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Introduction
Interference management is a major issue for next generation cellular networks. Rel 8/9 UEs mainly rely on frequency domain solutions where an eNB can pass or request information from a neighbouring eNB about its planned power allocations in each PRB [1, Section 13.3]. Such solutions prove insufficient for a heterogeneous network setting involving pico and femto nodes in close proximity to a macro eNB and having different transmit power characteristics. Rel-10 thus introduced the concept of Almost Blank Subframes (ABS) where the macro node can cease data transmission or transmit only to its cell centre UEs with low power and thus protect the transmissions from the pico/femto nodes [2, 3]. The ABS subframes do have to carry essential system and control information and thus the interference from control symbols in the ABS is still an issue for pico/femto nodes. If a normal subframe is configures as ABS, the interference from the CRS symbols is a major issue especially because of power boosting [4]. This could be partially alleviated by configuring a MBSFN subframe as ABS. However subframes 0, 4, 5, 9 carry important system information and can’t be configured as ABS.  

Rel-11 introduces the possibility of CoMP and coordination between two nodes to transmit data to a UE. Such cooperation in a subframe is more general than one of the nodes transmitting an ABS in that subframe. Various CoMP scenarios have been identified by 3GPP. Out of this Scenarios 3 and 4 represent the case of distributed RRHs within a macro cell having different and same cell-ids as the macro cell respectively. There have been extensive study and discussion about various CoMP scenarios, subframe assignments and signal processing [5, 6, 7, 8]. As a means of progressing further various guidelines have been stated in [9]. 
When designing the system for CoMP, the eNB must take into account the potential subframes over which this is possible (MBSFN subframes only), the relative number and location of legacy UEs in the system, as they can’t engage in CoMP. In our opinion it is important to keep the interests of legacy UEs high as they would dominate the network for some years and there would only be a gradual phase-in to more advanced UEs. In this contribution we show a typical network scenario involving a macro cell, RRHs and different UE types (legacy or advanced) and present possible subframe assignments and transmission schemes to the UEs. We present two possible types of allocation – one which favours legacy UEs and one that favours newer UEs.  
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A Potential Network Deployment 
A possible network deployment is shown in Fig 1 showing a macro and 3 RRHs in the macro coverage area. There are 3 UEs attached to the macro (MUE 1 – 3) and 3 attached to the RRHs (PUE 1 – 3). 
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Fig 1:  A heterogeneous network setting

Note that the number of interferers and type of interference depends on the UE and RRH locations. In Fig 1 for example, MUE 1 and PUE 1 are cell center UEs to the macro and RRH 1 respectively and observe relatively less interference. MUE 2 and PUE 2 lie in the cell edge of the macro and RRH 1 and suffer interference from one source. MUE 3 and PUE 3 lie in the cell edge of RRHs 2 and 3 and also the macro and suffer from interference from two sources. Note that the RRHs are expected to be deployed near cell edges (as cell edge UEs most benefit from CoMP), in a planned manner.  We thus believe that the cases shown in Fig 1 would be the dominant scenarios in future networks as in a planned deployment, the possibility of three of more RRHs in close proximity would be less. 
For MUE 2, MUE 3, PUE 2 and PUE 3 interference management needs to be done. The scheme would depend on the type of the UEs – if they are Rel 8/9, 10 or 11. Different UEs can be scheduled in different kinds of subframes. There different types of subframes are shown in Fig 2. Note that some control symbols such as CSI-RS for MBSFN subframes and also PSS/SSS/PBCH symbols are not shown for purposes of simplicity, but their presence is implicit. 
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Fig 2: Different subframes  types ; not all control signals (e.g. CSI-RS in MBSFN) are shown for sake of simplicity 
In this contribution we present a frame diagram showing possible allocation of subframes and indicate in which suframes various macro and RRH UEs can be scheduled. Note that a Rel 8/9 UE can be scheduled in Normal subframes while Rel 10/11 UEs can also be scheduled in MBSFN subframes. For Sections 4 and 5, we focus on CoMP scenario 3 where the macro and RRH have different cell IDs. 
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Subframe Assignment Favouring Legacy UEs 
Fig 3 presents a potential subframe allocation. 
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Fig 3: Potential allocation of different types of subframes in a frame that favours legacy UEs.
Note that we consider CoMP scenario 3 where the RRHs have different cell-IDs than the macro and hence subframe shifting is used to prevent collision of system information. Table 1 shows the subframe numbers (in terms of macro timing) in which the different UEs can be scheduled. 

	             

              
	Rel-8/9 
(no CoMP, CRS) 
	Rel-10

(no CoMP, CSI-RS)

Additional Subframes over Rel 8/9 
	Rel 11 

(CoMP, CSI-RS)

Additional Subframes over Rel 8/9/10

	MUE 1 (cell center)
	0, 4, 5, 9
	1, 2, 3, 6, 7, 8
	None

	PUE 1  (cell center)
	1, 2, 6, 7
	0, 3, 4, 5, 8, 9
	None

	MUE 2 (1 interferer)
	0, 9 
	1, 2, 8 
	None 

	PUE 2  (1 interferer)
	6, 7 (multiplexed) 
	3, 4, 5
	None

	MUE 3 (2 interferers)
	0, 9 
	1, 2, 8
	None

	PUE 3  (2 interferers)
	6, 7 (multiplexed)
	None 
	3, 4, 5 (RRH-RRH CoMP) 


