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1. Introduction
In Rel-11, heterogeneous network with distributed RRHs is a typical deployment scenario for both MIMO and CoMP study. In this type of scenario, many issues may rise due to different conditions in Macro and RRHs, e.g. different transmit powers. A typical example is UL power control, which was also discussed in contributions [1-3]. In the RAN#53, the following was agreed to be studied first in CoMP WID for uplink power control issue [4]:
· Enhancements to the uplink power control for open-loop as well as closed-loop operation, e.g., to support selection of intended reception point(s), and path-loss determination and signalling that targets intended reception point(s).
In this contribution, we provide our suggestions based on analysis on possible enhancement for UL power control..
2. Discussion
2.1. Enhancement on PUSCH/PUCCH power control
Current problem in power control 

In Rel-10, the UE transmit power 
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 for PUSCH transmission in subframe i for the serving cell 
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is given by (without considering simultaneous transmission of PUSCH and PUCCH):
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While for PUCCH the transmission power is calculated as:
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Where 
[image: image5.wmf]c

PL

 = referenceSignalPower – higher layer filtered RSRP is the DL path loss estimation at UE. 
As pointed out in [5], this power control mechanism will suffer from some problems in heterogeneous networks. In UL transmission, the signal from UE can be received and detected at the nearest point or multiple points if UL CoMP is implemented. But in downlink, the CRS used for path loss estimation may be transmitted from a different point (scenario 3) or a group of points (scenario 4) with different transmit power among them. Then the UL path loss measurement may significantly mismatch the actual UL path loss. Joint reception gain in multiple points will also be impacted due to path loss measurement. To specify the path loss error, we give a typical example in scenario 4 as follows.
To simplify the analysis, we assumed that there are only Macro and the nearest RRH(with the same cell ID) in the DL transmission set of CRS and UL reception set for the intended UE. In most cases, the contribution from other points is insignificant. For SFN gain in PDCCH and less path loss error (as analyzed in [6]), the CRS is transmitted from both points with transmit power difference of 
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). The path loss between UE and the two points is defined as 
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(Macro) and 
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(RRH), while the path loss difference is
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. The referenceSignalPower is defined as CRS transmit power of Macro. The path loss error 
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is the difference between estimated path loss by the current mechanism and expected path loss, where the expected path loss is decided by the reception points. Two cases are considered here:
Case1: Only the nearest point is used for UL reception and the expected path loss is the smallest path loss 
Case2: Both points are used for UL reception and the expected path loss is the harmonic average of 
[image: image12.wmf]0

PL

 and
[image: image13.wmf]1

PL


We study the relationship between the path loss error and 
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for both cases, and the results are shown in Figure 1. Full DL transmit power is assumed here, and the transmit power of RRH is 16dB (
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) lower than that of Macro.
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Figure1: Estimation error of path loss with transmit power difference of 16dB
It can be found that the maximal estimation error is the transmit power difference between Macro and RRH, when the UE is very close to RRH but far from Macro. Furthermore, the difference between Case1 and Case2 is not significant in most cases. Similar result can also be found in Scenario 3.
Considerations for power control enhancement 
To correct the estimation error, some enhancements can be considered, and the possible mechanisms are discussed below.
Alt.1 UE-specific referenceSignalPower for PL estimation
For UEs in different positions, the receive powers from different points may vary greatly. For example, a UE very close to RRH but far from Macro will receive most power from RRH. However, the referenceSignalPower is broadcast to all UEs in the cell, and the path loss estimation is based on the same transmit power. This may lead to different PL error in different positions. A UE-specific signaling of CRS transmit power can be introduced to indicate different transmit power for PL estimation in different positions. For example, the UEs near Macro can use legacy CRS transmit power while the UEs near RRH can use the CRS transmit power in RRH instead. In Figure 2 we show the estimation error of path loss for the following cases assuming single point reception:
1) Path loss estimation based on the reference signal transmit power of the point with minimum path loss.
2) Path loss estimation based on the reference signal transmit power of the point with the maximal downlink receive power.
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Figure 2: Estimation error of path loss with CRS transmit powers from different reference points 

