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1. Introduction
In Rel-11, heterogeneous network with distributed RRHs is a typical deployment scenario for both MIMO and CoMP. In this 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 [1-4]. In the RAN1#67 meeting, two joint contributions [5-6] were discussed but no conclusion was made. The major view of contribution [5] is to use UE-specific RRC signalling for PUSCH, PUCCH and SRS power control. In [6], it is proposed to exploit CSI-RS based pathloss estimation for uplink power control at least in scenario 3 and 4. In this contribution, we provide our suggestions based on the analysis of UL power control enhancement.
2. Enhancement on PUSCH/PUCCH power control
2.1. Mechanisms for power control enhancement
In contribution [5], UE-specific power control adjustment via RRC signaling was proposed, and the following options were listed as candidates:
· UE-specific pathloss offset
· Enhancement of  UE-specific part of Po for PUSCH/PUCCH
· UE-specific fractional pathloss compensation factor α for PUSCH/PUCCH
UE-specific power control adjustment can help eNB to control the transmit power of different types of UEs. For UEs with large pathloss measurement error, eNB can compensate the corresponding pathloss or transmit power for each UE according to the relative PL information among multiple points. This approximate PL information can be easily estimated from UL channel/signal as shown in [7]. It’s also shown in [8] that even with very low SNR, SRS can provide reliable information to obtain approximate relative PL information. eNB can further adjust the transmit power signaling according to the intended receive points set. If gain can be acquired via joint receiving in multiple points, the transmit power of a UE can be reduced.
From the simulation results provided in [4], it is observed that UL power control via RRC adjustment can provide similar performance as the mechanism based on accurate pathloss estimation via CSI-RS. Even when there is some adjustment error by RRC signaling, the system performance will not be significantly impacted with the help of closed loop power control via PDCCH. 
Furthermore, CSI-RS based PL measurement is available only after CSI-RS is configured, while RRC signaling for power control is always effective as long as there is UL signal/channel transmission. The required DL signaling by UE-specific RRC adjustment is also much less than that of CSI-RS measurement. The current signaling can be well reused by UE-specific RRC adjustment approach. But for CSI-RS measurement, the specification impact is significant and the followings should be considered:
· The signalling of CSI-RS set for pathloss estimation. Due to independent scheduling of UL and DL transmission, the intended CSI-RS resource(s) for path loss estimation may be outside the DL measurement set. Then the information of CSI-RS resource for PL measurement should be indicated independently from the measurement set. Considering different scheduling cases of PUSCH/PUCCH/SRS, this resource of different channel/signal should also be independently configured. Furthermore, the absolute power of the CSI-RS should also be indicated to UE for PL measurement.
· New measurement mechanism should be defined based on CSI-RS similar to RSRP. Different from current RSRP, the measurement result does not need to be reported if it is only used for pathloss measurement at UE. Hence, the PL measurement can’t be well tested.
As analyzed above, CSI-RS based PL measurement for UL power control cannot really outperform UE-specific RRC adjustment in the aspects of performance, DL signalling and specification effort. If UE-specific adjustment is introduced, we don’t see any additional motivation to consider CSI-RS based PL measurement. 
Proposal 1: UE-specific higher layer signaling is specified for UL power control in UL CoMP scenarios.

