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1
Introduction
Coordinated Multipoint Transmission/Reception (CoMP) [1] is considered to be an important feature for Rel-10 LTE-Advanced technology as this enhances data rates of the UEs. CoMP involves multiple cells cooperating together to transmit to a single UE. In the future it is envisaged that there will be networks which will have a mixture of Rel 8 LTE UEs that do not support CoMP and Rel-10 UEs that have the option of using the CoMP mode. If a UE is using the CoMP mode, the transmission set or the cells that cooperate to transmit to it, needs to be decided. Instead of forming fixed transmission sets based on cell geometry it is better to form these dynamically based on the UE link gains to the various cells [2]. Thus there is need for efficient portioning of BS resources, such as time, bandwidth and also assigning BSs to cooperating sets of different UEs so that there is seamless operation of both Rel-8 and Rel-10 UEs. In this contribution we propose a network algorithm in which a Rel-10 UE chooses the BSs to be in its cooperating set and a BS partitions its bandwidth to serve its own UEs and UEs from other cells that have requested it to be in its cooperating set.  

2
Discussion

2.1
      Background 
A. CoMP: Basic Introduction and Definitions 
In traditional cellular systems, each cell transmits to its own UE and in the process creates interference to UEs in adjacent cells. This is illustrated in Fig 1a). However in CoMP based systems, multiple BSs can coordinate to transmit to a UE as shown in Fig 1b). There is rate gain from both coordination and also elimination of interference. 
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Figure 1: A graphical illustration of No CoMP and CoMP based cellular systems 

CoMP strategies fall into the following two categories [1] 

a) Coordinated scheduling and/or beamforming (CS/CB) 

i) Data to a single UE is instantaneously transmitted from one of the transmission points

ii) Scheduling decisions are coordinated to control e.g. the interference generated in a set of coordinated cells.

b) Joint processing/transmission (JP)

i) Data to a single UE is simultaneously transmitted from multiple transmission points, e.g. to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs.

The first step in any CoMP scheme, such as CS/CB or JP is to decide which BS will cooperate for a given UE. In [3] these terms are introduced 

i. CoMP measurement set: Set of cells for a given UE whose link gains matrices are measured by the UE

ii. CoMP Cooperating set: Set of cells that cooperate to transmit to a given UE.  

In CS/CB user data need not be shared amongst cells in the cooperating set but in JP data needs to be shared. 

B. Formation of CoMP Cooperating Sets
The layout of cells is shown in Fig 2. We consider a 57 cell network organized in groups of 19 such that the base stations of the 3 cells within each group are co-located. When there is no coordination, each UE is served by its serving cell. In case of CoMP, groups of cells can serve a given UE. Such groups can be formed either in a static way depending on cell geometry or dynamically, based on the link gains of the UEs to the cells. We describe both methods briefly
a) Static Cooperating Set Formation 
In this case the clusters of cells are formed apriori to the UE signaling and reporting of link gain values to different cells. The formation of clusters is based on geometry. Figure 3 shows two such configurations. In the first one adjacent sectors belonging to different cell sites coordinate while in the second configuration, the three sectors belonging to the same cell site coordinate. For graphical clarity only one coordinating set is illustrated in the figure, the others can be obtained by repeating the pattern over the entire cellular area. In each case the cooperating set consists of three cells and they serve all the UEs that are associated with any one of the three cells. Static cooperating sets have been considered by many works [4,5,6].  [image: image2.png]



              Figure 2: System Layout showing 57 sector cellular layout 
b) Dynamic Cooperating Set Formation 

The problem with static cooperating set formation is that for a given UE, the cells that have the strongest link gain to it, after its serving cell, may not lie in its cooperating set. These cells would then cause strong interference. This is possible due to the random nature of link gain of which the random shadowing component is the biggest factor. Thus in another way of forming the cooperating set of a given UE, the UE first determines the cells with the strongest link gains (by measuring the RSRP of all cells and finding out which ones lie within a threshold of the serving cell) and then reports this to its serving cell. The serving cell then decides to form a cooperating set with these cells. Such approaches have been considered in [7,8]  
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(a) No Coordination amongst the cells, each BS transmits to only its UE
BS2

(b) Coordination amongst the cells, each BS transmits to both UEs
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Fig 3: Fixed Cell Clustering

C. Fractional Frequency Reuse 

In such cases, the total available spectrum is partitioned into disjoint bands to transmit to different UEs. This mitigates the problem of interference and allows each cell to perform SU MIMO algorithms in these  disjoint bands. The other alternative would have to transmit to the different UEs in the total band but use MU-MIMO beamforming to mitigate interference. The former approach of frequency partitioning is easier to implement. Often different frequency bands are used for transmitting to uses in the cell edge as they are the most prone to interference. Such approaches have been considered in [9].

