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1. Introduction

In RAN1#59bis the following was agreed concerning power setting on separate component carriers in case of uplink carrier aggregation [1]:

· There is a max power for the total UE transmit power (provided by RAN4)
· There is a CC-specific max power signalled by the network
Concerning power scaling, the agreed starting point for future discussion was [1]:

· PUCCH power is prioritized; remaining power may be used by PUSCH (i.e. PUSCH power is scaled down first, maybe to zero)
· Scaling is per channel
· Detailed formula is FFS
In this contribution we address the problem of setting the transmission power on separate CCs in case of uplink carrier aggregation. More specifically, we present different options for how the UE could decrease the transmission power for channels with the same “priority” on different CCs in case the maximum transmission power restrictions are not fulfilled.
2. Power reduction rule with carrier aggregation
Power reduction is needed in case the transmission power set by the standardized power control formula exceeds the maximum UE power capabilities. While in Rel’8 such power reduction is quite straightforward (only one “channel type per TTI” and no carrier aggregation), in Rel’10 with CC specific power control and possibly with simultaneous PUSCH-PUCCH transmission the issue becomes much more complex. Hence the necessity to define a standardized rule to define how power should be reduced on different “channel types” and component carriers. 

In this contribution we make the following assumptions (based on RAN1#59bis agreement):

· UE has one UE-specific maximum transmission power (PmaxUE) and one CC-specific maximum transmission power (Pcmax[k], where k is the CC index).

· Three “channel types” are defined, namely PUCCH, PUSCH with Uplink Control Information (UCI) and PUSCH w/o UCI. When allocating transmission power, PUCCH has higher priority than PUSCH, and so has PUSCH with UCI compared to PUSCH w/o UCI. 
· When allocating transmission power, the primary component carrier (PCC) has always higher priority than the secondary component carriers (SCC).
· PPUCCH[k], PPUSCH-UCI[k] and PPUSCH[k] are the transmission powers on CC k associated with the different “channel types”, and determined by the corresponding CC-specific power control formulas (still to be agreed in RAN1) before any maximum power limitation is applied. An example how PPUSCH[k] could be defined is given in (1) [2]:
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	  EQ (1)


When setting the transmission power on different CCs in case of uplink channel aggregation the UE needs to check that:
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If at least one of these conditions is not fulfilled, the UE must reduce the transmission power on one or several CCs and for one or several “channel types” until both conditions are fulfilled. But when implementing such power reduction, two different approaches exist. 
a. The UE first checks that (2) is fulfilled (if not, power reduction is applied on one or several CCs), and then checks that (3) is fulfilled for all the active CCs (if not, power reduction is applied on the corresponding CC). Or vice versa,
b. the UE first checks that (3) is fulfilled for all the active CCs (if not, power reduction is applied on the corresponding CC), and then checks that (2) is fulfilled (if not, power reduction is applied on one or several CCs),

Next we describe the difference in the power reduction procedure when applying the two above-mentioned approaches, and underline their respective advantages and disadvantages. Please notice this is just an example. Details of the exact standardized rule are FFS.  
Option a):
First check UE-specific max power; then check CC-specific max power
1.a UE verifies that (2) is fulfilled
2.a If not, UE reduces the tx power of PUSCH w/o UCI by the same relative offset
 on all SCCs until (2) is fulfilled or the power reduction is equal to a maximum power reduction (standardized or signalled by the eNB)
3.a If (2) is still not fulfilled, UE reduces the tx power of PUSCH with UCI by the same relative offset on all SCCs until (2) is fulfilled or the power reduction is equal to a maximum power reduction (standardized or signalled by the eNB)

4.a If (2) is still not fulfilled, UE reduces the tx power of PUSCH on the PCC until (2) is fulfilled or the power reduction is equal to a maximum power reduction (standardized or signalled by the eNB)

5.a If (2) is still not fulfilled, UE reduces the tx power of PUCCH on the PCC until (2) is fulfilled or the power reduction is equal to a maximum power reduction (standardized or signalled by the eNB)

6.a If (2) is still not fulfilled, restart from step 2.a allowing power reductions down to zero

Now (2) is fulfilled. Then for each active CC:

7.a UE verifies that (3) is fulfilled
8.a If not, UE reduces the tx power of PUSCH on the corresponding CC until (3) is fulfilled or the power reduction is equal to a maximum power reduction (standardized or signalled by the eNB)

9.a The reduced power in step 8.a is redistributed on those CCs and “channel types” whose power was reduced during steps 1.a to 6.a, and only up to the power level initially indicated by the corresponding PC formula. This power increase procedure could be standardized in a very similar way as the power decrease rule in steps 1.a to 6.a (first increase the power of PUCCH on PCC, then the power on PUSCH on PCC, etc.)
10.a If (3) is still not fulfilled, UE reduces the tx power of PUCCH on the corresponding CC (only valid for the PCC) until (3) is fulfilled or the power reduction is equal to a maximum power reduction (standardized or signalled by the eNB)

11.a The reduced power in step 10.a is redistributed on other CCs and “channel types” as described in 9.a

12.a If (3) is still not fulfilled, restart from step 7.a allowing power reductions down to zero

Option b):
First check CC-specific max power; then check UE-specific max power 
1.b UE verifies that (3) is fulfilled

2.b If not, UE reduces the tx power of PUSCH on the corresponding CC until (3) is fulfilled or the power reduction is equal to a maximum power reduction (standardized or signalled by the eNB)

3.b If (3) is still not fulfilled, UE reduces the tx power of PUCCH on the corresponding CC (only valid for the PCC) until (3) is fulfilled or the power reduction is equal to a maximum power reduction (standardized or signalled by the eNB)

