3GPP TSG RAN WG1 meeting #55bis
R1-090193
Slovenia, Ljubljana, 12th -16th January, 2009
Source:
CATT
Title:

Aspects of Joint Processing in Downlink CoMP
Agenda Item:
12.3
Document for:
Discussion
1 Introduction 
Coordinated multi-point transmission/reception is considered as a promising technique to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput [1-7]. According to [1], CoMP is mainly characterized into two categories:

· Coordinated scheduling/beamforming

· Joint processing/reception

In the category of joint processing/reception, data to single UE is simultaneously transmitted from multiple transmission points to improve the received signal quality and/or cancel interference from other UEs. In this category, data intended for a particular UE is jointly processed at different cells. As a result of the joint processing, the received signals at the intended UE will be coherently or non-coherently combined. This advanced technique is particularly beneficial for cell-edge throughput, and it is anticipated to be the dominating application of CoMP. Since most of the cell edge UEs are of low geometry, single-layer transmission will be the main application scenario. Therefore, in this contribution, we focus on the single-layer joint processing for downlink CoMP. Several cooperation techniques are analyzed and a preliminary discussion on the feedback mode is also given. Both link-level and system-level evaluation results are provided to compare the performance of the different cooperation techniques.
2 Issues Related to Joint Processing
The received signal of UE is associated with several different cells in joint processing. This is a fundamental difference between joint processing and single cell transmission. As a result, some new issues that have potential impact on the performance arise.
2.1 Arrival timing mismatch
Although CoMP is assumed to be carried out in synchronized network, the signal from cooperating cell sites may arrive at UE at different time instant due to different distance between UE and cell sites, i.e., a mismatch of arrival timing exists. Fig.1 illustrates the genesis of the mismatch. If the mismatch is greater than certain value, the inter-symbol interference will counteract the cooperation gain. To overcome this, a threshold can be set up. If the mismatch between a cell site and the reference cell site exceeds the threshold, the cell can then be excluded from the cooperation cell set. For mismatch within the threshold, some calibration process can be adopted to compensate the difference. Even after the compensation, there is still residue timing mismatch within the cooperation cell set. The effect of residue timing mismatch depends on the cooperation techniques. 
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Fig.1 Arrival timing mismatch between two cooperating cells

