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1 Introduction
The impact of the downlink Coordinated Multi Point (CoMP) transmission on the radio interface specification was discussed in [1], which analysed the two approaches for the multiple cells joint transmission:

· Approach 1: It assumes the UE is aware of the cell-specific reference signals (CRS) in all the serving cells that schedule PDSCHs to the UE, where eNB needs to inform theUE about all the serving cell-IDs.

· Approach 2: It assumes the UE detects PDSCH based on antenna port 5, also called as dedicated reference signal (DRS), only to reuse the downlink control signalling in R8 totally, i.e. UE is still supposed to listen to the PDSCH from a single cell with transmission mode 7.

This contribution further analyses the potential issues of the two approaches, and provides a performance comparison. The conclusion is that Approach 1 is recommended to support the signal enhancement in the downlink multi-cell joint transmission CoMP scheme.
2 Downlink Signal Enhancement Scheme and the Issue Analyses of the Two Approaches
As described in the approved TR 36.814 [2], examples of downlink CoMP transmission schemes include the following two categories:

· Coordinated scheduling scheme 

· Joint processing/transmission scheme
For joint processing/transmission scheme, generally the same PRBs are assigned in multiple serving cells to transmit one or multiple data streams to one UE, as shown in figure 1. This section takes the single stream signal enhancement, i.e. conventional macro diversity, as the example to analyze the potential issues of the two approaches. 
According to 3GPP LTE R8 [3], cell is identified by a physical-layer cell identity, which is detected by UE during the cell search procedure based on Primary Synchronization Channel (P-SCH) and Secondary Synchronization Channel (S-SCH). For backward compatibility in CoMP systems for legacy UEs, it is desirable to maintain the LTE R8 cell definition and the relevant physical procedure for the inter-cell coordination in LTE-A as well, thus it may be necessary to specify the anchor cell and serving cells for each UE:

· Anchor cell: each UE has one anchor cell, where the UE detects the system information and its dedicated control signaling of multi-cell coordination information.
· Serving cell(s): the cell(s) that transmit the PDSCH(s) for one UE.
The serving cells other than the anchor cell are called as assistant cells for the UE.
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Figure.1 Downlink signal enhancement scheme of CoMP Systems

Note that the CoMP joint transmission and reception achieves maximum CoMP gain at the cost of large data and scheduling information exchanging/sharing. As stated in [4], the coordination flexibility for inter-eNB CoMP is limited by the latency and burden on X2 interface, thus we mainly consider the intra-eNB joint reception in this paper. However, the possible extension to inter-eNB scenario should not be precluded.
2.1 Issues for the Downlink Signal Enhancement Scheme

The potential issues of the downlink signal enhancement are listed as below:
· Issue 1: Unequal region for downlink control channels in different serving cells;

In LTE Release 8, traditionally one to three OFDM symbols (OS) are occupied by the downlink control channels indicated in PCFICH, which might change according to the load in each cell. As shown in figure 2, if cell1 assigns two OSs to the downlink control channels while cell2 assigns three OSs, the third OS in cell1 will transmit data in PDSCH, while the third symbol in cell2 will transmit PDCCH instead. In other words, the third OS in cell1 and cell2 can not transmit the same contents, i.e. there are 12 OSs available for PDSCH in cell1, but only 11 OSs for cell2
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Figure.2 Unequal region for downlink control channels in different serving cells
· Issue 2: Different CRS patterns in different serving cells due to cell-specific frequency shift.
In LTE R8, the CRSs patterns are shown in Figure 3, where cell1 and cell2 have different cell-specific CRS frequency shifts. Due to different cell-specific CRS frequency shift, there are 16 REs are not overlapped in the PDSCH region in cell1 and cell2. 
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Figure.3 CRS patterns with different cell-specific frequency shifts in cell1 and cell 2

· Issue 3: DRS patterns for the two approaches.

