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1 Introduction
Downlink Coordinated Multi Point (CoMP) transmission is one of the candidate technology components considered for the evolution of LTE (“LTE-Advanced”). Especially, downlink CoMP is seen as a possible way to further improve the average cell throughput as well as cell-edge user throughput. 

Downlink CoMP implies dynamic coordination among multiple transmission points.  In [1], some consensus has been reached on the aspects of coordinated multipoint (CoMP) transmission/reception. To be specific, the downlink coordinated multipoint transmission is mainly characterized into two classes:

· Coordinated scheduling and/or beam-forming

· Joint processing / transmission

In the class of coordinated scheduling and/or beam-forming, the data intended for a particular UE is not shared while some information related to the channels are shared among different transmission points. The operation modes: (1-1), (2-1), and (3-1) described in [2] mainly fall within this class. Among the technologies in this category, semi-static inter-cell interference coordination, PMI coordination, and coordinated beam-forming (CA-BF) [2] seem as promising techniques. On the other hand, in the class of joint processing/transmission, data intended for a particular UE is shared among different transmission points and is jointly processed at these cells. As a result of this joint processing, the received signals at the intended UE will be coherently or non-coherently added up together. 
In this contribution, we focus on design considerations of CoMP joint processing. Throughout the contribution, we assume that the transmission points may correspond to different cell sites, i.e. transmission points associated with different cells. Furthermore, the joint processing is realized through DRS while the channel feedback is based on CQI-RS [3].
2 Design Considerations of CoMP Joint Processing
In this contribution, we discusses following aspects of CoMP joint processing:

· Multiplexing between LTE and LTE-A UEs (LTE-A only or mix sub-frames)

· CoMP clustering (cell-specific or UE-specific)

· Transmission Schemes of CoMP Joint Processing (coherent versus not coherent)

· Resource elements mapping confliction of CoMP Joint Processing
2.1 Multiplexing between LTE and LTE-A UEs
There are altogether two multiplexing schemes for LTE and LTE-A UEs: frequency division multiplexing (FDM) and time division multiplexing (TDM). 
In FDM, LTE UEs and LTE-A UEs are allowed to co-exist in a sub-frame where different sets of resource blocks (RBs) are allocated to different types of UEs as illustrated in Figure 1.  
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Figure 1: FDM of LTE and LTE-A CoMP UEs

Under this scheme, the LTE-A-specific features should be transparent to LTE UEs and system operations should be built upon current LTE architectures. 
In TDM, LTE UEs and LTE-A UEs are separated into different subframes, namely, LTE-only and LTE-A-only subframes where LTE-A-only subframes can be used to conduct CoMP transmission. The illustration of TDM scheme can be seen more clearly in Figure 2.
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Figure 2: TDM of LTE and LTE-A CoMP UEs
Under this scheme, the LTE-A-only subframes appear as MBSFN subframes to Rel.8 LTE UEs. In those LTE-A only subframes, backward compatibility issues will vanish and more design freedoms will be available for performance enhancement of LTE-A systems.
Proposal: even though TDM seems more promising in terms of system performance improvement, FDM should be served as the baseline assumption. 
2.2 CoMP clustering
Conceptually, there are two sets of cells involved in the CoMP joint transmission, which can be illustrated in Figure 3.
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Figure 3: Two Conceptual CoMP Sets for Joint Processing

The first set of cells is called the “CoMP Report Set” (also called “CoMP measurement set” or “cell clustering of CoMP”). That is, a set of cells that a CoMP UE is configured to measure and report. The second set of cells is called the “Active CoMP Set” which is introduced in [4]. The “active CoMP set” is defined to be set of cells which send PDSCH to a CoMP UE. 

In general, there are several outstanding issues related to these two CoMP sets:
· Whether the “CoMP report set” should be on the network level or UE-specific 

· The “CoMP report set” is decided completely by the network [5] [6]
· The “CoMP report set” is UE-specific and are configured by the network [7] [8] [9]
· Whether the “CoMP report set” should be configured semi-statistically or dynamically

· The “CoMP report set” should be configured by the network semi-statistically [7] [9] [10]
· The “CoMP report set” should be configured by the network dynamically [6] 
· Whether the “active CoMP set” should be transparent to UE or not (it is clear that the “CoMP report set” has to be visible to the CoMP UEs) 

· The “active CoMP set” should be completely transparent to CoMP UEs [7] 

· The “active CoMP set” should be informed to the CoMP UEs [5]

For “CoMP report set”, it makes more sense to let a UE to be semi-statistically configured by the network to measure and report on a UE-specific set of cells. Through this procedure, the benefits of CoMP operation will be enhanced and any network-level restrictions to the set of cells that can be coordinated should be network-internal, invisible to the UE. 

