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Introduction
In RAN1#48bis meeting, open-loop power control formula at UE side is agreed as a basic power control scheme for E-UTRA uplink while details of power control formula for each UL physical channels are not decided yet [1]. Especially, actual power control scheme for PUSCH and SRS (Sounding Reference Signal) affects UE-reporting frequency and UL link adaptation in eNode-B scheduler. In this contribution, we discuss several options of power control for PUSCH and SRS, and then clarify LGE’s preference based on the analysis.
Power control options for PUSCH and SRS
Uplink fast frequency scheduling needs channel quality information per uplink resource block for scheduling, and this information is obtained by SRS 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. PUSCH PSD offset to SRS) should be reported for selection of MCS level. For this case, possible options for link adaptation are described as follows.

· Option 1-1. Synchronized link adaptation: UE reports PUSCH to SRS PSD offset every time it changes PUSCH Tx PSD. In this option, eNode-B scheduler always has correct knowledge on expected Rx SNR for PUSCH if we ignore scheduling delay. However, frequent reporting of PUSCH PSD offset is necessary to keep track of variation in uplink path-loss. If PUSCH PSD is not adjusted fast enough, there will be mismatch between current path-loss and the path-loss from which PUSCH Tx PSD is derived, which we call ‘path-loss mismatch’.
· Option 1-2. Non-synchronized link adaptation: UE may change PUSCH PSD without reporting it. In this case, Rx SNR of PUSCH derived from SRS may not be correct even if scheduling delay is ignored, which will result in uplink throughput degradation. We call the mismatch between actual PUSCH PSD offset over SRS and reported one as ‘PSD offset mismatch’.
· Option 2. Classical OL-PC for SRS and any formula at eNodeB side for PUSCH
In this scheme, PUSCH PSD offset to SRS is determined by eNodeB and signaled through UL grant message. However, UE measured path-loss should be reported frequently to apply FPC type formula at eNode-B side, which results in similar operation as in option 1-1 above. 

· 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 while FPC scheme is applied to PUSCH power control at UE side. This option makes link adaptation simple since eNode-B can derive expected Rx SNR of PUSCH directly from the Rx SNR of SRS. However, this option may cause higher level of interference from SRS transmission since SRS Tx PSD is set following FPC formula. To keep SRS interference within a reasonable level, SRS PSD offset value could be semi-statically set according to average SNR of PUSCH.
In case of variable SRS PSD offset, report or command process for updating the offset value is necessary, and the offset value between SRS and PUSCH should be reported to eNode-B or determined by eNode-B However, the frequency of update many not be so frequent depending on the acceptable range of increase in SRS interference.
Finally, pros and cons for those options are summarized in Table 1. We believe 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 eNode-B correction
	FPC-type at UE-side

	UE report for Link adaptation
	PSD offset between SRS and PUSCH,

 or Path-loss information
	Path-loss information
	PSD offset between SRS and PUSCH, 

 or Path-loss information

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


1. Conclusion

We suggest employing option 3 (PSD level of SRS having variable PSD offset to PUSCH) as a uplink intra-cell power control for efficient link adaptation
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Appendix. Simulation results
In this section, brief simulation results are shown to estimate 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

