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1 Introduction
Cooperation between neighbouring sites in a LTE-A system improves coverage for the cell edge users as well as total cell throughput. In the LTE standard, such cooperation is limited and does not involve scheduling, data sharing or channel state information state exchange between the transmitters. There are several proposals to adopt multi-site cooperation techniques in the LTE-A standard [1-4]. In [5], we study different cooperation scenarios and propose some solutions for further study in the LTE-A standard. In this contribution, we discuss requirements to support different schemes in terms of scenario, signalling and overhead.
2 Cooperation Schemes

In this contribution, we discuss the following schemes as summarized in [5].
· SFN with the same precoder for all sites

· SFN with different precoders for different sites

· Short delay CDD

· FSTD

· SFBC with different precoders for different sites

· SFBC with the same precoder for all sites

· Closed loop phase correction

3 CoMP Requirements
Different CoMP schemes imply different requirements on signalling, RS, feedback and synchronization. In this section, we study such requirements for different schemes. In the following, we assume that the cooperation is between two sites. In most cases, the discussion can be generalized to more than two sites.
3.1 RS requirements

It is agreed to use DRS for modulation of CoMP transmitted signal. The number of DRS ports depends on the transmission scheme. In the above schemes, SFN schemes including short delay CDD, use superposition DRS and hence, the number of DRS ports remains the same as the number of data layers which is one layer for the aforementioned schemes. It is important to note that the short delay CDD scheme has a longer effective channel impulse response and hence, the equivalent channel is more frequency selective which requires a higher DRS density. For FSTD and SFBC cooperation schemes between two sites, the number of DRS ports is two while the number of data streams is one. For closed loop cooperation, similar to single site closed loop MIMO, SFN based DRS can be applied for data demodulation. However orthogonal DRS from different sites can also be used to make the channel estimation quality more robust against the timing mismatching.
3.2 Feedback overhead

The UE should measure the channel coefficients from cooperating sites and report them back to corresponding sites. The feedback to the non-anchor sites can be direct or through the anchor site. In the aforementioned schemes, SFBC and SFN with single PMI have the same overhead as single site closed loop MIMO. All other schemes require twice as much overhead as single site MIMO. Moreover, CL with phase correction requires additional phase signalling which can be as low as 2 bits per update. For uncorrelated antenna deployments, the PMI feedback rate and phase correction rate are the same and the rate is a function of UE speed as they both follow the short term fading. However, as the transmit antenna correlation increases, the PMI update rate decreases while the phase correction update remains the same.  
3.3 Timing adjustment and synchronization
All the cooperation schemes in [5], except SFBC and FSTD are susceptible to timing adjustment at the order of 1 (sec. Moreover, as shown in [6], the channel estimation quality based on super-imposed DRS which is used by SFN, CDD and CL schemes deteriorates with a timing adjustment. A timing mismatch can be easily removed by applying a linear phase correction to the signal from sites with higher delays. Note that there is no need to change the synchronization timings to accommodate different users. A timing adjustment signalling with a resolution of up to a fraction of 1 (sec is satisfactory and can be sent through higher layer signalling. Such a signalling is very infrequently as a UE displacement of tens of meters requires a new timing adjustment. A timing mismatch of comparable to the CP length is intolerable by all cooperation schemes.

3.4 Signalling

In all the above schemes, the UE should be aware of the reporting cell set. However, in all of the schemes, the UE does not need to know the actual active cell set if DRS is used for demodulation. Here we refer to set of cells the UE is scheduled to measure the channel and report the channel coefficients as the reporting cell set and the set of cells that transmit data on the scheduled resources as the active set. In all scenarios, the schemes fall back to single site CL MIMO if the active set includes the anchor cell only. The only exception is SFN and SFBC with the same PMI where the reported PMI is optimized based on all the sites in the measurement cell and not just the anchor cell. Therefore, for these two schemes, the fall back mode results in an inferior performance compared to single site closed loop MIMO. 
4 Summary
Table 1 provides a summary of the algorithms and their performances and requirements. 

Table 1: Summary of the algorithms and their properties

	
	SFN, same PMI
	SFN, multiple PMI
	Short delay CDD
	FSTD
	SFBC, same precoder
	SFBC, multiple precoder
	CL, Phase correction

	Feedback overhead
	1 PMI
	2 PMIs
	2 PMIs
	2 PMIs
	1 PMI
	2 PMIs
	2 PMIs + phase correction (2 bits)

	DRS overhead
	1 port 
	1 port
	1 port with higher density
	2 ports
	2 ports
	2 ports
	1 port

	Sensitivity to channel aging 
	High
	High
	Low 
	Low
	Low 
	Low 
	High

	FSS dependency
	Low
	High
	Low
	Low
	Low
	Low
	Low

	Sensitivity to timing mismatch
	Low (channel estimation loss expected)
	Low (channel estimation loss expected)
	High
	Low
	Low
	Low
	High (channel estimation loss expected)

	Sensitivity to power mismatch
	Low
	Low
	Low
	Low
	Low
	Low
	Low

	Interference to other cells
	Similar to non-CoMP
	Similar to non-CoMP
	Similar to non-CoMP
	More Colored
	Similar to non-CoMP
	Similar to non-CoMP
	Similar to non-CoMP

	Sensitivity to narrow and diversity scheduling
	Low
	Low
	High
	Low
	Low
	Low
	Low

	Diversity (slope of the BLER curves)
	Low (without FSS)
	High
	High
	High
	High
	High
	High

	Relative  performance comparison at BLER target 1% (Loss in dB is compared to the best scheme)
	Without FSS
	2.5
	4.6
	1.8
	1.0
	1.6
	0.7
	Best

	
	With FSS
	2.2
	1.9
	2.9
	1.8
	2.2
	1.4
	Best

	
	Timing mismatch
	1.2
	2.5
	3.1
	0.25
	0.9
	Best
	0.6

	
	30 km/h
	2.1
	2.2
	0.9
	0.6
	0.3
	Best
	1.4

	
	ULA, 3 km/h
	2.6
	2.2
	1.1
	0.7
	0.0
	0.1
	Best

	
	ULA, 30 km/h
	2.7
	2.2
	1.8
	1.3
	Best
	0.4
	1.8


Based on discussion provided here, for low speed and nomadic UEs, closed loop CoMP provides the best performance while the overhead can be contained 
References

[1] 
Alcatel Shanghai Bell, Alcatel-Lucent, “DL collaborative MIMO for LTE-A,” R1-082812, 3GPP TSG RAN1 #54, Jeju, Korea, Aug 18-22, 2008.
[2]
Samsung, “Inter-Cell interference mitigation through limited coordination,” R1-082886, 3GPP TSG RAN1 #54, Jeju, Korea, Aug 18-22, 2008.

[3]
Ericsson, “LTE-Advanced – coordinated multipoint transmission/reception,” R1-083069, 3GPP TSG RAN1 #54, Jeju, Korea, Aug 18-22, 2008.

[4]
LG Electronics, “Network MIMO in LTE-Advanced,” R1-082942, 3GPP TSG RAN1 #54, Jeju, Korea, Aug 18-22, 2008.
[5]
Nortel, “Further Results on Performance evaluation of CoMP solutions”, R1-091380, 3GPP TSG RAN1 #56b, Seoul, Korea, March 23-27, 2009. 

[6]
Fujitsu, “Pseudo transmission timing control using cyclic shift for downlink CoMP joint transmission,” R1-090951, 3GPP TSG RAN1 #56, Athens, Greece, Feb. 9-13, 2009.































































































































































PAGE  
3