LTE R8 also specifies the cell-specific frequency shift for DRS. To reach a reasonable PDSCH detection performance based on DRS, it is expected for DRS to experience the same channel condition as the data, which requires the same DRS pattern in different serving cells in the signal enhancement scheme.
2.2 The potential impact on the two approaches
2.2.1 Impact on the RE mapping of PDSCH
Issue 1 and Issue 2 will end to different available REs for PDSCHs in different serving cells. It is not an issue for the scenario that cell1 and cell2 transmit data individually, same as in LTE R8, where the signals from different cells will be detected individually. But it becomes a headache in the signal enhancement scheme, where it is expected that cell1 and cell2 transmit EXACTLY the same data signals to one UE, which combined in the air. As shown in Figure 2 and 3. How to map the same PDSCH packet to different REs in different serving cells is an important problem for signal enhancement scheme in CoMP systems.
· Approach 1 may follow the mapping rule in R8, i.e. mapping PDSCH TB to the available REs in different serving cells individually. Given that UE is aware of all the serving cell-IDs, the available REs in each serving cell should be known by UE, as well as the corresponding CRS patterns per serving cell. Based on the CRS per cell, UE estimates the channels of different links respectively and does the PDSCH detection, the same way as in the traditional transmit diversity reception. In addition, the inter-cell interference between the CRSs and data can be solved by CRSs cancelation due to known CRS sequences and channel estimates.
· Approach 2 always assumes UE to access to the anchor cell, i.e. the PDCCH region, CRS patterns, DRS pattern and the available REs for PDSCH are associated to the anchor cell only. For the unfortunate scenarios in Issue 1 and 3, there might be collisions between PDSCH data signal and PDCCH/CRSs in the assistant cells. The impacts include:

· The accuracy of CRS-based measurement and channel estimation in the assistant cells will be deteriorated seriously, which will impact the PDCCH reception of all the UEs and the PDSCH performance of the non-CoMP UEs in the same subframe. 

· In the collided REs of PDSCH and PDCCH/CRSs, the data signals experience strong interference from the PDCCH/CRSs from the assistant cells, especially when CRS power boosting is implemented or PDCCH power is higher than PDSCH. There are 8.3% and 11% collided REs in PDSCH region for the examples in Figure 3 and Figure 4 respectively, which means that around 10% data signals will experience strong interference from PDCCH/CRSs. Since UE cannot estimate the channel of the links from the assistant cells based on the CRS patterns because it is not aware of the CRS patterns in the assistant cells, UE cannot do the interference cancelation for the CRSs from the assistant cells. Therefore, there will be a considerable performance discount on top of the macro diversity gain for the “multi-cell enhanced” PDSCH.
2.2.2 Link performance evaluation for the two approaches

Taking the example in issue 2, this section evaluates the performance of the two approaches. The PDSCH mapping in Approach 1 is as in Figure 3. The PDSCH mapping in Approach 2 is given in Figure 4.
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Figure.4 PDCCH region and REs for PDSCH are associated to the anchor cell
The link simulation assumptions are given in Appendix. Same transmit power is assumed for both PDSCH and CRS per RE, in both the non-collided REs and collided REs.

To evaluate the impact on the accuracy of the measurement and channel estimation based on CRS in the assistant cells, the mean square errors (MSE) of the channel estimation for the two approaches are simulated. As shown in Figure 5, an error floor above 10% of MSE of the channel estimation is found in Approach 2, which means that the assistant cells can never reach accurate channel estimation even in very high SINR range. Therefore, it is questionable whether the system as a whole can work well with introduction of joint transmission for some CoMP users following Approach 1.
To evaluate the impact on the PDSCH performance of the CoMP users with signal enhancement, the BLER results of PDSCH are simulated for the two approaches for QPSK with coding rates around 1/3, 1/2, 2/3 respectively. As shown in Figure 6, the gain of Approach 1 over Approach 2 can be 2dB at BLER of 10% for QPSK with coding rate 2/3; while the gain is around 0.5dB at BLER of 10% for QPSK with coding rate 1/2; there is almost no difference between the two approaches for QPSK with coding rate 1/3. 
It need to be noted that the example in Approach 1 does not pay the DRS overhead, but some extra signaling of the serving cells are needed. While Approach 2 need an extra 7.5% DRS overhead.

In summary, to support the signal enhancement in the multi-cell joint transmission CoMP scheme, Approach 1 is recommended due to no impact on the CRS-based measurements and channel estimation for all the users in the assistant cells, and better PDSCH performances. And it is a big issue for Approach 2 to keep the basic CRS-based measurement accuracy and acceptable PDCCH performance in the assistant cells.
[image: image5.emf]0 2 4 6 8 10 12 14

10

-3

10

-2

10

-1

10

0

SNR(dB)

Mean Square Error

Solution 1

Solution 2


Figure 5 MSEs of the CRS-based channel estimation for the two approaches
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Figure 6: PDSCH performance of two approaches, QPSK, coding rates around 1/3, 1/2, 2/3
3 Conclusion

This contribution discusses the two approaches for the multiple cells joint transmission scheme for the downlink CoMP, which is the reference for analysis on the potential impact on the radio interface specification.

