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Discussion and decision
1 Introduction

In the enhanced UL study item description [1], UL improvements for new deployment scenarios are mentioned as one topic to be studied. In the coordinated multi-point (CoMP) transmission study item, four deployment scenarios were agreed in simulation assumptions for CoMP evaluations[2]. Among these scenarios, scenario 4, i.e. network with low power remote radio heads (RRHs) within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell, is actually a single-cell scenario which has received significant attention, and become an important new deployment scenario for uplink/downlink MIMO enhancements in Release 11.
In this contribution, we discuss some enhancement issues for uplink in this new deployment scenario with distributed transmission/reception points. One aspect is enhanced uplink power control scheme that was also investigated in [3]. Another issue is uplink aided downlink transmit point association.
2 Uplink power control
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 calculated at UE side based on a broadcasted parameter referenceSignalPower of CRS transmission power and the reference signal received power (RSRP) at the UE.
2.1 Problem of current power control mechanism
However, 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 is very different (from 9dB to 16dB difference). When CRS is transmitted from all transmit points (including macro and all RRHs) simultaneously, which is very likely due to better CRS coverage and potential PDCCH spatial multiplexing, 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.
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. The long-term path loss is applied to both uplink and downlink. Then the real uplink path loss can be expressed as

[image: image1.emf]𝐿 𝑈𝐿 = 1 σ 1 𝐿 𝑖 𝑁 𝑖 = 0 = 1 1 𝐿 0 + σ 1 𝐿 𝑖 𝑁 𝑖 = 1   .  

(1)
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 (9 - 16dB). If the cell-specific parameter referenceSignalPower indicates the transmission power from the macro, then by using the current path loss estimation method, the estimated path loss is derived as
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 (2)
Comparing equations (1) and (2), we can see that as ΔP is typically larger than 1, the estimated path loss is always larger than the real uplink path loss, therefore it leads to overmuch 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. 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. 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.

2.2 Open-loop power control enhancements

Based on the mathematic derivations in section 2.1, we can see that for the new deployment scenario of CoMP scenario 4, path loss components 1/L0 and ∑1/Li need to be separately measured in open-loop power control stage in order to achieve accurate path loss estimation. According to equation (2), if the transmission power offset ΔP is known by the UE, only one of the two components 1/L0 and ∑1/Li needs to be estimated, and the other could be easily worked out thereafter.
In the current open-loop power control scheme, CRS has been used to measure the RSRP in equation (2). Accordingly, to further estimate 1/L0 or ∑1/Li, other reference signal, e.g. CSI-RS, may need to be exploited to measure CSI-RS based RSRP. In order to reduce UE computation complexity, measuring L0 is a simpler way. Then we have the estimated path loss from the macro to the UE as
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Considering equation (2), the estimation value of ∑1/Li can be derived as
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Then the final estimated uplink path loss can be expressed as
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From equation (5) we can see that, besides the broadcasted parameter referenceSignalPower and the CRS based RSRP measurement, two new values need to be signalled or measured in this enhanced path loss measurement scheme. They are the downlink transmission power offset ΔP  between the macro and one RRH signaled to the UEs, and the CSI-RS based RSRP from the macro signaled from the UE to the eNB. Hence in addition to the downlink transmission power offset, the eNB needs to broadcast the CSI-RS port configuration of the macro to all UEs.
We note that this open-loop power control enhancement requires new signaling and CSI-RS based RSRP measurements. These new features clearly are not supported by legacy UEs of Rel.10 or previous releases. So for legacy UEs, the path loss estimation problem remains open. When the network serves both Rel.11 UEs and legacy UEs, which is likely in the near-to-medium future LTE networks, proper initial power control of only some of the UEs cannot guarantee an appropriate overall interference level. Then it seems finding a good solution for legacy UEs is the key point in this power control enhancement for CoMP scenario 4. For legacy UEs, all solutions involving new signaling and/or new reference signal aided RSRP measurements are impracticable, i.e. existing specification should be used. So far, we do not have other better solutions. But the power control problem in CoMP scenario 4 is already clear, and should be further evaluated in the enhanced uplink study item.
Observations:
· For Release 11 UEs, the UL PC problem could be solved by introducing new schemes.

· However, the key point is to find solutions that solve the problem for all UEs, including legacy UEs.
3 Uplink aided downlink transmit point association

For PDSCH transmission or potentially enhanced-PDCCH transmission in CoMP scenario 4, the network needs to dynamically determine which transmit point(s) have the best radio links to one particular UE, and should be used for downlink transmission to the UE. This transmit point selection is called “downlink transmit point association”, and should be UE-specific.
In practice, the downlink transmit point association does not need to be changed rapidly, and could rely on long-term large scale channel information, e.g. path loss. The path loss from each transmit point to the UE could be measured at the UE side and then be reported to the eNB, or could be directly estimated at eNB side based on uplink transmissions. In the former scheme, since all transmit points share the same cell ID, the path loss estimation has to rely on CSI-RS based measurements. According to the sparse density of CSI-RS, the path loss estimation performance is unclear. This approach also increases UE implementation complexity.

Another scheme is using uplink transmissions, e.g. SRS, PUCCH or PUSCH, to estimate uplink path loss at network, and further select downlink transmit points. As the downlink transmission power from the macro and the RRHs is not the same, this fixed power offset should be considered in the selection. The benefits of this approach are less UE complexity, less feedback overhead and no standardization impact. But the mismatch between uplink and downlink channel may have a negative impact. And the uplink capacity with large number of UEs is another issue.
Downlink transmit point association plays a key role to achieve performance gains in this new non-uniform deployment scenario. How to make proper downlink transmit point association needs further discussions and evaluations.
4 Conclusions
In this contribution, we discussed some open issues of uplink enhancements in the new deployment scenario (CoMP scenario 4). Our observations are summarized as follows:
· Uplink power control
· 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 Release 11 UEs, the UL PC problem could be solved by introducing new schemes.

· However, the key point is to find solutions that solve the problem for all UEs, including legacy UEs.
· Uplink power control enhancements for this new scenario need further study.
· Downlink transmit point association

· Transmit point selection could be based on CSI-RS aided estimation by the UE, or uplink measurement at the eNB. Both approaches have their advantages and disadvantages.
· This issue should be kept open for further study.
5 References

[1] 3GPP, RP-110448, Huawei, “SI proposal for Enhanced uplink transmission for LTE”

[2] 3GPP, R1-111125, NTT-DOCOMO, “CoMP simulation assumptions”
[3] 3GPP, R1-111598, Intel Corporation, “Uplink power control discussions for CoMP scenario 4”
[4] 3GPP, R1-111469, Samsung, “Discussions on CSI-RS port selection for non-uniform networks with low-power nodes”















