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1 Introduction

A study item on UMTS Heterogeneous Networks was started in RAN#56 [1]. Deployment of Low Power Nodes (LPNs) as a complement to a macro network aims at improving capacity and coverage.  In [2], we list some of the deployment scenarios we need to study as part of the study item. One important deployment scenario is when each LPN creates a separate cell within a macro network. We refer to this as co-channel deployment.  Another deployment scenario which is attractive in terms of qualitative aspects is the combined cell deployment where the LPN is part of the macro cell thereby avoiding frequent handovers, additional cell planning etc. An overview of combined cell deployment is given in [3]. 

A few questions were raised during the RAN1#72 meeting about the impact of propagation delay on the performance of combined cell. In this contribution we analyze the impact of propagation delay on the spatial reuse mode, where the common pilots from all the nodes are combined for CQI reporting and the actual data transmission from only one node. We show through analysis that propagation time difference does not cause additional performance degradation. 

2 Interference Modelling

Consider a case where a UE uses the CPICH signals from a macro node and a number of LPNs for channel estimation, while the data channel to the UE is transmitted from only one node for simplicity. Assume we have Np LPNs deployed in a combined cell (per macro node). The received signal during a slot can be written as follows:
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(1)
where 
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 denotes the channel between the macro node and the UE,  
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 is the channel between the jth LPN and the UE.  Note that the channel is represented by a Toeplitz matrix. The vector 
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 denotes the common pilot chip sequence, 
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 denotes the control channel chip sequence from the macro node, and 
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 denotes the data chip sequence from the macro node. Note that the same common pilot signals are transmitted from each node.  The control channel symbols and the data symbols are different from each node. Hence 
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 denotes the control channel chip sequence from node j, and 
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 denotes the data chip sequence from node j. The variables
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, respectively, are the transmitted power levels for the common pilot, control channels (overhead channels), and data channel (HS-PDSCH) from the macro node, and 
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, respectively, are the transmitted power levels for the common pilot, control channels (overhead channels), and data channel (HS-PDSCH) from the jth  LPN. 

The variable 
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 is the path gain from the macro node to the UE, 
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is the path gain from the jth LPN to the UE, and n is the additive white Gaussian noise which includes both the thermal noise and other-cell interference. Note that different UEs are served by the macro and the  LPNs.

Equation (1) can be written as 
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 Equation (2) can be written as  
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  (3)
In this contribution, we consider the case with  Np =1 .
3 Impact of Transmitter Separation
The received signals in a combined cell are a mixture of delayed versions of the basic signal. The delays are caused by
a. Timing mismatch between nodes:  This occurs due to the synchronization errors between the oscillators of different nodes. This mismatch will be in the order of a few nano seconds.  Since in a combined cell, all the nodes are tightly coupled to the central node, we do not expect a significant timing mismatch occurring between the signals from the two or more nodes.  

b. Propagation time difference:   Since the nodes are separated by some distances, the time to reach the receiver is different. This extra delay causes additional multipath. This delay is in the order of microseconds, and the performance might be impacted due to this propagation delay.  



[image: image19]
In this contribution, we focus on the performance impact due to propagation time difference between two nodes. Consider a very simple example below; Let the two nodes be separated by distance L, the signal received from Node 2 can be seen as a delayed version of the signal coming from Node 1. The delay is proportional to D2-D1.  Hence the channel delay spread is extended due to the propagation time difference as shown in Figure 3.  Note that Cd is the delay in chips which depends on the D2-D1.  
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Figure 2: Equivalent channel model due to difference in propagation delay between two nodes.
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Figure 3: Simple one-path example, aligned paths versus non-aligned paths from multiple nodes.

A simple example is illustrated in Fig. 3. Consider the case where the paths from Node 1 and Node 2 are aligned, here hi is the channel coefficient associated with the path from Node i, sp is the common pilot signal (same in both nodes), and si is the data symbols from Node i (different symbols in different nodes). In the discussion below, we consider symbol s1 as the desired symbol. In the channel estimation process, the receiver correlate with the common pilot signal and observes that there is one only path. Since the pilot signal is the same from both nodes, the estimated channel coefficient will be 
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. This results in the receiver places a finger at the detected path delay (as indicated by the finger position in Fig. 3) and correlates with the spreading code (OVSF plus scrambling) used by si. This correlation results in a despread value
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. Note that the second term is the interference term from spatial reuse. Also note that since symbol s2 uses the same spreading code, there is no processing gain against the interference term. The decision variable for detecting symbol s1 is obtained by multiple the complex conjugate of the estimated channel coefficient with the despread value
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Note that the desired term associated with s1 is interfered by the unwanted term
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, which makes the desired term reduce in amplitude and cause a rotation as illustrated in Fig. 4. The second term, 
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Figure 4: Degradation to the desired term (reduced in magnitude and rotation).

Consider now the case with non-aligned paths in Fig. 3. The path searcher by correlating with the pilot signal will identify two paths and thus place two fingers at the indicated positions. The estimated channel coefficients for the two paths are respectively 
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, assuming the channel estimator uses sufficient smoothing and the interference contributed by the data symbols will be minimal. The despread value from the first finger will be 
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, where N is the processing gain against interference from the 2nd path. Similarly, the despread value from the second finger will be 
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. Multiplying the despread values with the complex conjugate of their respective estimated channel coefficients and combining the products gives
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Compared to the path-aligned case, the term associated with s1 causing rotation and reduction in signal amplitude is reduced by a factor N. Furthermore, it can be shown that the additive interference term also has a smaller variance. Thus, we expect that the non-aligned case will perform better than the aligned case in a scenario where there is a pilot mismatch.
4 Summary and Conclusions

In this contribution, we analysed the impact of propagation delay on the link performance of spatial reuse mode in a combined cell network, considering a pilot mismatch situation. According to our analysis, propagation time difference does not cause additional performance degradation. 
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Figure � SEQ Figure \* ARABIC �1�: Example of a two-node case
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