3GPP TSG RAN WG1 #68

R1-120275
Dresden, Germany, 6–10 February, 2012
Source:
Sharp

Title:
Performance evaluation of JT CoMP with inter-CSI-RS feedback

Agenda Item:
7.5.1.1

Document for:
Discussion and Decision

1. Introduction

This contribution is an extension of our earlier contributions ‎[1], ‎[2]. In which we proposed the following general design principles for CoMP:

1. The performance of aggregated and per-point CSI measurement and reporting should be evaluated taking the practical assumptions into account.

2. Measurement and feedback of at least relative co-phase information for supporting coherent JT should be considered.

3. Requirements for rank measurement/determination based on per-point and aggregated CSI measurement should be studied.

In RAN1#66Bis a working assumption (WA) of standardizing a common feedback framework (CFF) for CoMP operations was generally agreed upon ‎[3]. As a result, various CFF schemes were proposed by many companies and extensively discussed in RAN1#67 [4-33]. A preliminary way forward ‎[4] was even made trying to narrow down the CFF candidates as follows,

· Rel-11 CoMP CSI feedback supports reporting inter-CSI-RS-resource feedback on top of per CSI-RS-resource feedback.

· Inter-CSI-RS-resource feedback includes at least phase information.

· Inter-CSI-RS-resource feedback reporting is configurable.

· When configured, N bits are used to report the inter-CSI-RS-resource feedback between two per CSI-RS-resource feedback (FFS whether N = 2, 3, or 4).
Although this way forward was NOT agreed due to immature studies on CoMP CFF at current stage, the chairman encouraged interested companies to continue the discussions until Dresden meeting, particularly investigating how many bits are required for the CSI feedback ‎[5].
2. Discussions on the inter-CSI-RS-resource feedback

Before continuing on the path guided by ‎[4], it is beneficial to first look at the available options in CoMP CFF designs. According to ‎[3] and ‎[5], it is quite safe to conclude that per CSI-RS-resource feedback provides the most basic CSI elements for CoMP, thus it should be the baseline for CFF designs. On top of that, we may apply inter-CSI-RS-resource feedback and/or aggregated feedback to create more advanced CFF schemes. The followings Table 1 summarizes the CFF options which have been discussed up to now [6-33].

Table 1: CoMP CFF options

	
	With aggregated feedback
	Without aggregated feedback

	With inter-CSI-RS-resource feedback
	Option 1
	Option 2

	Without inter-CSI-RS-resource feedback
	Option 3
	Option 4


Currently we support the report of inter-CSI-RS-resource co-phase information (Option 2) recommended in ‎[4], and we also support aggregated CQI (Option 1). In this contribution, we present our views on the inter-CSI-RS-resource feedback, particularly the co-phase feedback. 

In Option 1 and Option 2, each UE needs to feed back not only a PMI for each CSI-RS resource in the CoMP cooperating set, but also the co-phase information and possibly amplitude difference among multiple CSI-RS-resources. The serving transmission point (TP) then sends the per-TP PMI(s) and co-phase information to non-serving TP(s) in the cooperating set to generate distributed precoding matrix(es) for JT operations. Suppose the number of non-serving TPs is 
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 generates the CQI of the interested effective channel according to the 4-bit CQI table defined in ‎[36]. Furthermore, the aggregated CQI can be readily expressed as
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In Option 3, 
[image: image16.wmf]i

q

s are usually not required, thus the aggregated CQI of such non-coherent JT scheme takes the very simple form as
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In our previous contributions ‎[1], ‎[2], we have addressed that availability of co-phase feedback and performing coherent JT improve the throughput over non-coherent JT, thus we have proposed that RAN1 should adopt per CSI-RS-resource with inter-CSI-RS-resource feedback for CoMP CFF designs. However, we suppose that two important issues should be further investigated to justify the adoption of co-phase feedback. One is the impact of outdated co-phase information. Another is the need to show more concrete evidence of the performance gain offered by the coherent JT. 

