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1 Introduction
In this contribution we consider some additional issues for CA power control not addressed in the Reply LS to RAN 1 [1], and take a look at how the power control equations in TS 36.213 might look like for simultaneous transmissions of PUCCH and PUSCH within or across CC.
Taking the CA scenarios agreed by RAN#47 as a starting point, we mainly consider intra-band aggregation with up to two uplink CC (duplex mode no matter), but some of the deliberations on clustered DFT-SOFDM and simultaneous PUCCH and PUSCH within a CC are also valid for inter-band aggregation.
2 Joint PUSCH and PUCCH power control
2.1 Simultaneous PUSCH and PUCCH
The first item to consider from a RF requirement perspective is simultaneous PUCCH and PUSCH on the same or different component carriers. Reduction of the transmit power will be needed in some cases in order to meet regulatory requirements as described in the LS to RAN1 [2], and possibly also for meeting other RF core Rel-8 requirements (FFS). The implication is that the PUCCH and PUSCH power control cannot be independent then.
The following starting point for Rel-10 power control and power scaling is being discussed by for the core specifications:
· the PUCCH power is prioritised;
· the remaining power may be used by PUSCH (i.e. PUSCH power is scaled down first, possibly to zero); 
· scaling is per channel; 

· no reduction of power of PUSCH with UCI (uplink control information) should be considered;
but the detailed formulas for the Rel-10 version of TS 36.213 are FFS [3].
The transmission format for Rel-10 PUCCH (only transmitted on the primary carrier) is not yet agreed, but looking back at Rel-8 and anticipating a high signalling and multi-user multiplexing the PUCCH will be more sensitive to power control errors than the PUSCH that is more “GSM like” and retransmission is available for UL-SCH. 

One of the open questions is if it is enough to do power scaling on PUSCH only even if PUCCH is prioritized? When UCI is transmitted the PUSCH should also be given prioritization. Some results presented in the papers cited in [2] indicate that in order to meet emission limits a reduction of the total power may be needed in addition to the power scaling between PUCCH and PUSCH. One example is shown in Figure 1 for simultaneous PUCCH and an equal sized PUSCH within a CC with PUCCH power prioritized. We note that, for a 5 dB power scaling, a 4 dB back-off is needed (+19 dBm total power) in addition in order to meet the spectrum mask for a single CC. The required back-off of the total power will depend on the PUSCH allocation, and if UCI is signalled power scaling might not apply, P = 0 dB in our example. This will necessitate further back-off of the total signal.
[image: image10.bmp]
Figure 1: simultaneous PUCCH and PUSCH with 4 dB back-off of the total power
Applying power scaling per channel the total output power can be written as, following [3],
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where the kth PUSCH transmission can be either on the primary CC where PUCCH is transmitted or on secondary CC. The power scaling could potentially be set to 
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 if UCI is transmitted. Here we have added a factor signifying a power reduction of the power PMAX for the power class should a back-off be required (expressing the right-hand side in terms of PCMAX instead, or PUMAX if configured power not signalled, would include any power reduction). 
If power back-off on the total power is needed the PUCCH Rel-8 power control may have to be augmented, using Rel-8 notation: 
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where the function is a function the total output power PCMAX. For Rel-8 we always have (PCMAX) = PCMAX since PUCCH and PUSCH are never transmitted simultaneously. One complication is that will also depend on the power scaling used, so a cross-coupling to the PUSCH:
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with u = 1 if PUCCH is transmitted simultaneously and u = 0 otherwise. Note that the upper bound on the kth PUSCH is scaled by
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The details of the back-off functions  and power scaling require further study and the impact of the power accuracy should also be accounted for in order for the aggregate signal to meet core RF specifications.
2.2 Clustered DFT-SOFDM
Clustered DFT-SOFDM will necessitate further changes in the power control equation for PUSCH: the number of possible combinations of PUSCH clusters is larger than for simultaneous PUSCH and PUCCH assuming a realistic number of uplink CC(s). A possible form of the power control equation could be
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where m is a set of back-off functions where each function depend on the actual clustered transmission configuration. 
Devising the requisite back-off for clustered DFT-SOFDM may require significant work: significant gains of the feature should perhaps be demonstrated in order to motivate this in view of the necessity to meet regulatory emission requirements.
3 Relative and absolute power accuracy for two CC

The minimum requirement on relative power accuracy is dimensioned by the PUCCH capacity with several multiplexed users. The most challenging cases are transitions between PUCCH and PUSCH in different sub-frames. In case of carrier aggregation the problem is exacerbated by a possible simultaneous transmission on a secondary carrier (PUCCH on primary) assuming that both CC are sharing the same PA. The power difference between the CC transmissions may be large. Simultaneous transmission on PUCCH/PUSCH and PUSCH in different sub-frames may then put side conditions on the power scaling between the CC so that certain power transitions in the time domain may not be possible. 

Figure 2 shows an example of simultaneous PUCCH on primary CC and PUSCH on a secondary CC. Assuming the transmitted PSD should be kept constant across CC (co-sited) the power of the secondary carrier is significantly higher. Maintaining sufficient PUCCH capacity relies on the possibility to control PUSCH to PUCCH transitions on the primary carrier. For Rel-10 this may be in the presence of a secondary CC at high power, so a proper test case should verify the ability to control the PUSCH to PUCCH transitions in the presence of a stronger secondary PUSCH driving the same PA. Hence

· the current test case for relative power accuracy most likely require modifications.
For Rel-9 HSPA the step-power accuracy is specified without power imbalance between carriers.

[image: image8]
Figure 2: simultaneous PUSCH and PUCCH at different power levels.
Likewise, the PUCCH capacity on the primary carrier is also dependent on the ability to maintain the Rel-8 absolute power control accuracy in the presence of a secondary carrier.
Another aspect is the leakage of the secondary carrier into the primary: this is normally governed by ACLR that must also be met for the CC. The secondary CC will create additional intra-cell interference in addition to that originating from multiplexed users. However, this case could already be a problem for Rel-8 operation since an adjacent operator would produce a similar type of interference as we shall see next.
4 Power imbalance and in-band emissions
Next another aspect of power imbalance: how to specify the in-band emission requirement for carrier aggregation? There are certainly some changes that must be made like allowing for different LO and image configurations (more exceptions), but it could in fact be sufficient to test the in-band emissions per CC to take the easy route for once. 
Figure 3 shows the case of one operator using two activated uplink CC activated in the presence of an adjacent (interfering) operator on a single CC. A specification of the in-band emission could potentially cover the aggregated carriers with a possible LO component between the two carriers, the image component of a transmission on one of the CC will appear in the other CC. From a carrier leakage view point it may also be desirable to limit the emission into the adjacent CC, but one may have to rely on the present Rel-8 emission floor (up to 30 dB below the allocated PRB) in any case. The power of the interfering adjacent operator is not uncoordinated and may be significantly higher than the wanted signal levels if site-sharing is not used. Hence the problem of leakage exists already for Rel-8 operation and one must rely on the provisions of the Rel-8 specifications like ACLR for co-existence. 

[image: image9]
Figure 3: inter-operator interference scenario with CA.

Hence

· is the current in-band test sufficient also for CA in view of the inter-operator interference scenario that is already present for Rel-8? 
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