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Discussion and decision
1 Introduction

In the RAN #53 meeting, a new coordinated multi-point (CoMP) operation work item (WI) [1] was approved to be prioritized in Rel-11 timeframe. In the WI description, several aspects of uplink CoMP enhancements will be studied including the following objectives on uplink power control.
· Study the extent to which specified support is beneficial for UL CoMP operation in homogenous and heterogeneous configurations studied in the CoMP study item. The areas for study include: 

……
· Enhancements to the uplink power control for open-loop as well as closed-loop operation, e.g., to support selection of intended reception point(s), and path-loss determination and signalling that targets intended reception point(s)
……
Meanwhile, in the previous CoMP study item, four deployment scenarios were agreed in simulation assumptions for CoMP evaluations [2]. Among these scenarios, scenarios 3, i.e. network with low power remote radio heads (RRHs) within the macro cell coverage where the transmission/reception points created by the RRHs have shared cell ID as the macro cell, has received significant attention and become important new deployment scenarios for uplink/downlink CoMP enhancements in Release 11.
In the new deployment scenarios with distributed transmission/reception points, due to different downlink transmission power from macro and RRHs, many companies have pointed out that current power control mechanism may be problematic. In our previous paper [3], we observed that by introducing a new open-loop power control scheme, Rel-11 UEs could achieve accurate path loss estimation and appropriate uplink transmission power. However, this new scheme requires non-CRS based RSRP measurement and new signalling, and therefore is not adaptable to legacy UEs. In this contribution, we further discuss the issue of uplink power control enhancement with no standardization impact in order to find a common solution for both Rel-11 UEs and legacy UEs.
2 Uplink power control in Release 10
In Release 10 and previous releases, power control has two components: open-loop power control component based on uplink path loss estimation at UE side, and closed-loop power control component via downlink TPC commands to further tune the uplink transmission power level. The path loss estimation accuracy plays an important role in the open-loop power control component, and further impacts the required TPC signalling overhead and the interference level. The uplink path loss can be estimated at UE side based on a broadcasted parameter referenceSignalPower of CRS transmission power and the reference signal received power (RSRP) at the UE, and can be expressed as
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 (1)
3 Problem of current power control mechanism
However, for example in CoMP scenario 4, the conventional power control scheme could be problematic. The downlink transmission power from the macro and the transmission power from low power RRHs are very different (from 9dB to 16dB difference). When the same CRS is transmitted from all transmit points (including macro and all RRHs) simultaneously in order to achieve better CRS and PDCCH coverage, multiple signal streams via various path loss paths will be combined at receiver side. This combination signal comprises the impacts of both different path losses and different transmission powers from all transmit points. Though the effective uplink path loss also consists of all the single-link path losses, it is very tricky to extract the effect of downlink transmission power difference effectively.
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Figure 1 Path loss measurement in non-uniform network

To be more specific, the problem could be explained in a mathematic way below. Let us assume the system has N low power nodes in the macro coverage area. The long-term path loss in linear scale from macro to one UE is L0, and the path loss from the i-th RRH to the UE is Li, as shown in Figure 1. The long-term path loss is applied to both uplink and downlink. Then the real uplink path loss can be linearly expressed as
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(2)
We can also assume the downlink transmission power in linear scale is Pmacro from macro, PRRH from each low power RRH, and the offset between them is defined as ΔP = Pmacro / PRRH, where ΔP is in the range roughly from 8 to 40 (accordingly 9 - 16dB). If the cell-specific parameter referenceSignalPower indicates the transmission power from the macro as in Rel-10, then by using the current path loss estimation method, the estimated path loss is derived as
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 (3)
Comparing equations (2) and (3), we can see that as ΔP is typically larger than 1, the estimated path loss is always larger than the real uplink path loss, and therefore it leads to too high initial uplink transmission power and strong interference before closed-loop power control convergence.
In the following discussions, we will analyze the impacts of this estimation error for various UE locations:
1. When 1/L0 >> ∑1/Li, i.e. the UE locates at the very center of the macro, the estimation error is negligible. Then no additional enhancement is required for this particular case.
2. When 1/ΔP × ∑1/Li >> 1/L0, i.e. the UE locates very close to one of the RRHs, the estimated path loss is about ΔP times of the real path loss, e.g. maximum of 16 dB too high in the particular case of scenario 4. This fixed error can be compensated by a UE-specific scaling parameter at the cost of extra downlink signaling overhead.
3. When 1/L0 and ∑1/Li have similar order of magnitude, i.e. the UE’s location has comparable distances from the macro and from one or several of the RRHs, the estimated path loss is δ times stronger than the real uplink path loss, where 1 < δ < ΔP. Since neither the eNB nor the UE knows the value of δ under current path loss estimation framework, no simple enhancement solution is available. In other words, in this case a legacy UE has no way to measure 1/L0 and ∑1/Li separately, in order to properly calculate the effective uplink path loss.
In summary, under current Rel.10 open-loop power control mechanism, i.e. CRS based measurement with only one broadcasted parameter of reference signal power being used as a reference, overestimated uplink path loss and strong interference seems unavoidable for most UEs, especially for PRACH transmission. To solve this problem, enhancements to the current open-loop power control method may be motivated, however first one should study whether the existing uplink power control could be used to avoid biggest problems by proper parameterization.
Observations:

· Current open-loop power control mechanism may lead to overestimated path loss in scenarios involving nodes with different transmit powers.