The outdated co-phase information is caused by the delay from the measurement of co-phase to the actual JT transmission using co-phase, which can be divided into three parts, TTIs from the measurement to feedback, TTIs from the feedback to scheduling and TTIs from scheduling to transmission. Let the three parts of co-phase delay be sequentially denoted as “delay1”, “delay2” and “delay3”, which are illustrated in Fig. 1. Usually “delay1” and “delay3” are constant values, the sum of which can be represented by a parameter 
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, we evaluated the system level performance taking into account the practical delays as shown in Figures 4 ,5 and table 3.
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Figure 1: Illustration of co-phase delays
For non-coherent JT, we may think it as a form of opportunistic coherent JT, i.e., occasionally dummy co-phase information is indeed optimal to perform a coherent JT by chance, and the opportunity of such event can be well captured in the report of a high aggregated CQI, which will later be exploited by the scheduler. Whether the scheduler can well enjoy the opportunities of coherent JT offered by non-coherent JT depends on many factors, such as the availability of aggregated CQI, the system bandwidth, the number of CoMP UEs, the degree of channel’s frequency selectivity, etc. More studies and evaluations are needed to show the true value of coherent JT compared with non-coherent JT with aggregated CQI. To investigate the coherent JT (Option 1/2) gain over non-coherent JT with aggregated CQI, we evaluated the system level performance as shown in Figures 2, 3 and table 2.
Among others, another potential issue of inter-CSI-RS-resource co-phase feedback was that coherent JT performance degrades in the presence of frequency error due to the unreliability of the co-phase information ‎[34]. In fact this issue is not as severe as it may seem. According to ‎[35], a frequency offset of 30Hz was assumed between bands in CA cases, and hence similar value can be assumed for CoMP cases. Obviously, a frequency offset of 30Hz will not pose a serious problem for the validity of co-phase information from the simulation results in ‎[34].

Observation 1: the issue of inter-CSI-RS-resource frequency offset will not pose a serious problem for the validity of co-phase information.
Based on the above observations and discussions, we further investigate the JT CoMP with inter-CSI-RS-resource co-phase feedback and present our evaluation results in the following section.
3. Simulations and results 

Simulations are conducted to compare the performance in terms of spectral efficiency (bps/Hz) for 4 schemes:

· SU single cell processing scheme (SU-SCP)
· non-coherent SU JT scheme with aggregated CQI feedback (Option 3) (SU-JT-Coph-0bits-AggCQI [
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=10 ms])
· SU JT scheme with 2-bit co-phase information & aggregated CQI feedback (SU-JT-Coph-2bits-AggCQI [
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=10 ms])
· SU JT scheme with 3-bit co-phase information & aggregated CQI feedback (SU-JT-Coph-3bits-AggCQI [
[image: image27.wmf]coph
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=10 ms]). 
It should be noted that according to Table 2 in ‎[23] the availability of aggregated CQI had a marginal impact on the performance of SU JT scheme with co-phase information. Hence our evaluation results of the latter two interested schemes can be applied for both CFF Option 1 and CFF Option 2. The detailed simulation parameters and CoMP scenario are described in Annex A.1, and the detailed throughput CDF results are shown in Figure 2, the edge UE throughput segment of which is magnified in Figure 3 for observation purpose. 
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Figure 2: Comparison of different schemes (full CDF)
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Figure 3: Comparison of different schemes (CDF segment: 0~0.12)
The comparison of numerical results for different schemes is listed in Table 2. 
Table 2: Numerical results of different schemes

	Scheme

Description
	Average Spectral Efficiency 

[bps/Hz]
	5-percentile UE Spectral Efficiency

[bps/Hz]
	Average Spectral Efficiency Gain by using JT
	5-percentile UE Spectral Efficiency Gain by using JT

	SU-SCP
	1.7434
	0.056
	-
	-

	SU-JT-Coph-0bits-AggCQI [
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T

=10 ms]
	1.7588
	0.071
	0.88%
	26.8%

	SU-JT-Coph-2bits-AggCQI [
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T

=10 ms]
	1.763
	0.0746
	1.12%
	33.2%

	SU-JT-Coph-3bits-AggCQI [
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T

=10 ms]
	1.7634
	0.0748
	1.15%
	33.6%


Based on the results in Figure 2, 3 and Table 2, we observe:

