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1. Introduction

In RAN1#67 meeting, WFs [1] [2], which describe efficient ways to perform UL power control in CoMP scenarios, were submitted and a lot of discussions were made based on the submitted WFs. Two approaches were suggested in WFs as methods for efficient UL power control: network signaling based approach and CSI-RS based approach. Network signaling based approach is the method that eNB indicates UE-specific adjustment for UL power control via RRC signaling. CSI-RS based approach is the method that eNB indicates specific CSI-RS configuration on the basis of UL signal transmitted from UE or UE measurement reporting. Here, CSI-RS transmit power is also signalled to UE to enable pathloss calculation from receive power measurements. After this procedure, UE carry out CSI-RS based pathloss estimation for open-loop power control. In this contribution, we propose various techniques to support efficient UL power control for CoMP and will discuss details of related issues.
2. Discussions

Path-loss Determination
First of all, path-loss determination that targets intended reception point(s) has to be efficiently performed for enhancement to the UL power control in UL CoMP environment. In order for this, path-loss measurement information of each of intended reception points that are targeted by UL transmission is required. Here, path-loss measurement can be derived based on other reference signals (RS) rather than common reference signal (CRS) of serving cell.
In case of JR, multiple reception points are involved in the reception. Thus, it is required to derive the pathloss parameter used in the power control formula in consideration of different pathloss measurement from different points. To support this operation, specification support is needed for the configuration of the set of reception points as well as for the derivation of the “effective” pathloss from the multiple pathloss measurements. Some examples for such an effective pathloss are listed as follows (
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 denotes the pathloss from the n-th reception point):
1) Linear Average: 
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2) Best Pathloss Selection : 
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3) Non-linear Average : For example,
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 [3]
Also, some extension of other parameters used in the power control formula can be studied. For example, if the network changes the number of intended reception point(s) participated in CoMP for a certain UE (e.g., from JR over multiple reception points to the single–point reception operation, or vice versa) in consideration of UE mobility and traffic load, the network needs to re-configure the power control parameters such as 
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 accordingly. In order to help fast re-configuration of such parameters, the extension of the range of those parameters or TPC command can be considered.
When a subset of reception point(s) is participated in CoMP joint reception (JR) in CoMP scenario #4 [4], CRS is not suitable with measurement for path-loss of each of intended reception points. The reason is that RRHs (i.e., transmission/reception point(s)) that are deployed within macro cell coverage in CoMP scenario #4 has the same Cell ID as macro cell. Therefore, another RS can be considered as an alternative, and, as for a specific example, CSI-RS can be re-utilized for this purpose. The measurement based on CSI-RS can be also considered in the RRM context [5].
An additional benefit of introducing such configurability in pathloss measurement is that it becomes easier to support the case where the serving point is different in DL and UL. In other words, this feature enables a UE, whose UL reception point(s) is different from DL transmission point(s), to adjust its transmission power accordingly.
In order that UE gets efficient path-loss estimation in CoMP scenario, there could be another method that eNB can indicate additional UE-specific adjustment by RRC signaling to UE. However, this approach cannot perform the efficient UL power control in such fast changing environments where UE has high mobility because RRC signaling period is relatively long. In addition, this approach may not be applicable when the UL transmission of UE is not frequent enough to track the channel state information between UE and intended point(s). Therefore, as mentioned above, path-loss measurement based on other RSs (i.e., CSI-RS) is more appropriate for UL power control in various CoMP scenarios.
Observation 1: Path-loss measurement can be derived based on other RS rather than CRS of serving cell in UL CoMP environment for enhancement to the UL power control. Here, CSI-RS can be re-utilized with this purpose. Also, new path-loss determination for CoMP JR can be considered in UL CoMP environment for enhancement to the UL power control. 
Separated Power Control for Different UL Channel/Signal
One topic to be considered is how to handle the power gap between different UL channels/signals targeting different reception point(s). For example, in case that DL transmission point is different from UL reception point in TDD system, and DL transmission point(s) obtains DL CSI information via SRS transmitted from UE, SRS targeting DL transmission point(s) will require different power level from PUCCH/PUSCH transmission power. Here, for example, eNB informs multiple SRS configuration to UE, leading for different SRS configuration to be respectively applied when SRS targeting DL transmission point(s) and SRS targeting UL reception point(s) are transmitted.
In case that SRS targeting DL transmission point(s) and PUCCH/PUSCH are transmitted in one UL sub-frame, SRS power offset parameter in SRS power control formula [6] can be exploited as a method for setting power of SRS targeting DL transmission point(s) different from PUCCH/PUSCH transmission power. However, this method is insufficient to completely resolve previously mentioned issue.
One possibility is to separate the power control for each UL signal/channel by newly defined configuration messages. This method provides even more flexibility in terms of setting power of SRS targeting DL transmission point(s) different from PUCCH/PUSCH transmission power compared to a method of controlling SRS power offset parameter, including the possibility of using different RS for the pathloss measurement in the power control formulae for different UL signal/channel. If this configurability is introduced, however, it may be possible that the power gap between different UL channels/signals grows so large that it becomes difficult to transmit those UL channels/signals together in adjacent symbols. Therefore, a proper solution has to be additionally considered for such an issue.
Observation 2: A study of how to handle the power gap between different UL channels/signals targeting different reception point(s) is required for enhancement to the UL power control in UL CoMP environment. Here, one possibility is to separate the power control for each UL signal/channel by newly defined configuration messages.
Subframe-specific Power Control

