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1
Background
In LTE uplink power control is combination of open loop and closed loop operation. In Rel-8/9/10 the open loop component is based on downlink pathloss estimate to the serving cell. In case of CoMP this approach is not optimal. The pathloss would be measured only to one tx/rx point but there can be other tx/rx point with the same or even lower pathloss. In CoMP scenario 4 same cell-id is used in different DL tx points and CRS based pathloss estimation can not provide separate pathloss values to the different tx/rx points. Also in CoMP deployment scenario 4, DL tx power in different tx/rx points can be different and then there is a problem to set a value for DL RS tx power in pathloss calculation. In this contribution we discuss about UL PC issues that should be considered together with UL CoMP.
2
Discussion
In Rel-10 PUSCH UL PC is defined with the following formula:

[image: image1.wmf]ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

D

+

×

+

+

=

)

(

)

(

)

(

)

(

))

(

(

log

10

),

(

min

)

(

c

TF,

c

O_PUSCH,

c

PUSCH,

10

,

CMAX

c

PUSCH,

i

f

i

PL

j

j

P

i

M

i

P

i

P

c

c

c

c

a

 [dBm]

[image: image2.wmf]c

PL

 is the downlink pathloss calculated in the UE for the serving cell c and 
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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. 
We think that power control principles that are assumed in earlier releases are valid also in case of CoMP i.e. UL PC mainly compensates slow-varying channel conditions while reducing interference to the neighbour cells. Current UL PC can therefore be used also in case of CoMP. The issue that requires further studies is pathloss definition in case of multiple tx/rx points.
In ‎[3] 4 different CoMP deployment scenarios have been specified. From UL PC point of view and especially pathloss estimation point of view one important thing is if each tx/rx transmission point forms a cell of its own. If different cell-id is used then Rel-8/9/10 type of CRS based RSRP measurement can be done to each tx/rx point and if Tx power of CRS is also known, pathloss can be calculated. When pathloss values to the rx/tx points in the CoMP set are available then the question is how to apply those values. There are several alternatives as pointed out e.g. in ‎[1] i.e. the pathloss to be used could be one of the values measured in the UE and it could selected by UE or by eNB, or pathloss could be some kind of combination or average of the measured values.
Adding or removing tx/rx points to the CoMP set may be possible without RACH and it could then mean that PL value is changed in UL PC formula but otherwise the current state of UL PC formula is maintained i.e. accumulated value of closed loop commands is not reset like when RACH is performed. It should be studied if adding or removing tx/rx points generates abrupt changes to the pathloss value and if that is a problem.
CoMP deployment scenarios 3 and 4 are such that CoMP set consists of macro cells and low power RRHs. As pointed out in ‎[2] this means that DL coverage area of low power RRH is smaller than UL coverage area of the same RRH. Then e.g. in CS/CB CoMP optimal operation in some cases would be that DL is received from macro cell but uplink reception takes place in RRH. In CoMP scenario 3 all the tx/rx points have a different cell-id and then the RSRP measurement can be done to the different cells in the CoMP set and if the UE also knows the DL RS tx powers of different cells it can estimate pathloss values to the cells in the CoMP set. 
CoMP scenario 4 consists of macro cells and low power RRHs that all use the same cell-id. 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. 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 attached to RRH is moving away from it open loop compensation could decrease transmission power because RSRP is dominated by macro-cell.
We think that PL estimation to the different tx/rx point should work also in CoMP deployment scenario 4. It should be studied if some other means than CRS based RSRP measurement can be used for pathloss estimation e.g. if some transmission point specific signal can be configured so that sufficient accuracy for pathloss measurement can be achieved.
3
Conclusions
UL CoMP is expected to require only few changes to the specifications. One of the areas where the need for changes should be studied is uplink power control. It should be studied, how the pathloss to multiple transmission points is estimated in different CoMP scenarios and how the pathloss value to be used in the UL power control formula is derived or selected.
It may turn out that current UL PC method is sufficient in some of the CoMP scenarios and in some cases only small changes are needed, e.g. Rel-10 type of selection of cell to be used in pathloss estimation could be modified, so that it is applicable also in case of CoMP. It should also be noted that closed loop commands can be used to compensate errors in pathloss estimation. To what extent this can be used is also an area to be studied.
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