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1 Introduction
Views on DL power control were expressed in ref [2] to [6] but there was no time for discussion at RAN1#47Bis. This paper discusses power control for unicast RS and unicast shared data and shared control channels. Hereafter, “unicast” and “shared” is dropped to shorten the text.  
2 Discussion

The downlink RS can be used, at least, for following purposes  

· Channel estimation for coherent demodulation of data and control channels

· Cell search: for cell (re)selection and handover  

· CQI measurements and MIMO feedback

Common view in Ref [2],[3],[4],[5] is that power of all RS RE 
· Should be the same and semi-statically
 constant at least in time domain since RS is a common signal used to indicate the coverage of a cell. 
· Should be the same in frequency domain  
Ref [2],[3],[4] further suggested that power boosting for RS should be possible. However it should be semi-static and 

· The ratio between power of RS RE and QAM RE for data should be made known
 to the UEs so that any UE can perform QAM demodulation properly.

· Power boosting level of RS implicitly indicates power level of data RE which are FDM with RS in the same OFDM symbol.      

RAN1 agreed that

· Control channel (CC) will be sent in the first L OFDM symbols of the sub-frame

· Each CC is individually encoded, power controlled and transmitted over entire system bandwidth (distributed transmission)  

This means that RS in the first OFDM symbol is used by all UE for CC demodulation. Therefore RS RE in the first OFDM symbol should have equal power i.e. power is not being controlled in favour of a particular UE.

Ref [6] suggested that power of RE for RS and data can be different between RB to enable IC. One reason was that the impact of the power controlled RS on the channel estimation is small because given RS density, linear interpolation provide good enough channel estimation. We disagree with this reasoning because 
· Linear interpolation is very sub-optimal compared to an optimal channel estimation that takes into account all available RS in a sub-frame.

· The RS is used by all the UE and all the UE should be able to use optimal channel estimation

While we agree with potential benefit of IC, power control for data RE, if seen as necessary, should only be applied to RE carrying QPSK symbol. Note that while the UE at cell edge seem to benefit most from IC, QPSK is normally the most suitable for those UE anyway.    
For RS, it should be noted that the agreed FH between cells can also be seen as some form of IC.

3 Conclusion
We recommend followings be adopted as working assumptions
· All RS RE should have the same power level at least within a sub-frame
· All QAM
 RE should have the same power level at least within a sub-frame
· If non-zero power boosting is applied to RS RE, the boosting level should be semi-static (i.e. constant over long period of time) and signalled to the UE. To minimize the signalling overhead, single boosting level should be used at a time. The boosting level is defined as power ratio between RS RE and QAM RE.
· If non-zero power boosting is applied for RS RE, the signalled boosting level implicitly indicates power level of QAM RE which are FDM with RS RE in the same OFDM symbol. 
· Only QPSK modulation is used for CC
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5 Annex

	RE
	Resource element 

	RS
	Reference signal

	RB
	Resource block

	DL
	Downlink

	CC 
	Control Channel

	IC
	Interference coordination

	FH
	Frequency hopping

	PSC/SSC
	Primary/Secondary Synchronization Channel

	FDM
	Frequency Division Multiplexing









































� In this paper, it means the change is very slow and should be signalled for e.g. on BCH


� Few levels between 0 dB to 6 dB need to be signalled to the UE


� The requirements are stronger for 64QAM than 16QAM
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