3GPP TSG-RAN WG1 #56bis
R1-091470
March 23 – 27, 2009
Seoul, South Korea
Agenda item:
15.7
Source: 
Qualcomm Europe

Title: 
Measurements in support of LTE-A Techniques
Document for:
Discussion and Decision
1


Introduction 

Several techniques to improve system throughputs, cell-edge rates and overall user experience have been proposed for further advancements of LTE. In this document, we discuss the impact of the reference signal strength measurements on the support of these techniques. In particular, we propose that reference signal strength measurements be shared between neighboring eNBs to enable these techniques. 
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Discussion
2.1

Downlink Reference Signal Strength Measurements
Clearly, downlink reference signal strength measurements corresponding to neighbour cells are necessary and are supported in LTE Rel-8. Note that in addition to the usual functionality of enabling handover, reference signal strength measurements can support new features such as CoMP, relays and self-organizing networks (SON). 
For CoMP, neighbour reference signal strength measurements help in deciding which cells are the best to serve a given UE for cooperative multipoint transmission. This is applicable to various CoMP schemes such as Joint Processing, Cooperative Beamforming and Cooperative Silencing [1].  Note that in this case, reference signal strength measurements should be shared between neighbouring cells; this will be required for figuring out which cells serve a given UE as well as coming up with appropriate CoMP strategies. Further details on such CoMP strategies can be found in [1]. 
In LTE Rel-8, the reference signal strength measurements are performed using the common reference signal. However, this may not suffice in the case of LTE-Advanced, especially in the case of heterogeneous deployments. In a heterogeneous deployment, a UE may have to be served by a cell other than the one with strongest signal strength [2]. This could be due to different reasons. In a network with cells of different powers, it is beneficial to connect to the cell at the lowest pathloss from the UE in question (which may be different from the cell with the strongest signal strength) as it reduces the overall interference caused to the network. Similarly, in the case of Closed Subscriber Group (CSG) cells, the UE is often forced to connect to a cell that is not its strongest cell. Note that the reference signals in LTE Rel-8 may not suffice to perform accurate measurements on weaker cells in these scenarios.  Therefore new physical signals to allow for such measurements should be investigated. 
Note that such signals would be helpful in a Self Organizing Network (SON) as well, since an eNB could use them to detect neighbouring eNBs and configure itself accordingly. For example, a HeNB may observe its environment and choose a Physical Cell ID (PCI) that is different from all of these neighbours. Additionally, it could also report the reference signal strength measurements over a backhaul interface to the neighbouring eNBs. Such information may be used for better power control and interference management.
2.2

Uplink Reference Signal Strength Measurements
Similar to downlink reference signal strength measurements of neighbouring cells done by the UE, uplink reference signal strength measurements of the UE reference signals by neighbouring cells are also very useful. For example, it is easy to see that uplink reference signal strength measurements are needed to support uplink CoMP. To enable this, neighbouring eNBs need to be aware of the uplink reference signal used by a specific UE. For this reason, we propose that the information relevant to a UE uplink transmission (e.g. the SRS code and subframe used by the UE, the power at which such a sequence is transmitted) be shared with the neighbouring cells. Upon measuring the UE reference signals, the neighbouring cells can then share the reference signal measurements with each other. This, in turn, enables the right choice of serving cells as well as appropriate scheduling decisions.  
Such measurements not only help enabling uplink CoMP, but also can help in enhanced handover techniques that take uplink signal quality into account. This would be beneficial when a UE may have good serving cell quality to its serving cells, but poor signal quality on the uplink (e.g. due to different fading and interference conditions). If an eNB receives uplink signal strength estimates from the neighbouring cells, it could hand the UE over to an eNB with better UL channel quality. Note that such an enhanced handover is beneficial for both regular eNBs as well as relays. For relays, an eNB can take into account the qualities of the eNB-to-UE direct link, eNB-to-relay backhaul link and relay-to-UE access link before making an appropriate handover decision.

Also, note that the measurement of specific UEs can also be used in advanced interference management techniques (even in traditional macro deployments), as knowing the interference caused by a specific UE can be used to power control that UE. Uplink reference signal measurements can also be useful in solving the hidden node problem in a Self-Organizing Network. An eNB (say eNB1) may share the uplink transmission information of a UE (say UE1) with its neighbouring eNBs (e.g. eNBs in a given geographic area). A second eNB (say eNB2) which receives this information can search for UE1. Note that the eNB1 and eNB2 may not be able to detect each other directly, but cause interference to each other’s UEs. If, however, eNB2 detects this uplink transmission, it may take appropriate action (e.g. reduce its transmit power, move to a different carrier etc.), thus solving the hidden node problem. 
Different choices of reference signal channels for uplink measurements are possible. The Sounding Reference Signal (SRS) and Physical Random Access Channel (PRACH) are two examples of channels that may be well suited for such purpose. The performance and complexity of these and any other options should be investigated. 
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Conclusions

In this document, we have seen that sharing reference signal strength measurements between neighboring eNBs allows for a wide range of applications in the advancement of the LTE radio interface. Among other uses, reference signal strength measurements are either required or highly beneficial for downlink CoMP, uplink CoMP, relay support, enhanced mobility and self-organizing networks. 
Given these numerous benefits, we propose RAN1 to agree on the following principles 

· Support of mechanisms for uplink reference signal strength measurements

· Support of mechanisms to share both uplink and downlink reference signal strength measurements over a backhaul interface (e.g. X2) 
Further study by RAN1 is needed on the details of such reference signal measurements.  
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