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1. Introduction
In RAN1 #48bis, the following was agreed:

· A-periodic UL power control adjustments (working assumption)

· For scheduled data

· PC adjustments are included in UL scheduling grants

· As consequence of the UL grant coming with the power adjustment, the UE can transmit immediately

· For non-scheduled data and PUCCH (e.g VoIP)

· FFS whether/how to send updates
In our view, it is clear that the choice for power control of PUCCH and unscheduled PUSCH is between periodic (up/down) and a-periodic (message based) schemes, much like it was for the case for scheduled PUSCH transmissions. Which method is selected should depend on the overhead and performance analysis. 

In order to make a fair comparison between a-periodic and periodic power control schemes (as it was attempted in [1]) and select best power control method, it is necessary that RAN 1 has a clear understanding how each of these two schemes works. In this contribution we first explain how in our view periodic power control scheme works. Then, in order to get better understanding of the a-periodic method we discuss various options for that scheme. 
2. Periodic power control
Periodic power control is a closed loop power control method, where the eNode B periodically transmits power control corrections to UEs in LTE_ACTIVE state.
2.1. Periodic UL transmissions – PUCCH and SRS
Periodic power control relies on periodic transmissions of an uplink reference signal, such as the sounding reference signal (SRS) or the channel quality indicator (CQI) part of PUCCH for channel measurements. In our opinion, periodic power control is a natural choice due to the periodic nature of these two channels. Moreover, periodic power control provides tight control of PUCCH received power, regardless whether CQI and UL ACK/NAK are multiplexed or not. The control is in terms of excess power transmitted by UEs as well as power shortage in the reception of PUCCH for a given performance target. 
2.2. Closed loop corrections 
UE implements an open loop power control formula and applies closed loop corrections in addition to the open loop value. Closed loop corrections are sent from the eNode B and are accumulated at the UE. Periodic corrections adjust UE transmit power based on its last transmission and all signaling erasures or errors are quickly corrected with the periodic signaling.
2.3. Non-scheduled PUSCH
Periodic power control is well suited for non-scheduled PUSCH.  eNode B can implicitly power control PUSCH power by controlling PUCCH or SRS power. eNode B can adjust PUSCH Δpsd (with Layer 3 signaling) so that a desired QoS on PUSCH is achieved. This is particularly important if CQI and even to a larger extent UL ACK/NAK is multiplexed with PUSCH.

2.4. Scheduled PUSCH

It has been agreed that scheduled PUSCH will have power control corrections as part of UL grants. As indicated in [2], periodic power control works well even with a-periodic power control corrections. Reference level could be maintained on the uplink reference signal while Δpsd offset (power control correction) is signaled in the UL grants. 
Tight control of uplink reference signal minimizes required overhead for Δpsd signaling. Moreover, some default Δpsd offset values could be inferred from the selected MCS, physical channel and desired QoS.

3. A-periodic power control
A-periodic power control is a closed loop power control method, where the eNode B a-periodically transmits power control corrections to UEs in LTE_ACTIVE state. 
3.1. Periodic UL transmissions – PUCCH and SRS

In order to save on overhead it is suggested that DL grants contain reserved “few bits” for the closed loop power control corrections. While this method could be used to power control UL ACK/NAK, power control method for UL CQI is unclear. 

Question: Are closed loop corrections envisioned for the CQI portion of PUCCH? If yes, what is the signalling channel, PDCCH or PDSCH?
Question: What is the signalling method for closed loop corrections in case of persistent PDSCH assignment?
3.2. Closed loop corrections 

Each UE implements an open loop power control formula. UE applies closed loop corrections in addition to the open loop value. It is not clear whether closed loop corrections are accumulated or non-accumulated. 

Question: Are closed loop corrections accumulated, valid for a single TTI only or held at a fixed value until a subsequent correction?

3.3. Non-scheduled PUSCH
In case of persistent assignment, UL grants may not be available to convey closed loop power correction. It is not clear which mechanism is used in this case.

Question: Are closed loop power control corrections conveyed with Layer 3 signaling or Layer 2 signaling where entire UL grant is utilized to convey closed loop correction only?
3.4. Scheduled PUSCH

It has been agreed that scheduled PUSCH will have power control corrections as part of UL grants. It is not cleat what the meaning of closed loop correction is. 

Question: Are closed loop correction signaling absolute Δpsd values, or relative difference from the configured values inferred from the selected MCS, physical channel and desired QoS ?

4. Conclusion
We have outlined our views on exactly how periodic PC should work, but do not see a coherent design for a-periodic PC.
We kindly ask RAN 1 to discuss the above points to make sure that we have common understanding within RAN1 on the operation of such a critical component of a frequency reuse 1 system. 
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