2.2 Demodulation RS
For demodulation, both UE-specific and Cell-specific RS are alternatives. With UE-specific RS, transparent operation at network side is possible, i.e., UE could demodulate data without knowledge of the cooperating cells. With Cell-specific RS, extra downlink signaling is needed to help UE demodulate data, such as the CELL_ID of the cooperating cells and the precoding matrix of each cooperating cell, and the receiver algorithm is complicated with Cell-specific RS; therefore, whether to use Cell-specific RS to assist demodulation should be studied carefully.
2.3 Feedback overhead
Closed-loop transmission can improve spectral efficiency according to the results of LTE R8. Therefore, CoMP should introduce closed-loop operation as far as possible. One of the main factor that limits the application of closed-loop operation is the feedback overhead. Since multiple cells participate in the transmission, the information needed for closed-loop operation at network side increases linearly with the number of the cooperating cells. For FDD system, the information is mainly obtained by UE feedback, which will be a heavy burden for uplink channel. For TDD, network could acquire channel state information by uplink/downlink reciprocity to reduce the feedback overhead.
3 Techniques for Joint Processing
In this section, we focus on single layer transmission, the main scenario of CoMP. In terms of manner of the combination of signal from multiple cells at UE, joint processing can be classified as coherent transmission and non-coherent transmission. Under the class of coherent transmission, the network obtains channel state information (CSI) of all the cooperating cell sites. By adjusting the phase of transmitted signal according to the available CSI, the signal arriving at the intended UE could be combined coherently. Besides the single cell precoding gain and power gain, array gain and diversity gain can be attained by coherent transmission. In contrast, non-coherent transmission does not make use of the relationship of CSI among the cooperating cells , and hence the signal arriving at UE is unable to do coherent combining. Besides the single cell precoding gain and power gain, extra diversity gain can also be obtained by non-coherent transmission. In the following, we discuss the implementation of coherent and non-coherent transmission techniques in TDD and FDD system. Initial performance evaluation is also given.
Fig.2 shows a common procedure of joint processing. The precoding matrices F1 and F2 are for cell 1 and cell 2 respectively. They can be calculated by UE and feedback via unlink channel. For TDD system, they can also be obtained at network side via uplink/downlink reciprocity.
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Fig. 2 Common procedure of multi-cell joint processing
3.1 Non-coherent transmission
1) SFN+Precoding
The precoding matrix of each cell is calculated based on the channel between the cell antenna array and the intended UE respectively. The same data are transmitted from the cooperating cells, i.e., the preprocessing module simply copies the input data stream to the cooperating cells. The signal originated from each cell combine non-coherently at receiver. Besides the precoding gain of each cell, approximately 3dB(2 cooperating cells) cooperation gains will be obtained. Actually, the gain is coming from the two fold transmission power. Arrival timing mismatch has positive effect on SFN transmission, since extra frequency diversity can be obtained. Overlapped UE-specific RS can be used for demodulation, that is one set UE-specific RS is sufficient for demodulation.
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  Fig. 3 CDD+Precoding                        Fig. 4 SFBC+Precoding
2) CDD+Precoding
Similar to SFN transmission, the same data is transmitted from the cooperating cells. The difference is that the signal from cooperating cells are cyclically delayed. Fig.3 illustrates the operation of CDD. The data on subcarrier 
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 is rotated by a phase proportional to the CDD delay 
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 and then transmitted from cell 2. At the same time, the data is transmitted from cell 1 without phase rotation. Overlapped UE-specific RS can be used for demodulation. If the delay is too large, different sets of UE-specific RS are necessary, otherwise one set of UE-specific RS is sufficient. The effect of arrival timing mismatch to CDD is uncertain. It depends on the comprehensive delay at the receiver caused by the CDD delay and timing mismatch. To be specific, if CDD delay is shortened(shorter than the original CDD delay) due to timing mismatch, the performance of CDD will be degraded, otherwise the performance will be improved.
3) SFBC+Precoding

The transmitted data of cooperating cells constitute a SFBC code, that is, the preprocessing module is a SFBC coding module. Each of the cooperating cell transmit a branch of the SFBC code as shown in Fig.4. In order to decode correctly, UE has to estimate multi-cell channels separately. If UE-specific RSs are employed, they should be orthogonal among the cooperating cells, i.e., the channels of cooperating cells should be distinguishable. As a consequence, the available RE for data transmission is less than short delay CDD. It is well known that full rate SFBC code other than 2 branches does not exist. This imposes a limitation on the application of SFBC, since the number of cooperating cells should be dynamic. For example, when the cooperating cells changes from 2 to 3, the transmission technique has to change accordingly. In contrast, the operation of SFN and CDD retains consistency when the number of cooperating cells changes. SFBC transmission is robust against arrival timing mismatch, since the data from cooperating cells are separable.
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  Fig. 5 Phase Correction+Precoding           Fig. 6 Global Precoding
3.2 Coherent transmission
1) Phase Correction+Precoding
Similar to SFN transmission, the same data are transmitted from the cooperating cells. The difference is that data sent from each cell is multiplied by a distinct phase factor to ensure coherent combination of the transmitted signals. The phase factor can be obtained from feedback or calculated at network side. For example, the phase factor can be calculated as
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where the subscript
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denotes the subcarrier in the available bandwidth and the superscript denotes the two cooperating cells. Several factors have impact on the performance of this technique: the resolution and frequency granularity of feedback, the delay of feedback and the arrival timing mismatch. The arrival timing mismatch is harmful to phase correction, since the mismatch causes linear phase rotation in frequency domain, which is difficult to correct by a single phase correction factor over a span of consecutive subcarriers. The gain of phase correction in realistic environment should be carefully evaluated.
2) Global Precoding

Unlike the above four techniques, the global precoding matrix is computed based on all the channels state information between the cooperating cell sites and the intended UE. Each cell uses parts of the precoding matrix as the precoder. The same data are transmitted from the cells individually, i.e., the same as the SFN transmission.