· The edge UE throughput gain of SU JT over SU SCP is more than 25%, with small improvement on the average spectral efficiency performance
· Non-coherent SU JT with aggregated CQI provides 26.8% performance gain compared with SU SCP in terms of edge UE throughput

· SU JT with 2 bit co-phase & aggregated CQI further offers 6.4% edge UE throughput gain compared with non-coherent SU JT with aggregated CQI

· The performance gain of SU JT with 3 bit co-phase & aggregated CQI over that with 2 bit co-phase & aggregated CQI is marginal
It should be noted that a 6.4% edge UE throughput gain given by the 2-bit co-phase information is not trivial. Much larger performance gain can be expected if multi-stream and/or multi-user JT transmissions are considered ‎[23]. 

Another pertinent concern is about the performance degradation due to outdated co-phase information. To investigate the delay issue of the co-phase reporting, we present simulation results to compare the performance in terms of spectral efficiency (bps/Hz) for another 4 schemes:

· SU single cell processing scheme (SU-SCP)
· SU JT scheme with 2-bit co-phase information & aggregated CQI feedback (SU-JT-Coph-2bits-AggCQI [
[image: image33.wmf]coph
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=10 ms])
· SU JT scheme with 2-bit co-phase information & aggregated CQI feedback (SU-JT-Coph-2bits-AggCQI [
[image: image34.wmf]coph

T

=20 ms])
· SU JT scheme with 2-bit co-phase information & aggregated CQI feedback (SU-JT-Coph-2bits-AggCQI [
[image: image35.wmf]coph

T

=30 ms])
The detailed simulation parameters and CoMP scenario are described in Annex A.1, and the detailed throughput CDF results are shown in Figure 4, the edge UE throughput segment of which is magnified in Figure 5. 
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Figure 4: Comparison of 2-bit co-phase SU JT schemes with different 
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Figure 5: Comparison of 2-bit co-phase SU JT schemes with different 
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 (CDF segment: 0~0.12)
The comparison of numerical results is listed in Table 3. 

Table 3: Numerical results of 2-bit co-phase SU JT schemes with different 
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	Scheme

Description
	Average Spectral Efficiency

[bps/Hz]
	5-percentile UE Spectral Efficiency

[bps/Hz]
	Average Spectral Efficiency Gain by using JT
	5-percentile UE Spectral Efficiency Gain by using JT

	SU-SCP
	1.7434
	0.056
	-
	-

	SU-JT-Coph-2bits-AggCQI [
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T

=10 ms]
	1.763
	0.0746
	1.12%
	33.2%

	SU-JT-Coph-2bits-AggCQI [
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T

=20 ms]
	1.761
	0.0746
	1.01%
	33.2%

	SU-JT-Coph-2bits-AggCQI [
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T

=30 ms]
	1.7608
	0.0742
	1.00%
	32.5%


Based on the results in Figure 4, 5 and Table 3, we observe:

· Large periodicity of co-phase reporting, e.g., 20 ms or 30 ms, has a marginal impact on the performance of SU JT with 2 bit co-phase information & aggregated CQI. Therefore, the overhead of co-phase feedback can be kept very low in practice.

4. Proposal

In this contribution we presented our views and simulation results on issues related to CSI measurement and feedback, in particular we draw the following conclusions:

· In our simulations, more than 25% edge UE throughput gains and small improvement on the average cell throughput performance are observed for SU JT compared with SU SCP. Therefore, the advantages of SU JT over SU SCP is confirmed
· In our simulations, SU JT with 2 or 3 bit co-phase & aggregated CQI shows approximately 7% edge UE throughput gain compared with non-coherent SU JT with aggregated CQI. Therefore, co-phase information is beneficial to further leverage the performance of non-coherent SU JT with aggregated CQI

· From our simulation results, large periodicity of co-phase reporting, e.g., 20 ms or 30 ms, has a marginal impact on the performance of SU JT with co-phase information & aggregated CQI. Therefore, the overhead of co-phase feedback can be kept very low in practice.

