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1. Introduction

Summary of company views on open UL/DL PC issues is presented below. Also details of the UL PC mechanism in case that UL PC formula is implemented in eNB, were discussed. 
2. Discussion summary
	
	PC for uplink data
	PC for PUCCH 
	PC for non-scheduled UL transmissions
	PC for sounding RS
	Power headroom
	Overload indicator
	DL-SCH power control 

	Ericsson
	PSD = P0 - alpha*PSD_RxDL + deltaUE  

P0 (Rx psd) and alpha cell specific (sent on BCH) and deltaUE UE specific (sent in L1/L2 CCH). Transport format dependent term can also be considered

	Different setpoint than PUSCH (different value of P0 and alpha). CL updates of PUCCH studied, if needed then control bit sent on DL L1/L2 CCH
	Depends on decisions in RAN2. PC commands can be sent with MCS commands and with scheduling grants if such are used.
	Traffic channel PSD. CL corrections excluded or included.

	Output of PSD formula should be known by eNB. Reporting FFS.
	Periodic or event triggered. Frequency dependent OI can be used.
	

	Fujitsu


	
	
	
	
	
	Signaling indicating overload or not. Time stamp may be needed.
	

	Interdigital
	PSD_tx  = f( PSD_open, alpha,  delta_closed ) + delta_MCS  (dBm). 

Cell specific (sent on BCH): open loop related parameters. UE specific: delta_closed, 2-3 bits sent in UL grants (not necessarily in every grant) and maybe in DL scheduling channel. 
	Different parameters and faster updates than PUSCH.
	If there are no scheduling grants then open loop PC only with possible power offset.
	No specific PC commands for SRS. SRS may have offset relative to the data TxPSD. Offset may be UE specific.
	Reporting can be similar as in R6
	
	

	LGE
	FPC-type : e.g. Gamma_0 + alpha*Pathloss(or Rx powel level) + beta  UE may select alpha from multiple values.
Cell specific: Gamma_0 and alpha set (sent in D-BCH or RRC signalling). UE specific: Power control command in grant message.
	Full path loss compensation. Commands sent in downlink scheduling message. 
	Similar to PUCCH (full path loss compensation). Several alternatives, how to send closed loop corrections.
	Not any special command for only SRS except for measurement/PA error correction command. SRS PSD is decided by an offset to PUSCH PSD: The offset value could be adapted based on target SNR level of PUSCH

	Power headroom report is necessary for link adaptation.
	Periodic or Event-driven, e.g. when IoT level is out of pre-defined range, But this is not specification issue.
	Possibly necessary for persistently scheduled (VoIP) Data/pilot EPRE ratio signaling is essential if data RE puncturing is informed of by that ratio. Otherwise not.

	Motorola
	Fractional power control formula. All parameters should be cell specific. (Inputs are UE specific.) If the formula is implemented and adjusted in the eNB, no signaling is needed. Otherwise, they could be sent in the BCH.
	Some corrections/adjustments, such as measurements and PA error correction (type-A), are common for all uplink channels. Type A updates could be sent in uplink grant (and downlink scheduling) channel and apply to all uplink channels.  Adjustments due to other reasons , will not apply to PUCCH. Different operating point/mode for PUCCH. The transmission power of PUCCH should be based on the coding rate and modulation of PUCCH.
	Same as PUCCH
	Different operating point/mode for SRS. For example, fixed or bandwidth/ decimation dependent received power/SNR target. Updates sent similarly as PUCCH
	If the power control formula is implemented in eNB power, headroom reporting is not needed. If it is implemented in UE, then headroom reporting is needed.
	It could be event-driven and no faster than every 20 ms. The events include high/un-acceptable IoT, uplink performance  satisfactory/unsatisfactory , etc. 
High/un-acceptable IoT (1 or 2 bits) and uplink performance  satisfactory/unsatisfactory (1 or 2 bits) is signaled
	PC between users should be allowed. It is not needed to signal data/ pilot power ratio to UEs.