In [3], it is agreed that CoMP joint processing will be based on the dedicated reference signals (DRS). Using DRS for joint processing will make the operation at the network side transparent to the UEs. Accordingly, the “active CoMP set” should be transparent for the CoMP UEs. However, as identified in [11], the transparency of “active CoMP set” will cause performance degradation of CoMP joint processing due to the collision between common reference signals (CRS) and PDSCH (see Section 2.4 for details).  Furthermore, whether “active CoMP set” should be transparent or not also relates to whether “active CoMP set” should be configured semi-statistically or dynamically.  For example, if the “active CoMP set” is completely transparent to the CoMP UEs, then the set can be dynamically configured. Otherwise, if the network has to inform the CoMP UEs about the “active CoMP set”, dynamic configuration may take up too much downlink control resources. The pros and cons of the views on the “active CoMP set” are summarized in the following table.
Table 1: Comparison between Views on “Active CoMP Set”
	
	Pros
	Cons

	Transparency to UEs
	Transparent to UE
	Easy to implement and will cause minimal spec change.
	May cause performance degradation due to CRS and PDSCH collision.

	
	Non-transparent to UE
	Enable optimization of the resource mapping. May avoid resource collision problems.
	Increase overhead for downlink control channels. May restrict the configuration of “active CoMP set”.

	Configuration of the Set
	Configured Semi-statically
	The set may be signalled to the CoMP UE.
	Reducing scheduling flexibility and may cause system resource wasting.

	
	Configured Dynamically
	Taking advantage of the dynamic scheduling and better utilizing of system resource.
	May introduce a lot of overhead if non-transparent transmission is required.


In general, it seems that dynamically configured “active CoMP set” is a better fit for transparent transmission while the semi-statically configured “active CoMP set” is a better fit for non-transparent transmission.

Proposal: the “CoMP report set” should be visible to the CoMP UEs, it should be semi-statistically configured by the network to measure and report and should be UE-specific. Whether the “active CoMP set” should be transparent or not needs to be further investigated together with other issues of CoMP including configuration of “active CoMP set” and resource elements mapping of CoMP (will be discussed in Section 2.4)
2.3 Transmission Schemes of CoMP Joint Processing
There are altogether two transmission methods of CoMP joint processing, namely, coherent transmission and not-coherent transmission.  

For coherent transmission, the network has information related to the joint channel from all the cells in the “active CoMP set” to the target CoMP UE. Accordingly, the transmitted signals from different cells within the “active CoMP set” are matched to the joint channel (different parts of the joint channel) [9][11][12][13].

On the other hand, for not-coherent transmission, the network does not have information concerning the relationship of the channels among the cooperating cells. Under this situation, the received signals arriving at UE is unable to combine coherently over the air. Accordingly, the combining schemes at the UE are analogous to hybrid ARQ (HARQ) combining methods [9] [12].

In general, the operation mode of (1-3) described in [2] is a natural fit for not-coherent CoMP joint transmission. To be specific, the open loop approaches across multiple transmission sites (TxD based approaches) provide good starting points to investigate the performance of this operation mode.
In [9] and [14], precoded MBSFN type of approach is also proposed under this category. However, since the signals are not matched to the joint channel, the received signals from different cells may even combat with each other over the air, results in performance degradation. Furthermore, for cell-edge UEs where interference is strong, coherent transmission provides an efficient way of changing interference into received signals while TxD types of approach only boost power without mitigating interference.
Proposal: the coherent transmission of CoMP joint processing should be baseline assumption of CoMP joint processing.
2.4 Resource elements mapping confliction of CoMP Joint Processing
The key idea of coherent transmission of CoMP joint processing is to have transmitted signals from different cells coherently combined over the air. This requires the resource elements transmitting for the same signal overlap over the time and frequency zone. It is agreed in [3] that CoMP UE only get downlink control information from the PDCCH of the anchor cell. Since the control regions of the cells in the “active CoMP set” are in general different, it may cause some resource elements collision. Furthermore, the physical signals of each cell will have cell-specific shift which will also result in resource elements collision. 
Major concerns have been raised on three kinds of resource elements mapping collisions [5][7][11][15]. 
· Control-region size for cells in the “active CoMP set”

· PDSCH-to-CRS interference within “active CoMP set”

· DRS pattern for cells in the “active CoMP set”
Since it is agreed in [4] that the demodulation of the downlink CoMP joint processing is based on DRS, the above mentioned issues can be solved naturally using transparent methods. That is, from UE’s perspective, there is only a single cell involved in the joint transmission. However, as some results suggest [11] that there are significant performance degradation assuming completely transparent transmission, non-transparent schemes are also proposed [5] [11] [15]. In the following analysis, we divide schemes solving each issue mainly into two categories: transparent versus non-transparent. 
A. Control-region size mismatch

For this issue, the transparent method is proposed in [7] where UE just assume the control-region size according to the anchor cell (the cell where PDCCH is sent). 