Based on the above conclusions, we propose:

Proposal: RAN1 should adopt the CoMP CFF of per CSI-RS-resource feedback with inter-CSI-RS-resource feedback (Option 2) as the baseline.
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Appendix A1:

Simulation assumptions are listed in Table 4.

Table 4: Simulation assumptions

	Parameter
	Assumption

	CoMP scenario
	Scenario 2,

CoMP cluster of 9 cells (3 cell sites/ 3 cells per a cell site)

	Cellular Model and Layout
	Hexagonal grid, 19 cell sites, 1 eNB per a cell site wrap-around

	# of UEs, # of cells
	(570, 57)

	Carrier Frequency / System bandwidth
	2GHz / 5MHz

	Number of subcarriers
	300

	Number of resource blocks (RB)
	24

	Number of subcarriers per RB
	12

	Size of subband
	4 RBs

	Inter-site distance
	500m (3GPP case1)

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R in kilometres

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	10 m

	Shadowing correlation
	Between eNBs
	0.5

	
	Between cells
	1.0

	Penetration Loss
	20 dB

	Antenna pattern
	As in 36.814 (below)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees, Am = 25 dB

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
	
[image: image46.wmf](

)

2

3

min12,

etilt

Vv

dB

ASLA

qq

q

q

éù

æö

-

êú

=-

ç÷

êú

èø

ëû



[image: image47.wmf]3

dB

q

 = 10 degrees, SLAv = 20 dB


[image: image48.wmf]etilt

q

 = 15 degrees for 3GPP case 1 and 
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 = 6 degrees for 3GPP case 3. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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	Thermal noise density
	-174 dBm/Hz

	Minimum distance between UE and cell
	35 meters

	Channel model
	SCME defined in 25.814

	UE speeds of interest
	3km/h (Doppler freq.=5.56Hz)

	eNB power class
	43 dBm

	Number of UE antennas
	2, co-polarized

	Number of cell antennas
	4, co-polarized

	Multi-layer transmission (SCP)
	Rank adaptive (up to 2 layers)

	Multi-layer transmission (JT)
	Minimum of all per-CSI-resource ranks

	HARQ
	Dynamic

	Per-TP precoding scheme
	LTE Rel. 8 precoding scheme

	Maximum number of JT measurement set
	3

	TP selection RSRP threshold
	6 dB

	Outer loop for target FER control
	10% FER for 1st HARQ transmission

	link adaptation
	MCSs based on LTE transport formats according to ‎[36]

	Maximum number of Retransmissions
	4

	Feedback & Control channel errors
	No Error

	Scheduler
	Greedy search algorithm based on PF metric
Dynamic switch between SCP and JT activated

	Scheduling granularity
	Per subband

	Traffic load
	Full buffer

	DL overhead
	30% of total REs

	Maximum number of SDMA UE per cell
	1 for SU-MIMO

	Receiver type
	MMSE (option 1 of R1-110586)

	Channel estimation (DM-RS)
	Ideal

	Channel estimation (CSI-RS)
	Ideal

	Per-TP CSI feedback periodicity in TTI for SCP UEs
	10 ms

	Per-TP CSI feedback periodicity in TTI for JT UEs
	10 ms

	CSI report delay for SCP UEs 
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	5 ms

	CSI report delay for JT UEs 
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	10 ms

	Co-phasing feedback periodicity for JT UEs 
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	10, 20, 30 ms

	Aggregated CQI feedback periodicity in TTI for JT UEs
	10 ms

	CQI & PMI feedback granularity
	per subband

	Codebook for PMI feedback
	LTE codebook

	Co-phase codebook for JT TPs
	0, 2 or 3 bits (uniform sample of [0 2pi])


6~7%





26.8%





5-percentile





5-percentile
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