	Nokia Siemens Networks, Nokia
	Fractional power control is used. Closed loop corrections are UE specific and other parameters are cell specific. BCH is used for cell specific parameters and UL grants for closed loop corrections
	Full path loss compensation is used. Closed loop updates may be sent together with DL assignments
	Fractional PC is used. To do closed loop updates the persistent grants can be overwritten sometimes with UL scheduling grants that include the PC signalling.
	Full path loss compensation is used.
	
	Event based.
	

	Nortel
	OL + CL PC, adjusted based on OI (Fractional power control). Tx_PSD = Target_SINR + Pathloss + Interference. 2 formulas for Target_SINR: one for cell edge and one for centre cell. Cell specific parameters used and broadcasted to UEs.
	Different alpha giving different Target_SINR

	Closed-loop PC is updated based on the channel conditions. E.g.if the number of retransmission is close to maximum retransmission number, the power should be increased.
	Classical OL PC. 

	
	OI could be exchanged over X2 with periodical or event-triggered manner. Received IoT level, for example using 2 bits to indicate high, normal, and low levels. 
	No intra-cell power control but it should include the FFR. 

	Qualcomm
	transmit_psd = -received_psd+interference_correction+offset_psd+added_correction
“Offset_psd” is cell specific and it is signaled by eNode B. “added_correction” is UE specific and it is signaled by eNode B. L2 signaled for PUSCH and L3 signaled for PUCCH. “interference_correction” is UE specific as accounts for interference from other cells on DL and it computed by each UE as interference_correction  =10log10(1+(No+Ioc)/Ior) ) where (No+Ioc)/Ior  is the inverse of the signal to other cell interference plus noise ratio for the time-frequency slots corresponding to the downlink reference signal
	Periodic up/down updates. Power control updates are not embedded in UL grants; separate PHY control channel is required.
	Periodic 1-bit up/down updates. Power control updates are not embedded in UL grants; separate PHY control channel is required.
	Periodic 1-bit up/down updates. Power control updates are not embedded in UL grants; separate PHY control channel is required.
	Power headroom is reported with MAC control signaling
	Event triggered, interference passes configured threshold(s). The details on the signaling mechanism how to set these threshold(s) should be handled in RAN3. Per subband interference level: 4 bits per subband; Configurable subband size –minimum subband size 900 KHz
	PC between users should be allowed. It is not needed to signal data/ pilot power ratio to UEs.

	Samsung
	Simple OL power control with different power offset w.r.t. MCS level.  

  PSDtx = simple open loop power control + delta_tpc + delta_mcs    = targetSNR + pathloss + Interference + delta_tpc + delta_mcs

where targetSNR is cell specific(BCH) or UE specific(higher layer signaling). Path loss is a measured path loss of serving cell. Interference level is a cell specific parameter which is broadcasted in BCH. delta_tpc is UE specific parameter which is a PC adjustment transmitted in uplink schedulig grant. delta_mcs is a different power offset with respect to MCS level. This parameter is signaled by higher layer signaling. The main motivation to introduce delta_mcs is for NodeB to control the UE PSD. It will be beneficial in lightly loaded situation where bandwidth is not limited. In this situation, NodeB scheduler can assign wider bandwidth and lower MCS level with smaller PSD. If UE transmits smaller PSD, interference to the neighbor cells is smaller.
	OL PC with adjustments in downlink assignments. Different target SINR than PUSCH
	Same method as PC for PUSCH. Uplink scheduling grant can be transmitted if it is necessary to adjust the transmit power..
	OL PC. No need for PC adjustments.
	Scheduler should know the power headroom. In-band signaling is preferred as similar with E-DCH.
	
	

	TI
	Classic OL PC. PSD = Target SINR + pathloss + UL interference +PSD adjust. The Target SINR of the classic OLPC is adapted based on the % of UEs transmitting at their maximum power. Cell specific parameters (broadcasted in system parameters): Target SINR, UL interference. Others UE specific.
	PSD adjust may be different than PUSCH
	
	Same as PUSCH
	
	Periodic or event-triggered. The information communicated between cells through X2 is: 1) Non Serving Target SINR = target ratio for the signal from neighbouring UEs with respect to the UL interference. 2) UL interference


	