Proposal 2: CSI-RS based PL measurement is not recommended if UE-specific higher layer adjustment is enhanced.
2.2. Methods for UE-specific RRC signaling
In the following we discuss the mentioned alternative schemes in section 2.1 via higher layer signaling, and analyze the feasibility of each approach.
· UE-specific pathloss offset
With the help of UL signal, the difference of pathloss between multiple points 
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can be estimated in eNB. Then according to the relationship between 
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[7], the approximate estimation error of UL pathloss measurement based on CRS can also be calculated in eNB. UE-specific pathloss offset with the information of 
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 can be signaled to each UE for pathloss calculation. Then the expected pathloss at UE can be calculated by:
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The value of 
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 can be indicated via RRC signaling considering the position of a UE will not change fast. For example, assuming that the maximal estimation error is 16dB, and then a new higher layer parameter with size of 4bits should be introduced for this type of power control.
· Adjustment of objective transmit power of PUSCH/PUCCH
For UEs with pathloss measurement error, the transmit power can be modified by adjusting UE-specific objective transmit power [7]. Considering that the maximal estimation error may be large, the range of current objective power may not be sufficient for error compensation. In this case, range expansion of objective power 
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should be considered. The required expansion range is also related to the maximal pathloss measurement error, which depends on the transmit power difference between Macro and RRH. For example, assuming that the maximal estimation error is 16dB, then only one additional bit is needed for current objective power with 4 bits signaling.
· UE-specific fractional pathloss compensation factor α for PUSCH/PUCCH
According to current UL power control mechanism, the UL pathloss can be partly or fully compensated via configuration of fractional pathloss compensation factor α. But this factor is cell specific and can’t be configured for each UE. In [2] it is proposed to introduce UE-specific compensation factor instead of current factor, and then pathloss compensation can be controlled for each UE. However, if only pathloss error (relative to pathloss estimation at UE) but no actual pathloss value is aware in eNB, how to configure the compensation factor in eNB to obtain accurate expected transmit power will be a problem. In many cases, the accuracy of this approach may be worse than the previous approaches.
Among the above alternatives, new parameter is needed by UE-specific pathloss offset or compensation factor, while current parameter can be reused by enhancement of UE-specific objective power. This method also has the advantage in the aspect of signaling overhead. Therefore, we propose that:
Proposal 3: Enhancement of UE-specific part of Po for PUSCH/PUCCH is preferred for standardization.
3. Enhancement on SRS power control
3.1. 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 nearest 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 should 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. The power offset between PUSCH and SRS can be defined by the path loss difference between the PL 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 can be 36dB. Even considering limitation of the maximal power for a UE, the offset may also significantly exceed the range of 
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. Therefore, enhancement needs to be introduced for SRS power control. 

Proposal 4: Enhancement on SRS power control is also required for UL/DL CoMP transmission.
3.2. Considerations for power control enhancement 
Some enhancements are discussed below as starting point for power control enhancement for SRS.

Alt.1 UE-specific signaling for pathloss offset
If UE-specific pathloss offset is agreed for power control of PUSCH/PUCCH, similar UE-specific signaling can also be considered for SRS. Considering the intended points are different for PUSCH and SRS, independent higher layer signaling should be defined for SRS. The pathloss estimation for SRS can be modified as:
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Since this mechanism is the same as that of PUSCH/PUCCH, the specification impact can be minimized. The only issue is that the range of 
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may differ from that of PUSCH and should be considered individually. 
Alt.2 Expanding the SRS power offset
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 Independent PL estimation mechanism via CSI-RS
To obtain the pathloss estimation matching the actual reception point(s) of SRS, CSI-RS based pathloss measurement independent from that of PUSCH can also be considered. The information for CSI-RS from the furthest reception point of SRS can be signaled to UE, and UE can estimate the corresponding pathloss for SRS power control to ensure the reception in that point. This information can be indicated in the same way as CSI-RS for PUSCH/PUCCH power control to minimize the specification impact, if similar mechanism is also adopted for PUSCH/PUCCH.
From the point of minimal specification impact, Alt.2 is preferred. By this method, no additional new parameter is needed and the increased signaling overhead is very little (1-2bits). Also, the same pathloss parameters as that of PUSCH/PUCCH can be reused without different definition from PUSCH/PUCCH. 
Proposal 5: Expanding the SRS power offset is recommended for SRS power control enhancement to minimize the specification effort.
4. Conclusions

In this contribution, we discuss the schemes for UL power control enhancement. To obtain the CoMP gain in both UL and DL transmission, enhancement for power control of both PUSCH/PUCCH and SRS should be further discussed. We summarize our proposals as below:
Proposal 1: UE-specific higher layer signaling is specified for UL power control in UL CoMP scenarios.

Proposal 2: CSI-RS based PL measurement is not recommended if UE-specific higher layer adjustment is enhanced.

Proposal 3: Enhancement of UE-specific part of Po for PUSCH/PUCCH is preferred for standardization.
Proposal 4: Enhancement on SRS power control is also required for UL/DL CoMP transmission.
Proposal 5: Expanding the SRS power offset can be considered for SRS power control enhancement to minimize the specification effort.
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