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1. Introduction

At the RAN WG1 #61 in Montreal, cross carrier power control with DCI format 3/3A was discussed. Two different proposals were made and an outstanding issue is whether to support cross carrier group power control with DCI format 3/3A or not. In the present paper, we discuss the possible use cases of such functionality in order to understand the need for cross carrier group power control. 

This is a re-submission of R1-105860.

2. Discussion

Based on previous discussions, group power control can be useful for SPS, SRS and periodic CQI transmissions, and, possibly, non-adaptive PUSCH re-transmission, see for example [2]
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[5]. We note that SPS and periodic CQI transmissions will use the uplink primary component carrier, and even though group power control can be beneficial, there is no need for cross carrier linkage for such group based power control. This is confirmed in [4] where it is said that cross carrier group power control is especially useful for asymmetric UL/DL carrier configuration and for SRS transmission in absence of PUSCH. Again, this is inline with [7], where it is concluded that in light of current decisions, cross-carrier power control using DCI 3/3A may only be useful for SRS or PUSCH re-transmissions. At the same time [8] argues that cross-carrier power scheduling with DCI format 3/3A is required only for PUSCH transmission. Another argument brought forward in [3], is that group power control could be useful for power control of rarely scheduled UL component carriers, for example in ICIC or HetNet scenarios. In [6] it is said that especially for the SRS transmission, after a period of inactivity in an UL CC on which SPS is not configured for a reference UE, the eNB may need to start SRS transmission in this UL CC to get some initial estimate of the UL channel quality before it starts scheduling non-SPS PUSCH transmissions to that UE. Finally, as noted in [1], the use of cross carrier group power control for PUSCH non-adaptive retransmission is not typical, since in order to save overhead as compared to using an UL grant, there needs to be several UEs in the same TPC group performing non-adaptive retransmissions. 

Based on the discussion above, the use case for cross carrier power control appears to be for uplink power control on UL secondary component carriers which are rarely used for transmission of uplink data, but to transmit sounding reference signals (SRS). We note that to maintain closed loop power control for such a carrier, transmissions are needed, and since there is very little data transmission, there would be a need to transmit SRS. It should though be remembered that the open loop power control is still present and that closed loop power control adjustments can be sent together with uplink grants for the carrier. Hence, also in the absence of cross-carrier group power control, there is power control functionality.

One question that now arises is the following.

· Why is there a need to transmit SRS on an uplink carrier when there is no uplink data transmission?

To this question, two answers were mentioned 

· To enable initial uplink power control, link adaptation and frequency domain scheduling

· To support reciprocity based downlink beamforming

When it comes to the reciprocity based beamforming, the intended scenario could be a case where the eNB has several downlink component carriers, but only use a subset of component carrier for uplink data transmission. However, there are several alternatives for beamforming in such a case, such as feedback determined from CSI-RS or long term beamforming based on measurements in another component carrier. The use of UE feedback would further enable the UE to operate with a smaller uplink bandwidth corresponding to the bandwidth used for actual data transmission, which appears beneficial from a UE power saving perspective. Hence, there are alternatives to supporting beamforming with a lower number of component carriers in the uplink as compared to the downlink. Furthermore, if the UE is anyway configured with the uplink component carrier for the purpose of sounding reference signals, it may also be used for data transmission.  

When it comes to power control, link adaptation and scheduling, we first of all note again that there is an open loop power control mechanism available and that closed loop adjustments can be sent in the uplink grants. Hence, there is power control mechanism available, and closed loop power adjustments can be sent when the carrier is actually used for data transmission. 

Contribution [9] proposes that terminals shall report power headroom for all configured component carriers. Such a reporting would provide power headroom reports even for less frequently used component carriers. Then, in the case of initial transmissions, power headroom reports can be used to set MCS and RB allocation and the scheduler can always use conservative transmission parameters and/or rely on retransmissions. 

From an efficiency point of view, it is further not obvious that there is a benefit of allocating resources for periodic SRS transmissions, and on top of this the accuracy of the measurements taking into account also interference variations needs consideration in light of the transmission period of the sounding reference signals. Finally, considering that aperiodic sounding reference signals are being defined for rel-10, aperiodic SRS transmissions can be triggered in order to refine the transmission parameters for successive transmissions. Such aperiodic SRS transmissions are then done when there is a possible need for SRS transmission, i.e. when there is data. 

3. Conclusions

Based on the discussion above and the fact that there are mechanisms for power control, it seems like possible problems associated with not supporting cross carrier group based power control with DCI format 3/3A can be solved in other ways. Further, in light of the agreement to support SPS only on the UL PCC, system design can be simplified by not having such functionality defined already in Rel-10 timeframe. Efforts should then rather be spent on ensuring an efficient aperiodic SRS design.
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