· Studies are needed to determine whether existing UL PC can be parameterized to minimize the impact of the overestimated path loss.

4 Potential solution without standardization impact
In Section 3, we have observed that current Rel-10 path loss estimation method could cause excessive initial uplink transmission power and strong interference to other UEs’ uplink transmission. Though this inaccurate initial uplink transmission power could be compensated by later closed-loop power control, the transmission power of preamble is still very problematic. Therefore, preferred optimization solution should not only rely on closed-loop power control and should introduce no standardization impact in order to support Rel-11 UEs as well as legacy UEs.
The transmission power of a preamble is determined as [4]
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(4)
where PLc is the downlink path loss estimate calculated in the UE, and PREAMBLE_RECEIVED_TARGET_POWER is defined as received target power of preamble at eNB. For some UEs in non-uniform network, PLc is overestimated with a path loss estimation error PLerror. In order to achieve correct preamble transmission power, the higher layer configured preamble received target power PREAMBLE_RECEIVED_TARGET_POWER could be set lower than the real target of preamble received power when assuming correct path loss estimation at UE side. In [5], PREAMBLE_RECEIVED_TARGET_POWER is calculated according to

[image: image6.emf]𝑝𝑟𝑒𝑎𝑚𝑏𝑙𝑒𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑𝑇𝑎𝑟𝑔𝑒𝑡𝑃𝑜𝑤𝑒𝑟   +   DELTA _ PREAMBLE   +   ( PREAMBLE _ TRANSMISSION _ COUNTER   –   1 )   ∗   𝑝𝑜𝑤𝑒𝑟𝑅𝑎𝑚𝑝𝑖𝑛𝑔𝑆𝑡𝑒𝑝 .  

(5)
For the very first preamble, PREAMBLE_RECEIVED_TARGET_POWER is basically determined by the cell-specific parameter preambleInitialReceivedTargetPower. So setting a lower preamble received target power means eNB needs to broadcast a lower value of preambleInitialReceivedTargetPower. In theory, the negative offset Poffset should equal to the maximum possible path loss estimation error, i.e. the transmission power difference between macro and RRHs. When eNB employs the proper value for preambleInitialReceivedTargetPower, no UE will transmit too strong preamble power and to a large extent inter-user uplink interference could be avoided, because the transmission power error PLerror - Poffset is a negative value now. However, because the parameter preambleInitialReceivedTargetPower is cell-specific and applies to all UEs in the cell, some UEs who originally estimate near-accurate path loss, e.g. macro-centre UEs, will derive a too low initial preamble transmission power and therefore most likely fail to access the network at the beginning. Fortunately, as shown in formula (5), random access procedure has a preamble power ramp-up mechanism, which will increase the preamble transmission power incrementally until eNB successfully decodes the preamble. Such power ramp-up mechanism will guarantee eventual random access success, though larger access delay is expected for macro-centre UEs. The number of preamble transmission and the total ramp-up power from the first to the last preamble are both UE-specific. RRH-centre UEs may not need power ramp-up, and macro-centre UEs may have large ramp-up power. Ideally, the total ramp-up power can be expressed as ΔPrampup ≈ Poffset - PLerror.
In [4], the transmission power for PUSCH, PUCCH and SRS are given by
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We can see from these equations that the transmission power of PUSCH/PUCCH/SRS all depend on the estimated path loss. When the path loss is overestimated, further compensation is obviously required. We must notice that the estimated path loss not only affects the value of PLc, but also the last element fc(i) and g(i) in the equations, as the initial values fc(0) and g(0) both include the total power ramp-up ΔPrampup. Then the factor derived from path loss estimate in the equations is PLc + ΔPrampup, assuming αc = 1. As we have known, UE having the largest path loss estimation error ideally has zero ramp-up power, and on the contrary, UE estimating accurate path loss has largest ramp-up power. One can easily deduce that the sum of path loss estimation error and total ramp-up power for all UEs is PLerror + ΔPrampup ≈ Poffset, which is actually the unwanted part of the uplink transmission power and normally equals to the downlink transmission power difference between macro and RRHs. Apparently, this constant value can be easily compensated in the cell-specific parameters P0_NOMINAL_PUSCH and P0_NOMINAL_PUCCH.
All in all, in non-uniform network, only some eNB implementation issues need to be considered to solve the uplink power control problem. Particularly, three broadcasted parameters preambleInitialReceivedTargetPower, P0_NOMINAL_PUSCH and P0_NOMINAL_PUCCH need to be set lower than the value derived in the legacy procedure. The decreased amount of these values could be the same and equals to the downlink transmission power difference of the nodes.
Observations:

· For heterogeneous network, the power control problem could be solved without any standardization impact.
· Three broadcasted parameters preambleInitialReceivedTargetPower, P0_NOMINAL_PUSCH and P0_NOMINAL_PUCCH should be properly set in eNB according to realistic network deployment.
5 Conclusions
In this contribution, we discussed some open issues of uplink power control enhancements in the new deployment scenarios. Our observations are summarized as follows:
· Current open-loop power control mechanism may lead to overestimated path loss in scenarios involving nodes with different transmit powers.

· Studies are needed to determine whether existing UL PC can be parameterized to minimize the impact of the overestimated path loss.
· For heterogeneous network, the power control problem could be solved without any standardization impact.

· Three broadcasted parameters preambleInitialReceivedTargetPower, P0_NOMINAL_PUSCH and P0_NOMINAL_PUCCH should be properly set in eNB according to realistic network deployment.
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