3.3 Performance Evaluation
In this section, we provide some link-level and system-level simulation results on the performance of the joint processing techniques.
1) Link level

The assumptions of link-level evaluation are summarized in Table I.

Table I:  Link-level simulation assumptions

	Parameter
	Assumption

	Number of cooperating cells
	2, 3

	Number of transmit antennas
	2

	Number of receive antennas
	2

	Channel model
	SCM, 3km/h

	Bandwidth
	5 MHz

	Allocated resource
	6 contiguous RBs

	Channel estimation
	Perfect

	Number of layers
	1

	MCS
	16QAM, 1/2 

	Feedback frequency granularity
	6 RBs

	Precoder calculation 
	SVD

	Phase correction resolution
	π/2

	Precoder Feedback delay
	1ms


Fig.7 shows the performance of the different joint processing techniques. The long term average channel gain difference between the two cells is assumed to be 0 dB and the signals from the two cells are synchronized. The delay for CDD is set to 1μs. SFN and short delay CDD will only need one set of overlapping RS if UE-specific reference signal is used. For the Phase Correction+Precoding technique, a phase correction with π/2 resolution is used. The x-axis in the figure represents the SNR from the anchoring cell only. Simulation results show that global precoding provides the best performance among all the joint processing techniques. While SFN is unable to achieve more diversity gain than the other techniques, and gets the worst performance. 
Fig.8 – Fig.11 shows the effect of arrival timing mismatch. It is clear that timing mismatch bring different effect on the cooperation techniques. SFN benefits from the extra frequency diversity whereas both Phase Correction+Precoding and Global Precoding suffer around 1-2dB performance loss. Overally, SFBC is rather robust to the mismatch.

The performance of CDD with different delay values are shown in Fig.12. Obviously, larger gain could be obtained by using larger delay; however, the gain is saturated when the delay is larger than 5μs. A problem with large delay CDD is that with the frequency selectivity increasing, the density of pilots in frequency domain should be increased if overlapped UE-specific RS is employed. Alternatively, orthogonal RSs among cells could be used without increasing the density in frequency domain.
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Fig.7 Performance comparison of the joint processing techniques        Fig. 8 Effect of signal timing mismatch on Global Precoding
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Fig. 9 Effect of signal timing mismatch on Phase Correction+Precoding   Fig. 10 Effect of signal arrival timing mismatch on SFBC
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Fig. 11 Effect of signal timing mismatch on SFN+Precoding             Fig. 12 Performance of CDD with different delay

Fig.13 shows the results of 3 cells SFN, CDD and SFBC. For SFBC, two of the cooperating cells transmit the same branch of the SFBC code. For CDD, the delay of the two cooperating cells relative to reference cell is 2μs and 5μs respectively. Similar to 2 cell cooperation, SFBC provides better performance than CDD; however, the gain decreases from 1.6dB to 0.5dB (BLER = 0.1). The intuition is that SFBC could only get diversity gain from 2 cells, while CDD is able to get diversity gain from 3 cells. 
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Fig.13 Performance of SFN, CDD and SFBC with 3 cooperating cells
From the above simulation results, we can see that, if the timing calibration is not perfect, the performance loss of coherent transmission is significant due to the arrival timing mismatch. UE’s movement will change the relative distance between cooperating cells and UE. Consequently, timing mismatch varies from time to time. As a result, the calibration process have to be carried out repeatedly in short period. Due to the UE-specific calibration, vast feedback overhead is required. 
2) System level

The assumptions of system-level evaluation are summarized in Table II.
Table II: System-level simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500m

	Channel model
	Spatial Channel Model (SCM)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	 SHAPE  \* MERGEFORMAT 




	Users dropped uniformly in entire cell
	 SHAPE  \* MERGEFORMAT 




	Minimum distance between UE and cell
	>= 35 meters

	Number of antennas (Tx, Rx)
	(2, 2)

	Antenna separation in wavelength (Tx,Rx)
	(10, 0.5)

