
3GPP TSG RAN WG1 Meeting #64




   
 


 R1-110742
Taipei, Taiwan, 21st - 25th February 2011
Agenda item:
6.3.1.1
Source: 
Samsung
Title: 





Preliminary performance evaluation of CS/CB in homogeneous networks
Document for:
Discussion and decision
Introduction
In 3GPP RAN #50 meeting, a revised CoMP study item was agreed for Release 11 [1]. In 3GPP RAN1 #63bis, CoMP study item was initiated. Some high level views were discussed and evaluation methodology was defined [2]. 

The schedule for CoMP evaluation was decided as follows
· Phase 1 

· Homogeneous network with high Tx power RRHs 

· Starts now

· Aim to conclude in RAN1#65

· Phase 2

· “Heterogeneous network with low power RRHs within the macrocell coverage”, and “network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell”

· Starts after RAN1#64
In [3], we briefly describe two categories of CS/CB schemes classified depending on the UE receiver capability, namely basic MMSE receiver and an advanced receiver (IRC receiver).
Some preliminary evaluations of those schemes for homogeneous networks are provided in this contribution.
Coordinated scheduling, beamforming and power control (for all receivers)
Preliminary performance evaluations of CS/CB in homogeneous networks are displayed in Table 1. The feedback relies on Average H over a subband. The main reason to operate Average H feedback is the inaccuracy of the link adaptation when the feedback relies on CQI and PMI. More investigations on how to compute CQI after coordination is required if the feedback is to be based on implicit feedback. We compare the performance of
1. SU-MIMO based on H feedback with no CS/CB. The UE feeds back the average H matrix for the serving cell and interfering cell in the CoMP measurement set. Given such feedback, the eNB has all information to mimic the UE computation of rank, CQI and PMI and is therefore also able to compute the rank, CQI and the precoder. Only single-cell operations are performed in such scheme.
2. The eNB relies on the same feedback as in case 1 but performs CS/CB based on the iterative structure depicted in [3]. 
Assume the following system model,


[image: image10.wmf]-1500

-1000

-500

0

500

1000

1500

-1500

-1000

-500

0

500

1000

1500

Interference Links: Red dashed line

1

3

2

20

19

21

6

5

4

9

7

8

27

26

25

42

16

17

18

13

15

14

10

12

11

45

41

23

40

22

24

56

55

57

37

38

39

52

53

54

34

36

35

49

51

50

33

31

32

48

46

47

30

29

28

44

43


where 
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is the precoder of the intended message and 
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is the precoder of the interfering messages. Denoting 
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, we can build the following three kinds of receivers
· Receiver 1:
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· Receiver 2:
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· Receiver 3:
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The performance of those receivers with and without CS/CB is investigated in Table 1. Simulation assumption are provided in Table A.1. The performance is measured in terms of the average cell spectral efficiency [bits/s/Hz/cell] denoted as ``Average throughput'' and the 5% cell edge spectral efficiency [bits/s/Hz/user] denoted as ``cell-edge throughput''.
	
	
	Average throughput
	cell-edge throughput

	No CS/CB 
	Receiver 1
	100%
	100%

	
	Receiver 2
	128.44%
	111.20%

	
	Receiver 3
	128.76%
	108.97 %

	Inter-cell CS/CB
	Receiver 1
	100.3%
	125.93%

	
	Receiver 2
	126.59%
	123.74%

	
	Receiver 3
	131.12%
	142.63%


Table 1. Performance of coordinated beamforming and scheduling in a 3-cell cluster


It is observed that 
· significant performance gains in terms of cell average throughput are obtained by going with a more advanced receiver. 

