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1
Background
In the RAN1#66 meeting uplink power control was discussed and the following conclusion was made:

Enhancements to the uplink power control for open-loop as well as closed-loop operation may be considered including e.g. 

· enhancement to support selection of intended reception point(s) 

· potentially take into account new interference environment

· path-loss determination and signalling that targets intended reception point(s)

· reception point(s) may vary for different uplink physical channels

In addition, coexistence with legacy UEs should be considered in these enhancements. 
Based on the discussion in the RAN1#66 and RAN1#66bis meetings it can be concluded that Rel-8/9/10 UL PC formula is the starting point and different kind of enhancements are considered so that different CoMP modes and scenarios can be supported. In this contribution we present our view on the enhancements to the uplink power control.
2
Reception point specific UL PC 
It has been pointed out in [2] that optimal UL reception point is not always the same as DL transmission point in case that there are low power nodes (LPN) in the network. This is because DL tx power is limited in the LPN to a lower value than what is used in macro eNB. However uplink tx power at the UE is not limited. This means that DL coverage area around LPN is smaller than UL coverage area i.e. in some cases it would be beneficial to have different DL transmission point than UL reception point. In case of CoMP this kind of decoupling of DL transmission and UL reception points should be supported.

In Rel-10 PUSCH UL PC is defined with the following formula:
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 is the downlink pathloss calculated in the UE for the serving cell c. 
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 = referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP is the value from the reference signal received power measurement at the UE. In case that UE is receiving from multiple cells at the same time (carrier aggregation), eNB can select which cell is the serving cell that is used in pathloss estimation. 
Inter-cell CoMP, e.g., CoMP scenarios 1 – 3, is well suited for mixing CoMP UEs and non-CoMP UEs in the same network. From UL PC point of view it would be reasonable that all the UEs that are targeting their UL transmission to a certain reception point, would use the same PC formula and parameter values. For CoMP UEs it would mean that it measures pathloss to each configured reception point. In addition to pathloss also Po and alpha should be selected according to the values used in certain reception point. It should be noted that typically Po and alpha of low power node differ quite a lot from values used in macro cell [3]. Because of this we propose that UL PC of the CoMP UEs is defined in the following way:
· UE maintains separate UL power control loop for each configured reception point

· In case of joint reception UE selects the reception point with the smallest pathloss and uses UL PC parameters (Po and alpha) associated with that point

· In case of dynamic reception point selection, cell identification field (CIF) is included in the UL grant to indicate which reception point and corresponding PC formula (i.e. values of alpha, Po, PL and f(i)) should be used

For the joint reception case, PL value could be also some kind of function of pathlosses to all reception points [1], but then it is not clear what kind of values should be used for Po and alpha. 
In case of CIF in the UL grant, closed loop commands can be reception point specific but in case of joint reception (no CIF) closed loop commands would be common for all reception points. 
3
UL PC in intra-cell CoMP
Intra-cell CoMP can consist of macro cells and low power RRHs that all use the same cell-id as e.g. in CoMP scenario 4. The RSRP measurement at the UE could be useful for pathloss estimation in homogenous CoMP environment where same DL RS tx power is used in all the tx/rx points. However deployment scenario 4 includes also low power nodes so the cases where UL and DL tx/rx points should be at the different places can not be identified at UE from RSRP measurement. This would mean that sometimes UL tx power of the UE would be unnecessary high and for moving UEs the open loop component could work in wrong way e.g. when UE with UL received via RRH is moving away from it, open loop compensation could decrease transmission power because RSRP is dominated by macro-cell.
Scenario 4 is not well suited for UL PC scheme of Rel-8/9/10. UE calculates PL value based on RSRP measurement and DL RS tx power value received in the system info. CRS signal that is used for measurement may be transmitted jointly from multiple points with different power levels and only one value for DL RS tx power can be used, so the PL value that can be obtained this way can be largely inaccurate. Also as pointed out above, optimal selection of Po and alpha values means that typically different values are used in low power nodes compared to macro. In scenario 4, however, Rel-8/9/10 UEs probably need to use same values independent on reception point. It is then clear that open loop component of UL PC is inaccurate and closed loop commands are needed compensate shortcomings.
UL PC scheme of CoMP capable UEs for intra-cell CoMP do not necessarily have to be compatible with Rel-8/9/10 UEs. However, the reception point specific UL PC proposed above could be implemented relatively easily for CoMP UEs and then the same well known UL PC methods that are used for inter-cell CoMP can be used also with intra-cell CoMP. We therefore propose that:
·  CSI-RS can be used for reception point specific pathloss estimation in intra-cell CoMP
·  Tx power of point specific CSI-RS is provided to the UE by higher layers so that point specific pathloss can be estimated

