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1. Introduction
This contribution considers transmit power control (TPC) for DL channels. As mentioned in several previous contributions, very limited application of DL TPC is needed and it is mostly an implementation issue without impacting the EUTRA specifications. The L1/L2 control channel is considered in more detail as the implications of TPC on other DL channels are straightforward.
2. DL TPC
The following summarize our views for the TPC application on the DL EUTRA channels:
a) Common Channels: For the BCH, the SCH, and the paging channel, the allocated power by each Node B needs to simply ensure desired coverage based on the geometry distribution and the corresponding target BLER. For the reference signal (RS), power stealing from the L1/L2 control and shared data channels may also apply in order to improve channel estimation and BLER performance for cell edge UEs. However, as the RS power needs to remain constant since the RS is used for noise variance and CQI estimation purposes, the RS power boost relative to the control and data needs to remain constant (over long time periods). This also facilitates the Node B scheduler operation in assigning the appropriate MCS to the L1/L2 control and data channels.  
b) Shared Data Channel: Adaptive modulation and coding (AMC) should obviously be used instead of TPC as it allows for higher data rates and better spectral efficiency (mainly for the same reason, multiple MCS are also applicable for the L1/L2 control channel transmission). TPC for the shared data channel is however applicable for interference co-ordination through fractional frequency re-use (IC-FFR) or fractional time re-use (IC-FTR), where the transmit power in some RBs is reduced (including setting it to zero) during all sub-frames (IC-FFR) or during some sub-frames for synchronous systems (IC-FTR) over a transmission period of at least tens of seconds. Nevertheless, the transmit power restrictions with IC-FFR/FTR are a scheduler issue and need not be specified.
c) Shared Control Channel: To maximize the spectral efficiency of the L1/L2 control channel and reduce its average overhead, multiple MCS are needed. In particular, as shown in [1], 3-4 MCS are necessary if the constraint of having the L1/L2 control channel confined within the first 3 OFDM symbols is to be met when the additional overhead (RS, BCH/SCH, RACH response, ACK/NAK) that exists in these symbols is also considered. However, even with multiple MCS application, TPC is also necessary especially for MCS employing QPSK modulation in order to reduce as much as possible the use of repetition coding, decrease the L1/L2 control channel size and overhead during certain sub-frames, and ensure that the constraint for the L1/L2 control channel occupancy is met without or with minimal scheduler constraints. 
TPC for L1/L2 control channel size reduction: With TPC, some power can be stolen from L1/L2 codewords employing QPSK modulation without repetition, which nevertheless still meet the target BLER with the reduced power, and can be allocated to L1/L2 codewords that would otherwise require repetitions. For example, if a UE experiences 5 dB wideband SINR and can have its L1/L2 codeword transmitted with QPSK r=1/2, it is preferable to steal 4 dB and use QPSK r=1/3 while allocating these 4 dB to a UE experiencing -3 dB wideband SINR so that its effective SINR is increased to 1 dB and QPSK r=1/3 is again used instead of using QPSK r=1/3 with 2 repetitions. Such transmission power tradeoffs may not always be possible and an MCS that includes repetitions will be generally required (enough simultaneously scheduled UEs in poor SINR conditions, coverage issues). The above provides only an exemplary case for the use of TPC to reduce the L1/L2 control channel size. In reality, such TPC trade-offs will involve many DL and UL scheduled UEs and more flexibility and granularity will generally exist. 
Limiting TPC range and randomizing interference: It should also be emphasized that large variations in the L1/L2 transmission power are not desirable since they will result in substantial unpredictable interference variations making link adaptation through AMC or TPC for either control (synchronous systems) or data (asynchronous systems) largely inapplicable. Moreover, it should be ensured through some interference randomization on each L1/L2 control channel codeword that UEs in different cells do not see the same TPC on most sub-carriers of the L1/L2 control codeword as in this case TPC would be largely meaningless. This issue has also been previously identified particularly for cell edge UEs for which the L1/L2 control channel sub-carriers may overlap and the corresponding Node B applies similar TPC. 

Applying CQI-based TPC: It is generally assumed that the L1/L2 control channel transmission will substantially exploit the entire frequency diversity provided in the operating system BW. Combined with transmitter and receiver antenna diversity, this would allow CQI-based TPC from UEs that do not report the wideband DL CQI to the Node B but rather they only have UL data transmission and thus only the UL CQI is available (through the transmission of the UL sounding RS). Diversity in this case is needed to mitigate possible degradation from having different short-term fading characteristics in the DL and UL channels. Regardless of the DL or UL data reception, the DL transmission of the RACH response can only rely on UL wideband CQI obtained from the transmission of the non-synchronized random access channel. Maximizing the diversity of the L1/L2 control channel transmission will also reduce the dependence of the selected MCS and TPC on very accurate CQI knowledge so that AMC and TPC could be reasonably well applied even for UEs that do not have frequent (e.g. every 2 msec) DL CQI reporting in the UL or frequent transmission of the UL sounding RS (which may also occupy a smaller BW than the L1/L2 control channel transmission BW). Moreover, TPC may also act to provide SINR margin for the L1/L2 control channel transmission to UEs for which an adequately accurate SINR estimate is not available at the serving Node B.

Similarly to the shared data channel, IC-FFR or IC-FTR may also apply to the transmission of the shared control channel. With IC-FFR, the transmission power restrictions are the same as when IC-FFR is applied to the shared data channel. However, the reserved RBs should substantially span the entire operating BW to provide frequency diversity. With IC-FTR (synchronous systems), the power restrictions are transferred to the time domain and all RBs can be employed as usual. Again, scheduler restrictions are only involved and no explicit specifications are necessary.
In all the above cases, and in agreement with the decision regarding the L1/L2 control channel transmission, TPC is useful but it is an implementation issue and consequently corresponding specifications are not appropriate.
3. Conclusions
This contribution reviewed aspects for TPC application to DL EUTRA channels. For any channel, specification of a particular TPC method is not needed and TPC should be exclusively an implementation aspect. 

For the common channels, TPC is not needed apart of some semi-static power allocation to achieve a desired coverage for a target BLER. For the RS, power boosting may be used but it should be constant over long time periods as several receiver operations rely on a constant RS power. For the shared data channel, TPC need only apply in conjunction with IC-FFR/FTR.
The more involved TPC application relates to the shared control channel. TPC can be used with mutual power adjustments among L1/L2 control codewords so that repetition coding is avoided as much as possible to minimize the L1/L2 control channel size. The TPC range should be limited so that it does not cause significant interference variations between sub-frames. Also, as wideband DL CQI may not be always available or reliable at the serving Node B, TPC can be used to provide some SINR margin for each L1/L2 control codeword with the selected MCS, taking into account the propagation channel characteristics and the degree of antenna diversity. Finally, both IC-FFR and IC-FTR can be used for L1/L2 control channel transmission with IC-FFR involving transmit power restrictions in specific RBs.    
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