2.2       Description of Algorithm

Any technology is introduced in a phased manner and has to be backward compatible with the older versions. Similarly we feel that when LTE-A would be introduced to the market, LTE supported UEs would already be prevalent. Thus BSs that are enabled with LTE-A software might have to operate in a network which has a mixture of LTE and LTE-A supported UEs. Also we envisage that the CoMP capability of LTE-A can be an optional feature and UEs who want to avail of it have to pay more. Thus we see that the CoMP operation happens sporadically in a network and is not constant over time and area of the cellular region. In this contribution, we outline an algorithm to be followed by the UEs and the BSs so that each BS can determine whether it has to be a part of a cooperating set and if so then how much of its resources (e.g. power, bandwidth) to allocate in this cooperative transmission. Our contribution allows for co-existence of LTE and LTE-A enabled UEs assuming that BSs are capable of running both protocols. 

This problem is of interest as in the baseline case of LTE Rel-8 no cooperation; each BS allocates all its resources to serve its user. However in Rel-10 CoMP this BS can be in the cooperating set of some other UE due to which some of the resources are now spent for cooperation. So a BS has to maintain a sense of fairness to its own UEs during the process of cooperation. Note that if all the UEs were following CoMP, they would all have a set of BSs transmitting to them and then an individual BS doesn’t need to worry about this fairness issue. However as we just mentioned we feel that, initially the network would consist of both kind of UEs – those that have CoMP capability and those that do not. 

Based on these considerations we first lay down the salient features of our algorithm

a) We adopt a dynamic formation of cooperating sets . At each TTI, each cell selects a UE for reception based on PF criterion. If this UE wants to avail of the CoMP mode then it reports to its serving cell, the cell-id of the next strongest cell.

b) Each cell divides the total bandwidth W into two parts by a factor α. It uses bandwidth αW to serve its own UEs and uses (1- α)W bandwidth to serve an UE that has requested for cooperation. For fairness we assume that α > 0.5. If no UE requests a cell to be in their cooperating set, then the cell sets α = 1, i.e. used the full bandwidth to serve its UE. Note this is the baseline LTE case.
c) It is possible that multiple UE request the same cell to be in their cooperating sets. For simplicity we constrain a cell to be in the cooperating set of only another UE (apart from its own UE). If a cell receives multiple requests, it performs a PF scheduling amongst these UEs. It thus calculates the rate gain to those UEs if it decided to transmit to any one of them and takes the ratio of this quantity to that UE’s average rate. Note that this PF is different from the initial PF round, in which instantaneous rates were calculated assuming no CoMP. 
The process by which a BS (say BS 0) decides to be in the CoMP cooperating set of another UE is shown below
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Fig 4: The Frequency Partitioning Scheme 

Once Cell 0 decides which UE to serve the rest of the algorithm can be illustrated by the Fig 4. Let UE n  be CoMP enabled while UE 0 be not. UE n requests cell 0 to be in its cooperating set and cell 0 agrees. Cell 0 partitions its bandwidth into two parts and uses αW bandwidth for transmitting to UE 0 using SU transmission techniques. The remaining bandwidth (1-α)W is used to transmit to UE n using CoMP with cell n. BS n transmits to UE n using the entire bandwidth W. Since UE 0 is not CoMP enabled, it sees interference from cell n. 

In practice αW will be implemented in a discrete manner. For a 10 MHz bandwidth there are 50 PRBs per TTI. BS 0 could allocate N of them to UE 0 where N > 25 and 50 – N to UE n. 


The flowchart of the entire algorithm is 





3
Conclusion

This proposal is an algorithm for enabling non-CoMP Rel-8 and CoMP enabled Rel-10 UEs coexist in a cellular network. The algorithm can be implemented with minimum complexity and gives flexibility to all UEs and BSs involved in the system. This proposal also gives is a new dynamic algorithm for forming a CoMP cooperating set. The UE initiates this cooperating set formation by sending requests to BSs and the BS chose only one UE in order to minimize computational complexity. 
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Step 1

Let for UE i, i = 1,2,…,K, BS 0 has next strongest link gain after BS i. Hence each of UE i asks BS 0 to be in its cooperating set along with BS i 

Step 2a

Let average rate of UE i, i = 1,2,…,K, be Ti. Assuming BS 0 serves only UE i, then let the instantaneous rate to UE i with CoMP (i.e. BS 0 and BS i forming the cooperating set) be RC(i,0)   



Step 2

BS 0 chooses UE n such that n = argmax RC(i,0)/Ti. 
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