Table 1: List of subframes in which different UEs could be scheduled. Subframe numbering is wrt the macro. For example when PUE 1 is of type Rel -8, it is scheduled in subframes timings 1, 2, 6, 7 of the macro, which are subframes 9, 0, 4, 5 of the RRHs. Note that these same subframes are also used by a Rel-8 MUE 1. 
In presenting this allocation we have assumed that CoMP could occur only between two RRHs as it is slightly easier to perform CoMP between homogenous nodes. Also in ABS frames originating from a node, that node can schedule only its cell center UEs. In the proposed allocation there are 4 normal subframes (2 of which are ABS) and 6 MBSFN subframes (3 of which are ABS) in both macro and RRH. Also note that if two RRHs that are close together, say for example RRHs 2 and 3, they can have a different pattern of Normal ABS frames to provide protection to each other’s transmission. 
Thus there are sufficient subframes where legacy UEs can be transmitted. The term sufficient is of course relative and will be made clear from corresponding diagrams from Section 4. Also note that the subframes that must be configured as normal (0, 4, 5, 9) are the only ones that have been configured as normal. We believe that with time, more UEs would be of Rel 10/11 and thus all the remaining subframes should be configured as MBSFN to fully exploit the advance features of these releases. 
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Subframe Assignment Favouring New UEs 

Figure 4 presents and subsequently Table 2 discusses an alternate subframe allocation that has more MBSFN subframes for both macro and RRH nodes, thus favouring newer UEs.  
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Fig 4: Potential allocation of different types of subframes in a frame that favours new UEs.
	             

              
	Rel-8/9 

(no CoMP, CRS) 
	Rel-10

(no CoMP, CSI-RS)

Additional Subframes over Rel 8/9 
	Rel 11 

(CoMP, CSI-RS)

Additional Subframes over 
Rel 8/9/10

	MUE 1 (cell center)
	0, 4, 5, 9
	1, 2, 3, 6, 7, 8
	None

	PUE 1  (cell center)
	1, 2, 6, 7
	0, 3, 4, 5, 8, 9
	None

	MUE 2 (1 interferer)
	9 
	1, 2 
	3, 8  (Macro-RRH CoMP) 

	PUE 2  (1 interferer)
	6, 7 (multiplexed) 
	4, 5
	3, 8  (Macro-RRH CoMP)

	MUE 3 (2 interferers)
	9 
	1, 2 
	3, 8  (Macro-RRH-RRH CoMP)

	PUE 3  (2 interferers)
	6, 7 (multiplexed)
	None 
	3, 8  (Macro-RRH-RRH CoMP)

4, 5 (RRH-RRH CoMP) 


Table 2: List of subframes in which different UEs could be scheduled. Subframe numbering is wrt the macro. For example when PUE 1 is of type Rel -8, it is scheduled in subframes timings 1, 2, 6, 7 of the macro, which are subframes 9, 0, 4, 5 of the RRHs. Note that these same subframes are also used by a Rel-8 MUE 1.
It can be seen that there are now more MBSFN subframes now in the new allocation for both macro (4 as opposed to 3) and RRH (5 as opposed to 3) and lesser normal subframes. Thus more favour is placed on new UEs. Also note that CoMP between macro and RRH is allowed and some subframes (3 and 8 in the example) are reserved for this purpose.  
Proposal: The ABS pattern used by the macro and RRH should be carefully selected according to the percentage of legacy UEs and new Rel-10/11 UEs in the network.  

Proposal: Current networks should still favor legacy UEs and this should reflect in the subframe allocations. Allocations that favor newer releases of UEs should be gradually adapted over time.
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New CoMP Scenario based on Static Clustering
CoMP scenarios 3 and 4 trade off increased cell splitting gain and decreased interference respectively. Depending on traffic load in the system one may be more favorable than the other. If we consider a group of nodes that have the same ID as a cluster, then these two schemes lie in extreme ends of single node and multiple node clusters. Note that the most efficient way would be to do dynamic clustering [10] and group RRHs in close proximity and assign them a common cell ID. But such an approach will have large overhead. But static clustering schemes could still be implemented where a group of RRHs have the same cell ID. Such schemes can capture the advantages of both Scen 3 and 4. 

Proposal: Sets of RRHs and/or the macro could be grouped together and assigned a common cell ID. This grouping can be static or RRC configured in a semi static basis, so as to keep the complexity manageable.   
Proposal: Define a new CoMP scenario where the macro has cell ID 1 and all the RRHs have the same cell ID 2.
We do not claim that the above proposal is the optimal way to do static clustering, but note that nodes in a cluster are homogeneous and this should be useful in designing signal processing algorithms within a cluster.
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Conclusion 

In this contribution we have discussed several design aspects of CoMP networks and have the following recommendations
Proposal 1: The ABS pattern used by the macro and RRH should be carefully selected according to the percentage of legacy UEs and new Rel-10/11 UEs in the network.  

Proposal 2: Current networks should still favor legacy UEs and this should reflect in the subframe allocations. Allocations that favor newer releases of UEs should be gradually adapted over time.
Proposal 3: Sets of RRHs and the macro could be grouped together and assigned a common cell ID. This grouping can be static and RRC configured in a semi static basis, so as to keep the complexity manageable.   
Proposal 4: Define a new CoMP scenario where the macro has cell ID 1 and all the RRHs have the same cell ID 2.
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