· Approach 1: It assumes the UE is aware of the cell-specific reference signals (CRS) in all the serving cells that schedule PDSCHs to the UE, where eNB needs to inform UE about all the serving cell-IDs.

· Approach 2: It assumes the UE detects PDSCH based on antenna port 5, also called as dedicated reference signal (DRS), only to reuse the downlink control signalling in R8 totally, i.e. UE is still supposed to listen to the PDSCH from a single cell with transmission mode 7.

Approach 1 is recommended since it has no impact on the CRS-based measurements and channel estimation for all the users in the assistant cells, and better PDSCH performance. It is a big issue for Approach 2 to keep the basic CRS-based measurement accuracy and acceptable PDCCH performance in the assistant cells.
4 Text proposal
We propose to capture the following text in Section 8 of TR 36.814 [2]:

--- Start Text Proposal ---
8
Coordinated multiple point transmission and reception
Editor's note: This section will capture techniques such as enhanced interference coordination and cooperative MIMO

Coordinated multi-point transmission/reception is considered for LTE-Advanced as a tool to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput.
For backward compatibility, it is desirable to maintain the LTE R8 cell definition and relevant physical layer procedures. To support inter-cell coordination for LTE-A UEs, it may be necessary to specify the anchor cell and serving cells for each UE:

· Anchor cell: each UE at least has one anchor cell, where the UE detect the system information and its dedicated control signaling of multi-cell coordination information.

· Serving cells: the cell(s) that transmit the PDSCH(s) for one UE.

8.1
Downlink coordinated multi-point transmission

Downlink coordinated multi-point transmission implies dynamic coordination among multiple geographically separated transmission points. Examples of coordinated transmission schemes include

· Coordinated scheduling and/or beamforming

· data to a single UE is instantaneously transmitted from one of the transmission points

· scheduling decisions are coordinated to control e.g. the interference generated in a set of coordinated cells.

· Joint processing/transmission

· 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

Downlink coordinated multi-point transmission should include the possibility of coordination between different cells. From a radio-interface perspective, there is no difference from the UE perspective if the cells belong to the same eNodeB or different eNodeBs. If inter-eNodeB coordination is supported, information needs to be signaled between eNodeBs.

Potential impact on the radio-interface specifications is foreseen in mainly three areas:

· Feedback and measurement mechanisms from the UE

· Reporting of dynamic channel conditions between the multiple transmission points and the UE

· For TDD, channel reciprocity may be exploited

· Reporting to facilitate the decision on the set of participating transmission points

· For TDD, channel reciprocity may be exploited

· Preprocessing schemes

· Joint processing prior to transmission of the signal over the multiple transmission points

· Downlink control signaling to support the transmission scheme. The serving cell-identities are needed to be informed to UE.

· Reference signal design

· Depending on the transmission scheme, specification of additional reference signals may be required. 
8.2 Uplink coordinated multi-point reception

Coordinated multi-point reception implies reception of the transmitted signal at multiple, geographically separated points. Uplink coordinated multi-point reception is expected to have very limited, impact on the RAN1 specifications. Scheduling decisions can be coordinated among cells to control interference and may have some RAN1 specification impact. (Editors note: This can be refined as for the downlink section)

--- End Text Proposal ---
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Annex A: 
This Annex gives the link-level simulation assumptions (Table 1). 
Table 1: Assumptions of Link-level simulation 

	PARAMETER
	VALUES

	Bandwidth(Hz)
	5M

	Number of sub-carriers
	300

	FFT_size
	512

	Modulation
	QPSK

	Channel estimation
	Real channel estimation

	TB length(bit)
	352, 584, 760

	Allocated resource
	4 RBs

	Number of cooperating  sites
	2

	Number of transmit antennas
	1

	Number of receive antennas
	1

	Channel Model
	Uncorrelated TU channel 30km/h

	Number of data per subframe
	14

	CRC_length
	24
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