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1
Introduction

In RAN1#67, uplink power control enhancements were discussed and two ways forward were presented [1]

 REF _Ref314493888 \r \h 
[2]. The two ways forward were proposing signaling [1] and CSI-RS pathloss estimation –based [2] approaches for enhancing the uplink power control in Release 11. Nothing was agreed, however the following observations were drawn:
“Observation (in the context of UL PC):

· For the cases simulated so far, network signalling based approach has similar performance as CSI-RS base PL estimate approach

· Additional simulation of high mobility cases may be helpful

· In the case of RRC based approach, the network needs to monitor COMP UE uplink signals at multiple points, 

· CSI-RS based approach is available only after CSI-RS is configured, 

· In order for the network to figure out the CSI-RS configuration, one alternative is for the network to measure COMP UE uplink signal at multiple points

· Another alternative is based on UE measurement and reporting of  RRM measurement set”

In this contribution we provide our views on uplink power control enhancements, and in particular on the enhancements proposed in [1]
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[2].
2
Need of UL PC enhancements
In our previous contribution [3], we discussed the problem of current open-loop power control mechanism in non-uniform deployment scenarios involving nodes with different transmit powers, and found a common solution with no standardization impact for both Rel-11 UEs and legacy UEs. The motivation of the proposal comes from the fact that any enhanced scheme with standard changes cannot be applied to legacy UEs and then the too large initial uplink transmit power from legacy UEs may still heavily interfere Rel-11 UEs’ uplink transmission which may, in turn, degrade the overall network performance.
Since the pathloss is normally over-estimated based on the existing pathloss measurement method, the basic idea in [3] is signaling a lower preambleInitialReceivedTargetPower value to all UEs in order to make the actual received power of the first PRACH preamble from each UE equal to or weaker than the required preamble received target power. Thanks to the preamble power ramp-up mechanism, those UEs that estimate pathloss correctly and hence transmit too low initial preamble power and fail to access the network, could achieve eventual random access success at the cost of a larger access delay. For PUSCH/PUCCH/SRS transmission, as the total ramp-up power from the first to the last preamble has been taken into account in the transmission power, the pathloss estimation error can be perfectly compensated by an undervalued cell-specific objective transmit power.
By employing this approach which is fully based on existing power control features, the PC problem can be solved for both legacy UEs and Rel-11 UEs in all uplink channels including PRACH, PUSCH, PUCCH and SRS. Then the necessity of any enhancements is questionable.
Observations:
- 
The network will face similar UL PC problems with legacy (Release 8/9/10) UEs.

- 
The network will need to implement mechanisms for handling UL PC for legacy UEs in the problem scenarios using existing features.

-
Since existing features can be used and are anyway going to be used for handling the problem, it is questionable if any enhancements are needed.
3
UL PC enhancements
3.1
CSI-RS –based pathloss measurements
In [2], CSI-RS based pathloss measurement was proposed to handle the pathloss estimation problem in open-loop UL PC for Rel-11 UEs. As the problem comes from the difference of DL transmission power from multiple nodes, a solution using orthogonal point-specific downlink reference signal and broadcasting the respective RS transmit power is obviously capable of touching the root of the problem. Though the CSI-RS based pathloss measurement works in theory for Rel-11 UEs, the detailed procedure is still not fully clear and the performance may need further evaluations. In [4] we have provided link-level evaluations of the accuracy of CSI-RS power measurements. While the results are showing sufficient estimation performance, it is noted that it is the absolute measurement accuracy that counts in uplink power control, and that is mainly limited by the uncertainties in the UE RF gain setting. Current requirement for the absolute RSRP accuracy is ±6 dB. It is not entirely clear to us whether this accuracy would lead to significant benefits with CSI-RS RSRP –based open-loop PC.
In RAN1#67 meeting, some observations on the CSI-RS based approach were made:
· CSI-RS based approach is available only after CSI-RS is configured, 

· In order for the network to figure out the CSI-RS configuration, one alternative is for the network to measure COMP UE uplink signal at multiple points