(Left: the point with minimum path loss Right: the point with largest receive power)

It is shown that there is still path loss error, the maximal value of which is close to 
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 for these two cases. If the signaled transmit power can be a virtual reference signal power between the transmit power of Macro and RRH, this error can be reduced to a small value. A simple method is to indicate the difference between the cell-specific referenceSignalPower and this virtual reference signal power. SRS can be exploited here to obtain the path loss difference
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 and further obtain the virtual reference signal power according to 
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 from the above figures.
Alt.2 Closed-loop power control via PDCCH
Closed-loop power control can provide dynamic power modification for PUSCH and PUCCH [3]. Nevertheless, the step length is very limited in current specification (possible steps are [-1, 0, 1, 3] dB) and may not enough to adjust path loss error. In the worst case, the path loss error will be 16dB based on the above assumption, and the latency for power modification will be at least 10 ms, which will lead to erroneous power for a long time. 
Expansion of step length for closed-loop power control can be considered to shorten the latency. Considering additional signaling bit will lead to significant specification impact on DCI format, the step length can be enlarged with the same DCI size, for example, to  [-3,-1, 1, 3] for DCI format0/4/3. Higher layer signaling can be introduced to indicate the whether to use legacy range or extended range. Since the expansion is very limited, the latency is still there but it can be reduced. The maximal latency is decided by the 
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 mentioned above.
Alt.3 Adjustment of objective transmit power of PUSCH/PUCCH
For UEs with path loss error, the transmit power can be modified by adjusting UE-specific objective transmit power [4]. Similar to the case of closed-loop power control, the range of objective power may not be sufficient for path loss error compensation either. Similar expansion can be introduced for the value range of objective power 
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. The required expansion range is also correlative to the maximal path loss error, which is decided by the transmit power difference between Macro and RRH.
Alt.4 New PL estimation mechanism via CSI-RS
For accurate UL power control, CSI-RS based path loss measurement can be considered as enhancement for this issue. Thanks to CSI-RS, which can be configured to be transmission point-specific, eNB can schedule UEs to measure the path loss of objective point(s) to obtain expected UL/DL path loss, according to the information of intended reception point(s) of UL transmission. New path loss measurement mechanism based on CSI-RS instead of CRS can be considered in Rel-11. Nevertheless, the specification impact is significant compared with the previous schemes, and the followings should be noticed:

· The signalling of CSI-RS for path loss estimation. Due to independent scheduling of UL and DL transmission, the needed CSI-RS pattern for path loss estimation may be outside DL measurement set. So the information for this CSI-RS is expected to be independently indicated from the set. Furthermore, since the transmit power indication for CSI-RS in Rel-10 is only used for CSI measurement, the absolute power of CSI-RS at RRH cannot be obtained by UE via this information. Hence, additional signalling of transmit power for CSI-RS is needed for path loss estimation.
· New measurement mechanism should be defined based on CSI-RS similar to RSRP. Different from RSRP, this measurement does not need to be reported since it is only useful for path loss measurement at UE. 
From above schemes, only minimal specification impact is need for Alt.1-Alt.3, all of which adopt new higher layer signalling for power modification. For Alt.2, the change of accumulation value of PUSCH/PUCCH may lose some extent of flexibility and the latency still exists. For Alt.4, though accurate path loss measurement can be performed, the specification impact should be carefully evaluated. Hence, we propose to first study whether Alt.1 or Alt.3 is enough for PUSCH power control. If not, Alt.4 can be considered with minimal specification impact.
2.2. Enhancement on SRS power control

Power control mechanism in Rel-10

In Rel-10, the setting of the UE transmit power 
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for the SRS transmitted on subframe i for serving cell 
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 is defined by
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where the power difference between PUSCH and SRS is defined by 
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 signaled by higher layer with 4 bits. Most parameters of SRS reuse that of PUSCH.

