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Discussion and decision 
1 Introduction 
It was agreed in [1] that the uplink enhancement SI in Rel-11 should fulfil the following objectives:
·    Study and evaluate enhancement of the uplink reference signals, e.g.
· Frequency hopping with or without multi-shot SRS

· Aperiodic sounding based on non-precoded DMRS

· RS enhancement for cell-edge UEs, e.g., Orthogonal DMRS among cells  
·     Study and evaluate enhancements for transmission of UCI, 
· UCI enhancement on PUSCH, e.g. UCI-only transmission with rank 2 and 16QAM
· the need for UCI enhancement on PUCCH is to be justified
· Study and evaluate improvements for new deployment scenarios including higher mobility and non-uniform network deployments with low-power nodes, and improvements that address issues (e.g., relative phase discontinuity) in practical multi-antenna UE implementation
· uplink channel-independent MIMO schemes
· enhancements to uplink power control 
· Study and evaluate improvements for wireless backhaul, with up to 8 TX antennas supporting up to 4 layers transmission
In this paper, we consider several issues relating to UL Power control for a non-uniform deployment scenario with geographically distributed RRHs.  Such a MIMO system with geographically distributed RRHs is illustrated in Figure 1, where all the transmission points, including Macro and RRHs, share the same cell ID. In this figure, we assume that if a UE is far from any of the RRHs, then it is using so-called TP-common transmission to connect to the Macro-eNB as well as the other RRH TPs in the cell. Meanwhile, if a UE is close to one or a few RRHs, then it is using so-called TP(s)-specific transmission to communicate with the network. The blue lines indicate TP-common uplink transmissions that are received by both the Macro and the RRHs, whereas red lines indicate TP(s)-specific uplink transmissions that are received by nearby TP(s) only.  Our objective is to find a uplink power control mechanism that can help the UE save battery power whenever possible, while in the meantime ensures good connectivity for the UE in both TP-common and TP-specific transmissions. 
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Figure 1: Illustration of TP-common and TP(s)-specific communications in the Uplink of a MIMO system with distributed antennas.   All transmission points are assumed to have the same Cell ID.
2 Discussions
To strike a good balance between UE battery saving/network interference reduction and continuous connectivity, the uplink power control mechanism for such a network with distributed RRHs should be designed in a way such that 

· For TP-common transmissions, the UE transmits at relatively high transmission power to compensate for the larger pathloss between the UE and the transmission points; 

· For TP-specific transmissions, the uplink transmission power can be set at a relatively low value so that the UE can save battery power by talking to one of the nearby RRHs. 
In order to achieve this goal, several aspects of the system design need to be evaluated and possibly revised, including
· Pathloss estimation 

· Whether CRS or CSI-RS should be used for pathloss estimation
· Reference power setting at each TP

· UL PC equations with CSI-RS based pathloss  estimation

· When/how to switch between CRS-based PL estimate and CSI-RS based PL estimate. 

For each of these above system-design aspects, we will identify potential issues with the current design and consider some simple changes to the system that will allow us to achieve the design goal that we stated in the beginning of the section. 
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Figure 2: Illustration of PL estimate for a RRH system.

PL estimation:
Up to Rel-10, CRS is used exclusively for the PL estimation.  Since a set of CRS is uniquely defined for a given cell, this works well for all deployment scenarios where the transmission points of a given cell is centralized and uniform in its transmission power and other capabilities. However, for a non-uniform scenario such as a system that includes both the Macro-eNB and the distributed RRHs within the coverage of a single cell-ID, a CRS-based PL estimate (assuming CRS is transmitted by all TPs in an SFN fashion) is measuring an “averaged” version of the channel quality to the collection of TPs, and can no longer be associated with the physical channel quality between the UE and any individual TP in the system.  For example, consider the user illustrated in Figure 2 in such a MIMO system with distributed RRH. There could be a few different PL estimates (assuming the eNB is transmitting at 43dBM and the RRH is transmitting at 23dBm)

· CRS based  PL estimate (Macro-only and assuming all RRHs are  turned off)

· RSRP = -80 dBm

· PL_c1 = 43 +80 =123dB

· CRS based PL estimate (SFN for CRS)

· RSRP =  - 65 dBm (from  all nodes)

· PL_c2 = 43 + 65 = 108 dB 

· Actual PL estimate  to RRH (with correct reference power) 

· RSRP = - 67 dBm (RRH only)

· PL_c3 = 23+67 = 90 dB

It is evident from the above calculations that the CRS SFN PL_c2 estimate represents roughly an 18dB overestimate of the actual PL the UE experiences with the nearby RRH.  In another words, for TP-specific transmissions that targets this particular nearby RRH, using the Rel-10 UL PC equation and PL estimate will result in a UE transmitting at 18dB above necessary to reach RRH, and as a result waste of UE power and increase of network interference. It is further observed that this overestimate is mostly due to wrong assumption of reference RS power with CRS, which can be set at only one single value for a cell in Rel-10. 
Fortunately, this PL overestimate problem can be easily corrected by a few simple steps:
· For the kth TP, an additional PL estimate can be obtained using CSI-RS, denoted E_PL(k);
· For the kth TP, the reference transmission power of the CSI-RS is included in the broadcast message .
This will ensure that we have an accurate estimate of the PL from the UE to each of the neighboring TPs. 
UL PC equation:
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For TP-common transmission, the obvious choice is to let the UE reuse the Rel-10 equation and CRS-based PL estimate (here the example of PUSCH without PUCCH is used)
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On the other hand, for TP(s)-specific transmission, the only parameter we need to change is the pathloss parameter from  
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In case of a UE is only measuring one RRH, we simply have 
[image: image5.wmf],

cE

PL

=E_PL.  On the other hand, if the UE is mesuring more than one RRH and have more than one of the E_PL(k), then we have to devise a protocol for the UE to choose among the available E_PL(k), k=1, …, K values.

Overall operation and configuration of the UE

We provide the flow diagram of the UE operation taking into account the switching between the TP-common (Rel-10) transmission and TP(s)-specifc operation in Rel-11. Naturally, RRC-based signalling and semi-static switchng  is a baseline choice, which also makes the design very straightforward.  More details on TP assocation can also be found in our previous contribution in [2].
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Figure 3: Illustration of TP-common/TP-specific configurations and operations 

3 Conclusion
In this contribution, we consider the UL power control design for networks with distributed RRHs. In order to strike a good balance between UE battery saving/network interference reduction and continuous connectivity, the uplink power control mechanism for such a network with distributed RRHs should be designed in a way such that 

· For TP-common transmissions, the UE transmits at relatively high transmission power to compensate for the larger pathloss between the UE and the transmission points; 

· For TP-specific transmissions, the uplink transmission power can be set at a relatively low value so that the UE can save battery power by talking to one of the nearby RRHs. 

Accordingly, the following is proposed as a revision to the PL estimation equation used in Rel-10
· For the kth TP, an additional PL estimate can be obtained using CSI-RS, denoted E_PL(k)

· For the kth TP, the reference transmission power of the CSI-RS is included in the broadcast message .
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