For Rel-10 time domain eICIC, we are considering almost blank subframe (ABS) to mute a fraction of subframes in order to reduce interference that the aggressor cell transfers to the victim cell. In addition, if DL SF #n is set as ABS, the associated UL SF #(n+k) (, where k>3 and k is an integer) cannot be used for the purpose of UL data transmission because some of the signals are restricted to be transmitted from ABS. Therefore, when ABS is adopted, victim UE experiences the fluctuation of the UL interference level subframe-by-subframe. Figure 1 is the example showing the fluctuation of UL interference level that victim UE receives if the aggressor cell sets ABS. Here, FDD system is assumed and the aggressor cell is set to transmit the UL grants from the rest DL SF(s) except DL SF(s) (i.e., DL SF #(n+1), DL SF #(n+4), DL SF # (n+5)) that are set as ABS.
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Figure 1: Example showing the fluctuation of the UL interference level that victim UE receives if the aggressor cell sets ABS
As it can be seen from Figure 1, the UL interference level that the victim UE receives fluctuates because the aggressor cell sets ABS. Thus, it is necessary to consider subframe-specific power control for the efficient UL data transmission of (victim) UE(s) under the condition that Rel-10 time domain eICIC is applied. Based on subframe-specific power control, the victim UE and the victim cell can perform the adaptive UL power control considering UL interference level coming from the aggressor cell. For example, for subframe-specific power control, the victim cell can inform the victim UE of multiple power control parameter such as 
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. After receiving these parameters, the victim UE can apply each different 
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 for the low interference UL SF set and the high interference UL SF set, respectively. For example, in Figure 1, the UL SF # (n+5), UL SF # (n+8), UL SF # (n+9) can be set as the low interference UL SF set and the rest UL SF(s) can be set as the high interference UL SF set.
Observation 3: It is necessary to consider subframe-specific power control for the efficient UL data transmission of (victim) UE(s) under the condition that Rel-10 time domain eICIC is applied.
3. Conclusion
In this contribution, an issue relating to UL power control for CoMP is discussed. The following observations are made based on discussions.
Observation 1: Path-loss measurement can be derived based on other RS rather than CRS of serving cell in UL CoMP environment for enhancement to the UL power control. Here, CSI-RS can be re-utilized with this purpose. Also, new path-loss determination for CoMP JR can be considered in UL CoMP environment for enhancement to the UL power control.
Observation 2: A study of how to handle the power gap between different UL channels/signals targeting different reception point(s) is required for enhancement to the UL power control in UL CoMP environment. Here, one possibility is to separate the power control for each UL signal/channel by newly defined configuration messages.
Observation 3: It is necessary to consider subframe-specific power control for the efficient UL data transmission of (victim) UE(s) under the condition that Rel-10 time domain eICIC is applied.
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