The non-transparent version of this approach is also mentioned in [7] in the case where some of the cells from which the PDSCH is physically transmitted has a smaller control-region size than the anchor cell. In this case a non-transparent scheme can be applied to take advantage of the non-used resource elements. The two schemes can be shown in Figure 4. 
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Figure 4: Control Region Size Follows Anchor Cell

However, the transparent approach showed in the above figure will cause some collision when the control-region size of the anchor cell is smaller than some of other cells in the “active CoMP set”. This can be illustrated in Figure 5.
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Figure 5: Possible Collisions of PDCCH and PDSCH
In light of the possible collisions between PDCCH and PDSCH, some non-transparent methods are suggested in [5], where the PDSCH of CoMP joint processing starts from the OFDM symbol next to the common control zone of the “active CoMP set”. The common control zone is defined to be the maximum PCFICH value across all the cells in the “active CoMP set”. The resource elements within the common control zone that are not part of the PDCCH of anchor cell can be left unused or used for non-CoMP operation. These options can be illustrated in Figure 6.
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Figure 6: Common Control Zone of Active CoMP Set
In the above example, the control-region size of the anchor cell is 1 while the control-region size of the other cell in the “active CoMP set” is 2. Therefore, the common control zone is defined to be 2 OFDM symbols. Under this scheme, the size of the common control zone will be dynamically changing (possibly from subframe to subframe) and has to be signalled to the CoMP UEs. This may create pretty large overhead for downlink control channels. 
It seems that different scheme requires different signalling from the network. In this sense, we compare the four schemes described in this section in the following table.
Table 2: Signalling Aspects Comparison

	
	Information to be Signalled
	Comments

	Method A
	None
	Possible collision between COMP transmission and other-cell PDCCH shown in Figure 5.

	Method B
	PCFICH together with the Cell ID of the Cell that is performing combined COMP and non-COMP Tx 
	Receiver needs to handle both type of transmission within one subframe.

	Method C
	Size of Common Control Zone (Max PCFICH among  active COMP Tx set)
	Hard for anchor cell to obtain instantaneous value of other cell’s PCFICH value without delay 

	Method D
	Size of Common Control Zone (Max PCFICH among  active COMP Tx set)
	Hard for anchor cell to obtain instantaneous value of other cell’s PCFICH value without delay 

Receiver needs to handle both type of transmission within one subframe.


Through the comparison, it seems that each method has its own drawbacks and further study should be investigated on this issue. We need to provide clean solutions for either transparent or non-transparent methods.
B. PDSCH-to-CRS interference

This problem occurs where cell-specific frequency shifts are used for the CRS in the cells involved in the joint transmission and, at the same time, the PDSCH mapping is assumed to be the same in all the cells. In general, this issue is always there for non-CoMP UEs where their PDSCH collides with CRS from other cells. However, for CoMP UEs, they may be more vulnerable to this type of PDSCH-to-CRS problem because the PDSCH received is assumed to be coherently combined over the air. 
Since this problem is occurred because of the cell-specific frequency shift, it is kind of difficult to have a clean transparent solution. One possible transparent solution is simply ignoring the interference; however, as pointed out in [11], this will cause significant performance degradation. Another possible transparent solution is transmitting PDSCH only in the resource elements which will not overlap with any of the possible CRSs [12]. In this way, the PDSCH transmission of CoMP joint processing can be completely transparent in the sense that the CoMP UE does not need to know the actual “active CoMP set”. However this method will cause pretty big overhead (4 or 5 OFDM symbols cannot be used for PDSCH joint processing). 
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Figure 7: Transparent Method for CRS-PDSCH Collision
On the other hand, there are several non-transparent methods are proposed in [5][11][15]. 
In [5][11], UE is informed by the network about the “active CoMP set” and therefore, UE will only assume PDSCH transmission on those REs that don’t overlap with any CRS from the “active CoMP set”. Non-CoMP operation is also performed on the remaining REs that don’t overlap with anchor cell’s CRS.
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Figure 8:  “Active CoMP Set” Aware Method 
Resource elements puncturing on CRS locations in other cells within the “active CoMP set” is proposed in [15].
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Figure 9: RE Puncturing of CRS
C. DRS pattern

This issue is relatively easy to solve since the CoMP joint processing will be based on DRS. Under this scenario, the UE may just need to demodulate according to the DRS pattern from the anchor cell. This is a clean transparent solution; however, we may still require the same DRS patterns across the “active CoMP set” for CoMP transmissions to this UE.
3 Conclusion
In this contribution, we discuss some design considerations for CoMP joint processing. The followings are proposed:
· FDM should be served as the baseline assumption of CoMP joint processing
· The “CoMP report set” should be visible to the CoMP UEs, it should be semi-statistically configured by the network and should be UE-specific.
· Coherent transmission of CoMP joint processing should be the baseline assumption of CoMP joint processing.
Since many design decisions of CoMP joint processing are highly correlated to the answer of the question: whether the “active CoMP set” should be completely transparent to CoMP UEs or not, CRS-PDSCH collision problem should be carefully investigated to justify the answer. 
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