, we make the following proposal: 

Proposal 3  


[image: image4.wmf])

(

CMAX,c

n

P

 in the overlap period is defined to be the same as it would be with full subframe overlap.  In other words, if subframe n on CC1 overlaps with subframe n+1 on CC2, then hypothetically assume the same signal on CC2 as in subframe n+1 occurring in subframe n on CC2 and determine  
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 that would be applicable in subframe n in this case.  Apply 
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 determined this way to the overlap period. 
2.4
Applicability of scaling to whole SC-FDM symbol or only to overlapping part

As it had been pointed out during the discussion of [10], applying the scaling to the whole SC-FDM symbol would create a new transient period at the boundary of that symbol within the subframe, away from the subframe boundary, which is not desirable.  Therefore we propose to apply the scaling only in the overlapping period. 

Another question is whether the scaling duration should vary according to the actual time offset or it can be a fixed value corresponding to the maximum possible overlap.  For the purposes of UE complexity reduction, we prefer the latter approach.   
Proposal 4  

Apply the scaling only in the overlapping period -- as opposed to the full SC-FDM symbol -- but with assuming the maximum allowable overlap. 

2.5
Other discussion points

If the transient period definition is changed by RAN4, then the following can be viewed further discussion points:

· Extend the transient period by a fixed value or by a lesser value depending on the exact overlap period
· Apply the new transient period always when different TAGs are configured or only when different TAGs are configured AND the time offset is non-zero

· Apply the new transient period independent of the power levels or only when the power limit is reached
 In our opinion, the above should be discussed and decided in RAN4. 

3
Conclusions 

In this contribution, we discussed some issues related to power control under multi-TA group for CA in Rel-11. In particular, we proposed:
· Not to add requirements on the detailed scaling operation within the overlap period. 
· Not to add requirements on scaling prioritization within the overlap period. 
· 
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 in the overlap period is defined to be the same as it would be with full subframe overlap.  In other words, if subframe n on CC1 overlaps with subframe n+1 on CC2, then hypothetically assume the same signal on CC2 as in subframe n+1 occurring in subframe n on CC2 and determine  
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 that would be applicable in subframe n in this case.  Apply 
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 determined this way to the overlap period.   
· Apply the scaling only in the overlapping period -- as opposed to the full SC-FDM symbol -- but with assuming the maximum allowable overlap. 
May consider limiting the maximum allowed UL timing offset between UL CCs to 20µs, if that reduces the RAN4 specification complexity. 
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