·  Point specific Po and alpha are provided by higher layers if needed (i.e. when values are different from those in the system info)
This enables the same operation for joint reception and dynamic reception point selection as discussed above for inter-cell CoMP i.e. in case of joint reception UE selects the PC formula with the lowest pathloss and in case of dynamic reception point selection CIF value is included in the UL grant to indicate reception point and corresponding PC formula.
4
PUCCH and SRS PC
Accurate power control is important for PUCCH. Several UEs may be transmitting PUCCH in the same PRB so it is important that PUCCH powers at the eNB are at the same level. As pointed out in many contributions CRS based pathloss measurement can result in too high transmit power for the UE if DL RS tx power of macro eNB is assumed. Error in the PC may be compensated by closed loop commands but especially in case of moving UE it requires frequent PUCCH PC commands i.e. DL grants or usage of DCI format 3/3A and also PUCCH feedback from UE, which otherwise may not be necessary. Because of this enhancement to the open loop PC, for example CSI-RS based PL measurement, should be considered also from PUCCH PC point of view.
As pointed out in many contributions [4],[5],[6] PUCCH, PUSCH and SRS reception points should not always be the same. The power control scheme to be used with PUCCH depends on enhancements that are specified for the CoMP case. In [7] it is proposed that two types of PUCCH resources are defined:
· Non-orthogonal resources that can be allocated for UEs heard by single tx/rx point.
· Orthogonal resources that can be allocated to for UEs that can be heard by multiple tx/rx points

In case of non-orthogonal resource, when PUCCH is intended to be received by only one tx/rx point, the PUCCH power control should be based on the PC parameters of that tx/rx point i.e. PL and Po to be used should be the ones specific for that point. In case of orthogonal resource, when CoMP reception of PUCCH is assumed, the PC principle could be the same as with PUSCH. As proposed above UE could then select the tx/rx point with the smallest pathloss and use the PL and Po value of that point.
In case of SRS, resources to be used for transmission could be divided with the same manner as with PUCCH i.e. there could be non-orthogonal SRS resources that are intended to be received only in single reception point and orthogonal resources that can be received in multiple points in the CoMP area. PC of non-orthogonal resource should follow the same principle as non-orthogonal PUCCH i.e. it should use the parameters that are specific for that point. In case that orthogonal SRS resource is configured for the UE, we can assume that SRS is intended to be received by multiple rx-points and this should be taken into account in the power control. PUSCH PC method that selects the closest rx-point could still be used but SRS_power offset value should be set so that reception of SRS is possible in multiple points. Potentially the range of P_srs_offset parameter should be extended. Another possibility is that also in case of orthogonal resource for SRS, the rx-point that should be used for power control purpose is explicitly signalled together with SRS configuration.
5
Conclusions
In this contribution we present our views on UL PC in case of CoMP. We propose that current Rel-10 UL PC formula is used also in case of CoMP. We currently don’t see any reason to do modifications to the UL PC formula. We propose that in case of CoMP, parameter values of UL PC formula (alpha, Po, PL) should be selected according to the intended reception point. In case of dynamic reception point selection, cell identification field is included in the UL grant and it indicates the intended reception point and corresponding UL PC parameter values. In case of joint reception, UE selects the reception point with the smallest pathloss and uses power control parameters of that point. In intra-cell CoMP CSI-RS based pathloss estimation can be used. If the PUCCH or SRS is intended to be received by only one reception point the PC for those transmissions should use the PC parameters specific for that rx point. In case of joint reception of PUCCH, PC parameters should be selected based on rx-point with smallest pathloss. In case joint reception of SRS, power control should be set so that the signal can be received in all the intended rx-points.
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