In UL CoMP, PUSCH may be received only in the nearest point or some near points, and the transmit power of PUSCH is sufficient to only support the reception and detection in the corresponding point(s).  But for SRS, it could be received in more points than PUSCH to obtain the following information: 1) UL information of points in UL cooperative set to determine the reception points; 2) UL CSI of points in DL cooperative/measurement set to get downlink CSI supporting DL CoMP based on channel reciprocity; 3) UL CSI of multiple points to choose the DL measurement/transmission points. Hence, the transmit power of SRS could be larger than PUSCH in most cases. Especially when the reception point of PUSCH is very near and the furthest reception of SRS is relatively far, the power offset may be larger than the current range of 
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. 
To identify the power offset between SRS and PUSCH, we give a similar example as that for PUSCH and most assumption in section 2.1 is reused. The power offset between PUSCH and SRS can be defined by the path loss difference between the PC reference points of PUSCH and SRS. SRS is expected be received by points in a DL set within RSRP threshold of A dB. That is, the maximal difference of DL receive power of the points in the set should not be larger than A dB. This is a criteria usually used for selection of cooperative points. Assuming that the reference point of PUSCH power control is the nearest point, it can be easily concluded that the maximal power offset is just the sum of 
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 and A, which happens when the UE is very close to RRH but far from Macro, and they are both in the set. Typically, using 
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 = 16dB and A = 20dB, the maximal power offset is 36dB, which significantly exceeds the range of 
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. Therefore, enhancement needs to be introduced for SRS power control. 

Considerations for power control enhancement 
Some enhancements are discussed below as starting point for power control enhancement for SRS.

Alt.1 UE-specific referenceSignalPower for PL estimation
If Alt.1 of section 2.1 is agreed for power control of PUSCH, similar UE-specific transmit power independent from that of PUSCH can also be considered for SRS. Then the path loss estimation of SRS can be different from that of PUSCH, which is much close to the actual condition. Since the mechanism is the same for PUSCH and SRS, the specification impact can be minimized. The only issue is that the range of reference transmit power of SRS may differ from that of PUSCH and should be considered individually. For example, with assumption for Figure 1, the path loss error of PUSCH is always positive, while for SRS, the path loss error between the estimated path loss and expected path loss can be positive or negative.
Alt.2 Expanding the power offest to PUSCH 
One simple way of enhancement is to expand the range of 
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to meet the requirement of actual power offset between PUSCH and SRS. The higher layer signaling for this parameter can also be expanded to larger size, e.g. 5-6bits, according to the maximal offset. This value range should be carefully considered taking the possible power difference between Macro and RRH and the selection of SRS reception points into count. 
Alt.3 Using independent objective transmit power

Similar to UE-specific referenceSignalPower, independent objective transmit power, such as 
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 can also be considered for SRS instead of 
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. This parameter should be defined with larger ranges than 
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 considering the modification range of SRS power. 
Alt.4 Independent PL estimation mechanism via CSI-RS
To obtain the path loss estimation matching the actual reception point(s) of SRS, CSI-RS based path loss measurement independent from that of PUSCH is an efficient way. The information for CSI-RS of the furthest reception point of SRS can be signaled to UE, and UE can estimate the corresponding path loss for SRS power control to ensure the reception in that point. This information should be indicated in the same way as CSI-RS for PUSCH power control, if similar mechanism is also adopted for PUSCH as Alt.4 in section2.1, and the additional specification impact is minimal.
From the point of minimal specification impact, the enhancement of SRS power control should be considered jointly with enhancement of PUSCH power control to reduce the specification impact. Since SRS power control not only impact the uplink transmission, but also DL transmission due to channel reciprocity, it is more important to consider enhanced power control for SRS than that of PUSCH. 
3. Conclusions

In this contribution, we discuss the motivation of enhancement for UL power control and also provide some schemes for enhancement. To obtain the CoMP gain in both UL and DL transmission, enhancement for UL power control should be discussed in detail. We summarize our proposals as below:
· Study whether Alt.1 or Alt.3 in section 2.1 is enough for PUSCH power control first. If not, Alt.4 can be considered with minimal specification impact.
· The enhancement of SRS power control should be considered jointly with enhancement of PUSCH power control to reduce the specification impact. 

· It is more important to consider enhanced power control for SRS than that of PUSCH.
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