	Bandwidth
	10MHz

	Subcarrier spacing
	15kHz

	Scheduler
	Round Robin

	Users per Cell
	10

	Control Overhead 
	None

	Receiver Processing
	MMSE

	Service Type
	Fullbuffer


In the evaluation, a threshold on received SINR is defined to differentiate cell edge UE and cell center UE. The threshold is defined so that the proportion of cell edge UE is around 22%. When scheduled, cell edge UE is served by two cooperating cells. In Table III, the results are summarized. The Global Precoding provides around 4.9% gain in terms of average sector throughput over the single cell transmission, and a gain of 41% is observed in terms of cell-edge throughput. The non-coherent transmission technique CDD and SFBC provide 25% and 35% gain in terms of cell-edge throughput, respectively.

Table III Performance gain of joint processing over single cell transmission

	
	Single cell
	CDD
	SFBC
	Phase Correction
	Global　

	Average throughput(bps/Hz)
	2.7691 (0%)
	2.8134 (1.6%)
	2.8433 (2.7%)
	2.8810 (4.0%)
	2.9060 (4.9%)

	cell-edge throughput(bps/Hz)
	0.0525 (0%)
	0.0660 (25%)
	0.0707 (35%)
	0.0740 (41%)
	0.0738 (41%)


Based on the above simulation results and analysis, we have the following suggestion:

Proposal 1：For single-layer joint processing, we suggest to take non-coherent transmission as the baseline assumption. The performance gain of coherent transmission with timing calibration should be further studied. For FDD, UE feedback channel state information to network. For TDD, network could acquire channel state information by uplink/downlink reciprocity to reduce the feedback overhead and increase the flexibility of transmission.
4 Analysis of CQI/PMI feedback
For joint processing, the CQI/PMI feedback mode and feedback overhead of the various techniques should be studied carefully. UE should always feed back the CQI/PMI of cells within a cell set, which is referred to as measurement set in this contribution. Cells in measurement set are potential for joint processing. We focus on the construction of measurement set here. How to choose cells for joint processing from measurement set is another question and needs further analysis. The measurement set could be constructed dynamically or semi-statically.
In the dynamic approach, UE measures the instantaneous CQI of the cells which are satisfied the threshold set by the network. Best combination of cells based on the instantaneous CQI is constructed as the measurement set. CQI/PMI of cells within the set is fed back by UE. The merit of this approach is that the set is a dynamic combination, and can guarantee that the instantaneous SINR of the cooperating cells is optimal. However, the drawback is also evident, that is the feedback overhead is large and the allocation of feedback resource is complicated. Since the set is dynamic, UE has to indicate the CELL_ID of the cells associated with the CQI. This will cost a lot of feedback resources. Moreover, according to the discussion in previous RAN1 meetings, a limitation on the number of CoMP cells should not be placed. If measurement set is dynamic, network does not know how many resources are required for feedback without knowing the exact number of cells in measurement set. Consequently, resource allocation and scheduling of uplink channel become complicated. The combination of cells is numerous, and hence a number of uplink control channel format are needed. This will bring lots of complexities to specification.
In the semi-static approach, network determines a measurement set for a relative long period based on large scale fading. The set is UE-specific and UE is informed of the set by high layer signaling. The measurement set can be updated periodically or aperiodically. After getting the set through high layer signaling, UE measures and feeds back CQI/PMI of the specified cells. Since the measurement set is known in advance, network could allocate resources for UE reporting CQI/PMI. The number of uplink channel format is manageable and it has little impact on specification. The measurement set is already known at both end, CELL_ID is not necessary for feedback, thus the feedback overhead is reduced. 
Comparing the above two approaches, the performance of semi-static approach may be inferior to dynamic approach. From the view point of specification implementation and overhead, we suggest to adopt semi-static approach as the working assumption of CQI/PMI reporting for joint processing. In the following, we will go into details of semi-static approach. 
4.1 Feedback of PMI
The feedback of PMI is treated differently for coherent and non-coherent transmission techniques.
1． Non-coherent transmission
For non-coherent transmission, the precoding matrix of each cell is calculated on per cell basis. Naturally, the PMI could be feedback on per cell basis. Reuse of LTE R8 codebook is possible. The feedback overhead increases linearly with the number of cooperating cells.
2． Coherent transmission
For coherent transmission, the PMI could be fed back either individually (Phase Correction+Precoding) or aggregately(Global Precoding). For Phase Correction+Precoding technique, besides PMI of each cell, a quantized phase correction factor for each cooperating cell relative to the reference cell should also be fed back. The resolution and frequency granularity of phase correction needs further study. The possibility of designing a codebook of phase correction for 3, 4, 5… cooperating cells should be included to support this technique. For Global Precoding technique, the precoding matrix is selected from a “large” codebook, thus an aggregated PMI is fed back. In order to adapt to varying cooperating cells, codebooks of diverse size are needed.
4.2 Feedback of CQI
There are two distinct ways of feeding back the CQI in the measurement set: individual feedback and integrated feedback.
1． Individual feedback