· CS/CB helps providing additional performance gains at the cell edge.
Coordinated scheduling for advanced receiver (IRC receiver)
Building up on top of previous section, we evaluate some coordinated schemes that rely on advanced receiver and only rely on very low feedback overhead. Coordinated scheduling with rank coordination, as explained in [3], has been evaluated for a simple scenario where three cells are clustered as in Figure 1 and the Master-Slave coordinated scheduler explained in [3] is applied. Such clustering can be seen as a subset of the 9-cells clusters defined in the evaluation methodology.
 SHAPE  \* MERGEFORMAT 



Figure 1. Example of Inter-site clustering

Simulation assumptions are provided in Table A.2. Receiver 3 is assumed in those evaluations.
In Table 2, we assume 4Tx and 4Rx and compare the performance of CL SU-MIMO with rank adaptation when no coordination among cells is performed and when the Master-Slave coordinated scheduler based on rank recommendation is performed. The simulation assumptions are listed in Table A.2 (in the appendix). Note that we assume a single wideband preferred serving cell RI and a single wideband recommended interfering eNB RI reported every 5ms. The same value of the recommended interference rank for all cells in the CoMP measurement set is used in order to reduce the feedback overhead and simplify the scheduler. The CQI is computed assuming SU-MIMO transmission as in LTE Rel. 10 for the baseline system and based on the joint selection of the preferred serving cell rank indicator and the recommended interference rank indicator in the rank recommendation-based Master-Slave coordinated scheduling scheme. The cycling pattern over the transmission rank used in the Master-Slave scheduler is determined for simplicity only based on the number of rank recommendation requests (not accounting for the QoS of the victim UEs). 

As we can see from Table 2, a non-negligible gain of about 11% is observed at the cell edge. The scheme incurs very low feedback overhead (compared to the CS/CB schemes in previous section) that only requires additional 2 bits report to indicate the preferred wideband recommended interfering eNB RI.
	
	Average throughput
	cell-edge throughput

	No coordination
	100%
	100%

	Rank Coordination 
	99.86%
	111.33%


Table 2. Performance of rank coordination-based coordinated scheduling in a 3-cell cluster

The gain at the cell edge originated from the modification of the distribution of the actual transmission rank after scheduling between the baseline system without coordination and the rank recommendation-based coordinated scheduling. A larger portion of users who used to be scheduled in rank 1 transmission in the baseline system without coordination benefit from rank 2 transmission in the rank recommendation-based coordinated scheduling scheme. 
It is important to note that, in the rank coordination scheme, the user computes the CQI taking into account the effect of coordination, enabling very accurate link adaptation. In other CoMP schemes (as coordinated beamforming based on interference nulling or interference alignment), the BS has to compute the final CQI after performing alignment and/or interference suppression. However, given the gross feedback accuracy at the subband level, it is very complicated to accurately predict the CQI after cooperation. Most of the predicted performance gain can therefore be lost because of the inaccurate link adaptation.
In the future, more evaluations are necessary to investigate the sensitivity of the performance to

· the IRC modeling and the measurement of interfering DM-RS.

· the number of cooperating cells. It is expected that larger gains can be observed if we go for a 9-cells cooperation rather than 3.
· the traffic model

Conclusions
In this contribution, we provide preliminary CoMP CS/CB evaluations in homogeneous networks with full traffic buffer. It is observed that 
· significant performance gains in terms of cell average throughput are obtained by going with a more advanced receiver. CS/CB mainly helps providing additional performance gains at the cell edge.

· A cooperative scheme designed with advanced receiver in mind enables to significantly decrease the feedback overhead and scheduler complexity and still provides non-negligible performance gains at the cell edge. 
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1 Appendix
	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Traffic model
	Full buffer

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site, wrap around

	Users per sector
	10

	Handover margin
	1 dB

	Downlink transmission scheme
	4x2 SU-MIMO with rank adaptation and single-cell operation

	
	4x2 SU-MIMO with rank adaptation and coordinated scheduling and beamforming relying on SLNR filter design

	
	Triggering threshold for CoMP feedback: 10dB
Union of cooperating sets: 57 cells

4 iterations

	Downlink scheduler
	Proportional Fair scheduling with full bandwidth allocation

	Downlink link adaptation
	Unquantized H feedback: subband spatial channel information 5 ms feedback period

	
	Subband granularity: 6 PRB on 10 MHz

	
	6ms delay total (measurement in subframe n is used in subframe n+6)

	
	Feedback error: 0%  (Perfect and ideal feedback)

	
	MCSs based on LTE transport formats [36.213]