· Another alternative is based on UE measurement and reporting of  RRM measurement set
We notice that the determination of CSI-RS configuration in both alternatives happens actually after initial random access phase, i.e. relying on either uplink signal measurement or RRM measurement set reporting. It means the uplink transmit power before CSI-RS configuration is still likely out of control. To get around the initial access problem, in principle, one could define a cell-specific RRM measurement set including all coordinated points, and broadcasting the CSI-RS port and RS transmit power of each transmission point in system information. UEs that are accessing the network need to first measure the individual pathloss from each point in this cell-specific RRM measurement set, and then calculate the overall pathloss and accordingly uplink transmit power. After this CSI-RS -based open-loop power control, the existing closed-loop power control methodology can be further applied without any additional enhancements. However, as this cell-specific RRM measurement set applies to all UEs and is semi- static, the number of transmission points per cell would need to be severely limited due to UE measurement complexity issues. Such limitations do not seem very feasible. 
In addition to problems related to initial access before CSI-RS configuration, a relevant issue seems to be how the eNB would configure the CSI-RS to the UE in the first place. This has been discussed also in [4], where we have concluded that uplink signals would be needed at least for initial configuration of CSI-RS (and RRM measurement set) as otherwise the eNB can not have any knowledge about which CSI-RS resources (and which RRM measurement set) should be configured to the UE. The difference between relying only on uplink signals versus CSI-RS based power measurements seems to be mainly in how frequent measurements would be needed in uplink, and hence in how frequent UL SRS transmissions would be needed. Considering mobility, in case of relying only on closed-loop PC corrections, the UE might need to be transmitting SRS or other signals more frequently to enable the network to issue proper closed-loop power control commands.
Observations:


-
CSI-RS pathloss measurement tackles the root of the UL PC problem.
-
Open-loop power control before CSI-RS configuration might still be problematic.
-
Compared to relying only on UL signals and closed-loop PC corrections, open-loop PC based on CSI-RS might slightly reduce the required UL signaling overhead.

3.2
Other potential enhancements
In [1], the following working assumptions were proposed for PUSCH, PUCCH and SRS power control enhancements in Rel-11:

· Adopt eNB indicated UE-specific adjustment via RRC signalling ; which one(s) from the following options to be accepted is FFS: :
· UE-specific pathloss offset
· Enhancement of  PUSCH/PUCCH objective transmit power
· UE-specific fractional pathloss compensation factor α for PUSCH
· UE-specific fractional pathloss compensation factor α for PUCCH
· Enhancement of SRS power offset, especially for TDD system
· FFS if CSI-RS based measurement is introduced
We notice that all these eNB indicated UE-specific adjustments are based on RRC signalling. In other words, none of them solves the PC problem in the random access phase. Further views for each of the potential enhancements are given below.
Pathloss offset: Although the open-loop power control problem comes from the inaccurate CRS-based pathloss measurement, it does not mean UE-specific pathloss offset can be effectively applied as a straightforward way to compensate the pathloss measurement error. In principle the network can estimate received power at multiple points and based on the measurements derive a pathloss offset that the UE should apply in the power control formula. However, if network would actually derive the required offset, also closed-loop power control (possibly with extended range) could be utilized and then it is not clear whether such pathloss offset signaling is needed. Moreover, if CSI-RS –based pathloss measurements are adopted, this solution becomes not needed as it is basically trying to solve the same problem. As concluded in the previous section, this solution would require more uplink signaling while on the other hand being much simpler to the UE.

PUSCH/PUCCH objective transmit power: The objective transmit power is composed of two components: one is cell-specific and the other is UE-specific. This existing structure has already given enough flexibility. Whether and how much the range of the component value requires extension is unclear and needs further study.
Fractional pathloss compensation factor α: In Rel-8/9/10, the fractional pathloss compensation factor α is cell-specific, and determines how much the pathloss compensation plays a role in the uplink transmit power. In practice, the value of α relies on the network deployment, cell sizes etc. In non-uniform networks, UE that locates at different region within one cell’s coverage may require different and UE-specific pathloss compensation factor. However, the practical gain of such enhancement is far from clear and would require further evaluation.
SRS power offset: Due to the downlink transmission power gap between high and low power nodes, it is likely that for some UEs the uplink measurement set and downlink measurement set are different. In TDD system where eNB could acquire DL CSI via UL SRS, the SRS transmit power aiming for proper received power at all Rx points may lead to insufficient received power at some Tx points in the DL measurement set. Therefore, the SRS power offset needs to consider not only UL measurement set but also DL measurement set. But even so, the current value range of SRS power offset may be enough and further extension seems short of solid proof.
Observations:

-
If any enhancements are adopted, CSI-RS –based pathloss measurements may be sufficient for Release 11.
4
Conclusions
In this contribution we have provided our views on uplink power control enhancements in Release 11. While in our view the need for any enhancements is still rather questionable, CSI-RS –based pathloss estimation would seem to be feasible and tackle the root of the problem. If CSI-RS –based pathloss estimation is adopted, other enhancements do not seem to be necessary.
Proposal:

· Consider if any enhancements are actually needed in Release 11.

· If deemed necessary, CSI-RS –based pathloss measurements can be considered.

· In this case other enhancements may not be necessary.
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