Individual feedback means that the CQI of each cell is individually feedback. Individual feedback requires more feedback overhead. However, it allows eNodeB to schedule cells with good channel quality for UE’s data transmission.

2． Integrated feedback

Integrated feedback means that a integrated CQI of all the cells in the set is feedback. The integrated CQI can better reflect the channel quality of the joint processing. However, this feedback approach will imposed some restriction on scheduling, since it is difficult to recover the individual CQI of each cell from the integrated CQI. The feedback overhead is reduced due to the integration.
Based on above analysis, we have the following suggestion:
Proposal 2：For single-layer joint processing, in order to reduce the complexity of specification and overhead of control signaling, report of CQI/PMI should be constrained to a semi-static cell set. In this semi-static approach, network informs UE the cell set for CQI/PMI reporting. The cell set is UE-specific. 
5 Conclusion
In this contribution, we discuss several techniques for the single-layer downlink joint processing. Issues related to CQI/PMI feedback are also studied. Two suggestions on the cooperation techniques and UE reporting are given:
Proposal 1：For single-layer joint processing, we suggest to take non-coherent transmission as the baseline assumption. The performance gain of coherent transmission with timing calibration should be further studied. For FDD, UE feedback channel state information to network. For TDD, network could acquire channel state information by uplink/downlink reciprocity to reduce the feedback overhead and increase the flexibility of transmission.

Proposal 2：For single-layer joint processing, in order to reduce the complexity of specification and overhead of control signaling, report of CQI/PMI should be constrained to a semi-static cell set. In this semi-static approach, network informs UE the cell set for CQI/PMI reporting. The cell set is UE-specific. 

6 References
[1] 3GPP, 36.814, “Further Advancements for E-UTRA Physical Layer Aspects” 

[2] 3GPP, R1-083410, “Text proposal for RAN1 TR on LTE-Advanced”
[3] 3GPP, R1-082469, Ericsson, “LTE-Advanced – Coordinated multipoint transmission/reception”.
[4] 3GPP, R1-082499, Alcatel Shanghai Bell, Alcatel-Lucent, “Multi-cell MIMO with distributed inter-cell interference suppression for LTE-A Uplink”.
[5] 3GPP, R1-082497, Texas Instruments, “Network MIMO precoding”.

[6] 3GPP, R1-083569, Samsung, “Further discussion on Inter-Cell Interference Mitigation through Limited Coordination”.
[7] 3GPP, R1-084465, Nortel, “Discussion and Link Level Simulation Results on LTE-A Downlink Multi-site MIMO Cooperation”






_1292842229.vsd

_1292845904.unknown

_1292845917.unknown

_1292844594.vsd
F1


F2


Cell 1


Cell 2



_1292683055.vsd
F1


F2


Cell 1


Cell 2


SFBC



_1292683125.vsd
F1


F2


Cell 1


Cell 2



_1292683156.vsd
F


Cell 1


Cell 2



_1292242425.unknown

_1292682935.vsd
F1


F2


Cell 1


Cell 2


Preprocessing



_1292241637.unknown