	
	Target block error rate: 5% 
Outer-loop link adaptation: ACK +0.5/9 dB NACK -0.5 dB

	
	Unquantized H feedback: subband spatial channel information 5 ms feedback period

	
	Subband granularity: 6 PRB on 10 MHz

	Allocation
	Localized

	Total number of RB in one subframe
	50

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, asynchronous.

	
	no error on ACK/NACK

	
	For the transmission in subframe n, 
ACK/NACK is reported in subframe n+4 and retransmission is available in subframe n+8 
4 ms ACK/NACK 
8 ms retransmission

	Downlink receiver type
	Receiver 1,2,3

	Channel estimation
	Imperfect channel estimation on CSI-RS and DM-RS

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Dual-poalrized polarized antennas

	
	0.5 wavelength separation at UE,

	
	0.5 wavelength separation at eNB (XX)

	
	ideal antenna calibration

	Control channel and reference signal overhead
	LTE: L=3 symbols for DL CCHs

	
	2 ports CRS, 4 ports CSI-RS every 5 ms, DM-RS

	BS antenna downtilt
	Case 1 3GPP 3D: 15 deg

	Feeder loss
	0 dB

	Channel model
	SCM urban macro low spread (15 deg Angle spread) for 3GPP case 1

	Link error prediction technique
	Exponential Effective SINR Mapping (EESM)

	Inter-cell interference modeling
	Dynamic interference with rank adaptation based on actual scheduling in interfering cells


Table A.1. System Level Simulation assumptions for coordinated scheduler and beamformer 

	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Traffic model
	Full buffer

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

	Cellular layout
	Hexagonal grid, 19 cell sites with high power nodes (46dBm), 3 sectors per site, wrap around

	Users per sector
	10

	Handover margin
	1 dB

	Downlink transmission scheme
	4x4 SU-MIMO with rank adaptation and single-cell operation

	
	4x4 SU-MIMO with rank adaptation and rank recommendation based coordinated scheduling

	
	Triggering threshold for CoMP feedback: 10dB
Union of cooperating sets: 3 cells

	Downlink scheduler
	Proportional Fair scheduling in time and frequency domain

	Downlink link adaptation
	R10 feedback: wideband RI, subband CQI and subband PMI 5 ms feedback period 

	
	Rank recommendation feedback: wideband RI, wideband interference eNB RI, subband CQI and subband PMI 5 ms feedback period

	
	Subband granularity: 6 PRB 

	
	6ms delay total (measurement in subframe n is used in subframe n+6)

	
	MCSs based on LTE transport formats [36.213]

	
	Quantized CQI (4bit)

	
	Target block error rate: 5% 
Outer-loop link adaptation: ACK +0.5/9 dB NACK -0.5 dB

	Codebook
	LTE R8 codebook

	Allocation
	Localized

	Total number of RB in one subframe
	50

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, asynchronous.

	
	no error on ACK/NACK

	
	For the transmission in subframe n, 
ACK/NACK is reported in subframe n+4 and retransmission is available in subframe n+8 
4 ms ACK/NACK 
8 ms retransmission

	Downlink receiver type
	MMSE based on DM-RS of serving cell and interfering cell (receiver 3)

	Channel estimation
	Non-ideal channel estimation on CSI-RS, perfect estimate on DM-RS

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Dual-poalrized polarized antennas

	
	0.5 wavelength separation at UE,

	
	0.5 wavelength separation at eNB (XX)

	
	ideal antenna calibration

	Control channel and reference signal overhead
	LTE: L=3 symbols for DL CCHs

	
	2 ports CRS, 4 ports CSI-RS every 5 ms, DM-RS

	BS antenna downtilt
	Case 1 3GPP 3D: 15 deg

	Feeder loss
	0 dB

	Channel model
	SCM urban macro low spread (15 deg Angle spread) for 3GPP case 1

	Link error prediction technique
	Exponential Effective SINR Mapping (EESM)

	Inter-cell interference modeling
	Dynamic interference with rank adaptation based on actual scheduling in interfering cells


Table A.2. System Level Simulation assumptions for rank coordination-based scheduler for IRC receiver
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