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1 Introduction 
The estimation of PL in the EUTRA uplink power control algorithms is questioned by RAN1 in [1]. As expected, the principle of the power control operation is for the path loss compensation component of channel shadowing effects (slow fading) at least for FDD. A number of questions are asked for the specification of PL in [1] and they are summarized as followings: 

· Determination of the method to estimate PL in SISO, including selection of UE measurement, PL estimation, and accuracy

· Determination of PL estimation in Rx diversity and MIMO;

· Determination of PL in DRX/DTX;

As a response to [1], these issues are discussed in this paper. 
2 Reference Symbol and RSRP

In LTE, the cell-specific unicasting Reference Symbols (RS) are transmitted on the DL for the UE to estimate the radio channel coefficients. As an example, the RS allocation in the frequency/time grid with single antenna and normal CP is given as in Figure 1.  It can be seen that the reference symbols are inserted within the first and the third last OFDM symbol of each slot and with a frequency-domain spacing of six subcarriers. Furthermore, there is a frequency-domain staggering of three subcarriers between the first and second reference symbols. Within each resource block there is thus a total of four reference symbols in one time slot  of a RB. 
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Figure 1 LTE downlink reference-signal structure (One antenna port and normal cyclic prefix, i.e. seven OFDM symbols per slot)
In [2], the definition of RSRP is given as 

“Reference signal received power (RSRP), is determined for a considered cell as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.
For RSRP determination the cell-specific reference signals R0 and if available R1 according TS 36.211 [3] can be used.

If receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values of all diversity branches.”
According to this definition, the estimation of the PL based on a single RSRP, e.g. 


[image: image2.wmf])

(

)

(

_

sin

_

t

RSRP

EPRE

t

RSRP

gle

PL

-

=

.                    (1)

The above expression can be considered as the fast fading of the radio channel with the considered bandwidth. This is different from the one expected by RAN1 [1].  But the PL can be estimated based on long term RSRP as discussed in the following section. 
2 Determination of the method to estimate PL 
Since the PL is expected to represent the slow fading of the radio channel of the considered bandwidth, a straightforward method to estimate PL using RSRP is to take the linear averaging of RSRPs over a certain time interval, i.e. 
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where 
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is the filter length, 
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 is the RSRP measurement at the measurement sampling instance
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 as suggested in [2].  The 
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 is the number of the non-zero RSRP during the
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ms. In case of   
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, no PL estimation will be made.

The selection of the length of the time window,
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, should be long enough to get ride of the small scale fading. A similar discussion and specification can be found in EUTRA mobility, where the cell reselection based on PL estimation is specified [3].  In the RRC_CONNECTED_STATE, the length of the L3 filter (averaging time interval) is specified as 200 ms. It is considered to be suitable to reuse this filter length in power control. Meanwhile the fast fading is compensated by TPC and HARQ. 
In case of DRX, the UE might not be able to measure all RSRPs in the 
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ms, and these missed RSRP is removed from the averaging.  In extreme cases, if the UE “sleep” interval is longer than 200 ms, the UE could use the last PL estimation stored by the UE until a new RSRP is measured. 
Obviously, the PL estimation in DRX will suffer a larger variance than in non-DRX modes. In some case, the PL might have to be estimated using a single RSRP, i.e. the first PL estimation or the PL estimation after a “sleep” interval longer than 200 ms. So we propose the tolerance for PL estimation to be the same as those for RSRP as given in Table 2.1. 

Table 2.1 Accuracy of PL estimation in power control

	Parameter
	Accuracy [dB]

	
	Normal condition
	Extreme condition

	
	
	

	PL
	([6] 
	([9]


3 PL estimation with multiple receive antennas 

 As given in Section 2, with multiple receive antennas, the RSRP is required to be (linear) averaged over different diversity branches. In [4], the RSCP definition is proposed to be the “max” RSCPs over all diversity branches in order to keep the perception of coverage. In another words, the “min” PL estimation is preferred. However, this might not be true in practice, e.g. the UL and DL PL are not exactly reciprocal in FDD. Recently, a new way was proposed in [5] as using the RSRP estimated by the Rx antenna which is going to be used for transmission. This is reasonable when one of the Rx antennas is used for transmission. But, in both in FDD and TDD UE implementations, the UE might have a separate Tx antenna from those Rx antennas. 

With the above considerations, we think the RSRP estimation or the PL estimation with multiple Rx antennas could be averaged over different diversity branches to get a better estimation of the slow fading. In other words RSRP used for mobility measurement could be reused for path loss estimation.     
4 Summary 

In this paper, we propose to estimate PL in the power control algorithms based on linear averaged RSRP estimates as in (2). The filter length is 200 ms. The tolerance for PL estimation could be the same as those for RSRP. In DRX, the PL starts with the last PL stored by the UE and then averaged in a time interval of 200 ms. With multiple Rx antennas, we propose the RSRP or PL to be averaged over different branches. 
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