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Introduction
In this contribution, the various power control mechanisms for efficient link adaptation are considered for scheduled data and non-scheduled data. Especially, we consider UL power control schemes in the aspect of UL link adaptation (fast frequency-selective scheduling) since there is close relationship between link adaptation and power control strategies for SRS and PUSCH. 
Power control and link adaptation for scheduled data
Fast frequency scheduling needs channel quality information per resource unit for scheduling, and this information is obtained by sounding reference signal in E-UTRA system. Therefore, the power control schemes of SRS should be carefully considered together with PUSCH for efficient link adaptation,, and the possible combinations of power control schemes could be listed as follows.
· Option 1. Classical OL-PC for SRS and FPC-type formula at UE side for PUSCH
In this option, since eNodeB does not have any information on PSD level of PUSCH, the related information (e.g. path-loss to serving and neighboring cell, PSD level of PUSCH, PUSCH’s PSD offset to SRS) should be reported for selection of MCS level. For this case, possible operations of link adaptation are described in following.

· Synchronized link adaptation : The reported path-loss information is kept constant until next reporting time at both eNodeB and UE. Therefore, there exists the mismatch between optimal PSD value and actual PSD value for PUSCH, resulting from the mismatch between real path-loss and eNodeB-assumed path-loss, which we call path-loss mismatch.
· Non-synchronized link adaptation : The reported path-loss information is kept constant until next report time at eNodeB, but UE keeps updating the PSD level of PUSCH. Therefore, there exists the mismatch between PUSCH PSD levels (or PSD offsets to SRS) in UE and eNodeB, which we call PSD offset mismatch
A information mismatch stated above brings about the loss of sector throughput, which is inverse proportional to the period of information report. Therefore, this option may need frequent path-loss report to compensate for those information mismatch.
For option-1, power control command in grant message could be used for the control of PSD level of PUSCH for interference coordination or correction of measurement/PA error.
· Option 2. Classical OL-PC for SRS and any formula at eNodeB side for PUSCH
In this scheme, since PSD level of PUSCH is determined by eNodeB, and UE should obtain PSD information of PUSCH from the UL grant message. In this case, if UE adjusts PUSCH TxPSD offset to SRS TxPSD depending on the scheduled MCS, RxSNR of SRS should be signaled via UL grant message since UE doesn’t know RxSNR of its SRS in the scheduled band. Or else, if UE-automatic PUSCH TxPSD adjustment is not employed, PUSCH TxPSD offset to SRS TxPSD should be signaled via UL grant message.
This option has a similar problem to option 1. That is, path-loss information used for actual PSD setting may have difference from the optimal one and frequent reports on path-loss is necessary to avoid the loss in system throughput.
· Option 3. FPC-type formula at UE side for both SRS and PUSCH
In option-3, the SRS PSD level has an offset to PUSCH’s, which makes link adaptation simple, resulting in higher level of interference. Therefore, the offset value could be semi-statically set according to average SNR of PUSCH in order to lessen a burden of interference increase from SRS.
In case of variable SRS PSD offset, the report/command process for updating the offset value is necessary, and the offset value between SRS and PUSCH should be reported to eNodeB or determined by eNodeB based on reported value of path-loss information. The period of report/command (or the number of offset value) is related to interference level resulting from SRS. 
In this option, power control command in grant message could be used for interference coordination.
Finally, pros and cons for each options are summarized in Table 1, and it is believed that option 3 is suited for open-loop uplink power control due to efficient link adaptation with low UE reporting overhead. A brief system level analysis on the effect of UE report frequency to the system throughput is shown in Annex.
Table 1. Summary of power control schemes for scheduled data
	
	Option 1.
	Option 2.
	Option 3.

	PC for SRS
	Classical OL
	Classical OL
	Offset to PUSCH

	PC for PUSCH
	FPC-type at UE-side
	Only by closed-loop correction
	FPC-type at UE-side

	Link adaptation
	Report of PSD offset between SRS and PUSCH or Path-loss information from UE
	Path-loss report from UE
MCS level and Rx SNR level of SRS in grant message
	Offset value report or Pre-defined event report and command on offset change

	PC command in UL grant message
	Correction of PUSCH’s PSD for Interference coordination
	Rx SNR level of SRS or PUSCH PSD offset value to SRS
	Correction of PUSCH’s PSD for Interference coordination

	Additional Signaling
	Broadcast of OL-PC Parameters for SRS and PUSCH
	Broadcast of OL-PC parameters for SRS
	Broadcast of OL-PC parameters for PUSCH

	Comment
	Trade-off between fast link adaptation and UE reporting overhead
	Trade-off between SRS interference and UE reporting overhead


1. Power control and link adaptation for non-scheduled data
Non-scheduled data, such as VoIP, has some different properties with scheduled data, e.g. semi-static AMC for saving of radio resources, stable QoS, tight requirement for latency, etc. 
· Semi-static AMC
During call-setup period, the related information should be known at eNodeB side for appropriate selection of MCS level. Therefore, the report of path-loss level (or a maximum allowable MCS level among candidates) should be included in call-setup process.
During call-duration if an assigned MCS level needs to be changed for any reason, the reconfiguration process for persistent scheduling may be necessary, and the related information should be reported, periodically or in event-driven manner. A concrete process for reconfiguration is for further study.
· Stable QoS : Power control
Since the service quality should be kept constant with a given MCS level during call-duration, it is believed that the additional closed-loop power control to open-loop be inevitable. The possible options for closed-loop power control could be listed as follows.
· A-periodic power control through L1/L2 control channel (Grant message type)
· Does not need any design of new physical channel.
· Power control using DL ACK/NAK information (for example, frequent NAKs increases UL TxPSD)
· Does not need any additional overhead.
· In-band signaling through downlink traffic
· Does not need any design of new physical channel.
· If downlink data is periodic, periodic power control may be possible with low overhead.
· Periodic power control through any new physical channel
· In some cases, there may exist any performance gain with additional overhead.
We do not have strong opinion for above options up to now, but careful considerations on power control for non-scheduled data is necessary for high capacity of VoIP.
2. Conclusion

In this contribution, intra-cell power control options for scheduled and non-scheduled data were considered as a uplink power control scheme for E-UTRA, and our views on power control is summarized as follows.
· Scheduled data : Option 3 (PSD level of SRS having variable PSD offset to PUSCH)  is recommended as a uplink intra-cell power control for efficient link adaptation.
· Non-scheduled data : A small number of MCS levels is considered for saving of radio resources. A concrete process for transfer of power control command and for semi-static AMC is FFS.
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Appendix. Brief simulation results
In this section, brief simulation results are shown for performance loss resulting from SRS interference (Figure 1), path-loss mismatch (Figure 2) and PSD offset mismatch (Figure 3). As shown in Figure 1, performance loss from SRS interference is negligible for sector throughput if additional interference level from SRS is less than 3dB. Figure 2 shows that sector throughput loss is less than 10% with 6dB path-loss mismatch, but large loss of cell-edge UE throughput occurs. Figure 3 shows that PSD offset mismatch results in large loss in both sector through put and cell-edge UE throughput.
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(a) 3km/hr                                                                       (b) 30km/hr
Figure 1. Performance loss according to increased interference level from SRS (SRS interference from other cell is assumed to be randomized in time-domain)
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(a) 3km/hr                                                                       (b) 30km/hr
Figure 2. Performance loss according to path-loss mismatch
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(a) 3km/hr                                                                       (b) 30km/hr
Figure 3. Performance loss according to PSD offset mistmatch