4.b If (3) is still not fulfilled, restart from step 2.b allowing power reductions down to zero
Now (3) is fulfilled for each active CC. Then:

13.a UE verifies that (2) is fulfilled

14.a If not, UE reduces the tx power of PUSCH w/o UCI by same relative offset on all SCCs until (2) is fulfilled or the power reduction is equal to a maximum power reduction (standardized or signalled by the eNB)

15.a If (2) is still not fulfilled, UE reduces the tx power of PUSCH with UCI by same relative offset on all SCCs until (2) is fulfilled or the power reduction is equal to a maximum power reduction (standardized or signalled by the eNB)

16.a If (2) is still not fulfilled, UE reduces the tx power of PUSCH on the PCC until (2) is fulfilled or the power reduction is equal to a maximum power reduction (standardized or signalled by the eNB)

17.a If (2) is still not fulfilled, UE reduces the tx power of PUCCH on the PCC until (2) is fulfilled or the power reduction is equal to a maximum power reduction (standardized or signalled by the eNB)
18.a If (2) is still not fulfilled, restart from step 2.a allowing power reductions down to zero

Observation 1: RAN1 should discuss whether (when applying power reduction in case of uplink carrier aggregation) the UE should (i) first make sure that the UE-specific maximum transmission power is not exceeded, and then (ii) check if the CC-specific maximum transmission power constraint is fulfilled for all active CCs, or vice versa. In other words, it should be discussed whether the power reduction is defined relative to the “nominal” transmission power from standardized PC formula(s), or to the minimum between such “nominal” power and the CC-specific maximum transmission power.

In our view option a) is slightly more complex due to the power increase procedure described in 9.a (though it would only be necessary in case the CC-specific maximum tx power is smaller than the UE specific maximum tx power and different on different CCs). Such power increase could in principle be avoided. However, this could result in the UE reducing the tx power on one or several CCs in order to fulfill the UE-specific maximum tx power, but then ending up anyway transmitting with a total tx power lower than UE-specific maximum. On the other hand, with option b) the eNodeB has less control on the actual power reduction that the UE applies on each CC. For example, for the same “channel type” the UE might end up applying a different power reduction on different CCs even though the eNodeB is targeting the same relative power reduction on all CCs. An example illustrating the difference between these two approaches is given below (assuming same relative power reduction on different CCs): 
Pcmax[1] = Pcmax[1]  = PmaxUE = 23dBm
· P[1] = PPUSCH[1] + PPUCCH[1] = 25dBm

· P[2] = PPUSCH[2] + PPUCCH[2] = 21dBm
· P[1] + P[2] = 26.45 dBm > PmaxUE
· min(P[1],Pcmax[1]) + min(P[2],Pcmax[2]) = 25.12 dBm > PmaxUE 
Option a) will results in a power reduction of 3.45dB relative to P[1] and P[2] – UE transmits with 21.55  dBm on CC1 and 17.55 dBm on CC2).
Option b) will results in a power reduction of 2.12 dB relative to min (P[1],Pcmax[1]) and min (P[2],Pcmax[2]) – UE transmits with 20.88 dBm on CC1 and 18.88 dBm on CC2, (effective power reduction on CC1 is larger than on CC2)
Based on these considerations, we think it is more important to guarantee the same relative power reduction on different CCs for the same “channel type”, and therefore propose to agree on option a). Same relative power reduction for PUSCH on all CCs is important for example in order not to uncontrollably increase the block error rate on one CC.
Proposal 1: We propose that RAN1 agrees that the UE (i) first makes sure that the UE-specific maximum transmission power is not exceeded, and then (ii) checks that the CC-specific maximum transmission power constraint is fulfilled for all active CCs. While reducing the power in (ii), it should be possible to redistribute the reduced power (or at least part of it) on other CCs whose power was previously reduced in (i). This basically corresponds to define the power reduction relative to the “nominal” power from standardized PC formula(s). Details about the exact power reduction rule are FFS.
3. Conclusion
In this contribution we have discussed power reduction rule for redistributing the transmission power on different component carriers in case of uplink carrier aggregation in LTE-Advanced. Based on the RAN1#59bis agreement that both UE-specific and CC-specific maximum transmission powers are introduced to support uplink carrier aggregation in LTE-Advanced, we make the following observation and proposal:
Observation 1: RAN1 should discuss whether (when applying power reduction in case of uplink carrier aggregation) the UE should (i) first make sure that the UE-specific maximum transmission power is not exceeded, and then (ii) check if the CC-specific maximum transmission power constraint is fulfilled for all active CCs, or vice versa. In other words, it should be discussed whether the power reduction is defined relative to the “nominal” transmission power from standardized PC formula(s), or to the minimum between such “nominal” power and the CC-specific maximum transmission power.
Proposal 1: We propose that RAN1 agrees that the UE (i) first makes sure that the UE-specific maximum transmission power is not exceeded, and then (ii) checks that the CC-specific maximum transmission power constraint is fulfilled for all active CCs. While reducing the power in (ii), it should be possible to redistribute the reduced power (or at least part of it) on other CCs whose power was previously reduced in (i). This basically corresponds to define the power reduction relative to the “nominal” power from standardized PC formula(s). Details about the exact power reduction rule are FFS.
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� Our preference is same relative offset on different SCCs for the same “channel type”, however different options could be considered (e.g. lower power reduction on CCs with first transmissions than on CCs with retransmissions, lower power reduction on CCs with higher transport block size, etc.).


� Power reduction down to zero could also be allowed in the first step..
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