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Introduction
According to July IEEE meeting and the straw-poll, SCW is mandatory to support and whether or not to support the MCW with maximum of 2 codewords is the focus of debates. 
We think to support both SCW and MCW will definitely make the 16m standard more complicated, and will increase overhead, and increase the complexity of MS receiver. Only if MCW can show obvious benefit, it’s reasonable to support MCW in 16m.

The factors to consider are
· Performance
· System complexity
· Receiver complexity
· Control and feedback overhead.

· 2x2, 4x2 MIMO – high priority

· 4x4 MIMO – lower priority (less popular for mobiles)

Summary of the study
· Performance 
· When channel is known (low speed, localized permutation, fine link adaptation is possible)

SCW CL MMSE is the best choice in practical SNR range (better than MCW), while SCW OL MLD is the better in high SNR range 

· When channel is unknown (high speed, distributed permutation, only coarse link adaptation based on geometry SINR is possible)

SCW open loop MLD has significant gain over other schemes.

· Overhead

MCW will introduce more CQI feedback overhead, low MAC control signaling than SCW.

· Complexity
MMSE baseline receiver has very low complexity and is important for scheme comparison and RCT.
The memory requirement from SIC buffer will make SIC receiver much costly, not as efficient as MLD receiver.

The SIC receiver introduces more detection delay. The shorter turbo coder length degrades the performance.
4x4 MLD has smaller silicon size than SIC when quasi-MLD is utilized.

· Summary

It’s a right decision to keep SCW as the only MIMO mode to make 16m efficient.

For 2x2, SCW MLD > MCW SIC, while the complexity of SCW MLD is lower than MCW SIC
As 4x4 is a less popular configuration, we may use MMSE which suffers some performance reduction compared to SIC, or use suboptimal MLD schemes.
In both cases, the RCT performance based on baseline MMSE receiver will be considerably better with SCW than in MCW

System and MS complexity are significantly smaller with SCW

Performance comparison
   The performance evaluation is classified into two cases. 

· Coarse link adaptation 

Channel is unknown at Tx side, and coarse link adaptation is based on geometry SINR. This case is suitable for high speed and distributed permutation. Open loop single user MIMO is applied for comparison. Only SM with rank adaptation are used for evaluation (diversity mode not considered).
· Fine link adaptation
Channel is known at Tx side by feedback, and fine link adaptation is possible to track the small scale fading of channel. This case is suitable for low speed and localized permutation.

Both CL-SU MIMO and OL-SU MIMO are used for evaluation.

   Based on the RG group discussion, two kinds of receiver are listed for comparison, which are baseline MMSE receiver for both SCW and MCW and fancy receiver SCW+MLD and MCW+SIC. The receiver type and MIMO mode we considered are listed in the following table. 
Table 1 Receiver and MIMO mode for evaluation

	 
	Mode
	Baseline receiver
	Advanced receiver
	Main focus

	Fine LA (low speed, localized permutation)
	OL/CL MCW
	MMSE
	MLD

MMSE+SIC

MLD+SIC
	MMSE+SIC

	
	OL/CL SCW
	MMSE
	MLD

Iterative MAP decoding
	MLD

	Coarse LA

(Channel is unknown, high speed, distributed permutation)
	OL MCW
	MMSE
	MLD

MMSE+SIC

MLD+SIC
	MMSE+SIC

	
	OL SCW
	MMSE
	MLD

Iterative MAP decoding
	MLD


The major simulation assumption is listed in the appendix.
Coarse Link Adaptation
   SM OL SU MIMO is used with coarse link adaptation for SCW/MCW comparison. 

For MCW+SIC receiver, there are two cases

· Equally bit loading with optimum detection order (Same MCS level for all codewords)
· Unequally bit loading with fixed detection order (Conservative MCS are used for first one or two codewords to benefit from SIC, always detect from 1 to N codeword with fixed detection order)

Firstly, we compare the “equally bit loading” MCW+SIC with SCW MMSE. The outage capacity analysis is utilized. Outage is 0.01. 

The 2x2 and 4x4 results are showed in figure 1. According to the result, MCW-SIC > SCW-MMSE >> MCW-MMSE. With baseline MMSE receiver, SCW is much better than MCW. When SIC is used, MCW-SIC is better than SCW-MMSE, however the slight gain is not worthy of the complexity. 
Notes: MLD capacity is not shown here.
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Figure 1. Outage capacity of SCW/MCW when channel is unknown and optimum order for SIC receiver
   The fancy receivers for SCW are MLD and iterative MAP receiver. 

The figure 2 shows the performance gain of MAP receiver over MLD receiver. In the simulation, the MAP receiver only uses 1 iteration in Turbo decoder part. The bold blue line is the pure MLD result with 8 Turbo decoder iterations.

For SCW, there is big potential to utilize the iterative MAP receiver to get better performance.

[image: image3]
Figure 2. The gain of MAP receiver over MLD receiver.
Secondly, we compare the MCW SIC of “Unequally bit loading with fixed detection order” with SCW MMSE and SCW MLD in LLS with fixed MCS level (No Link adaptation). The simulation assumptions are:
Distributed permutation, 120km/h, PRU-based DRU (4 PRUs), CC HARQ with 5ms interval and maximum 3 re-transmission, perfect CE.
The throughput curves are the outline of multiple curves.

For SCW-MMSE, SCW-MLD, MCW-MMSE, 8 MCS level used for all the codewords.

For MCW-SIC, fixed detection order with 14 MCS combinations for multiple codewords are used, they are listed in table 2. 
The results are shown in figure 3. The SCW-MLD shows the superior performance to any other schemes.

According to the result, with base line receiver, SCW-MMSE is better than MCW-MMSE. And with fancy receiver, SCW-MLD also is much better than MCW-SIC.

It’s correct decision to use SCW when channel is unknown.

Table 2 MCS combination for MCS+SIC
	2x2
	4x4

	(QPSK 1/2, QPSK 1/2)
(QPSK 1/2, 16QAM 1/2)

(16QAM 1/2, 64QAM 1/2)

(16QAM 1/2, 64QAM 2/3)

(16QAM 3/4, 64QAM 3/4)

(64QAM 3/4, 64QAM 5/6)

(QPSK 3/4, QPSK 3/4)

(16QAM 3/4, 16QAM 3/4)

(16QAM 1/2, 16QAM 1/2)

(64QAM 1/2, 64QAM 1/2)

(64QAM 2/3, 64QAM 2/3)

(64QAM 3/4, 64QAM 3/4)

(64QAM 4/5, 64QAM 4/5)

(64QAM 5/6, 64QAM 5/6)
	(QPSK 1/2, QPSK 1/2, QPSK 1/2, QPSK 1/2)

(QPSK 1/2, 16QAM 1/2, 16QAM 1/2, 16QAM 1/2)

(16QAM 1/2, 64QAM 1/2, 64QAM 1/2, 64QAM 1/2)

(16QAM 1/2, 64QAM 2/3, 64QAM 3/4, 64QAM 3/4)

(16QAM 3/4, 64QAM 3/4, 64QAM 5/6, 64QAM 5/6)

(64QAM 3/4, 64QAM 5/6, 64QAM 5/6, 64QAM 5/6)

(16QAM 1/2, 16QAM 1/2, 16QAM 1/2, 16QAM 1/2)

(QPSK 3/4, QPSK 3/4, QPSK 3/4, QPSK 3/4)

(16QAM 3/4, 16QAM 3/4, 16QAM 3/4, 16QAM 3/4)

(64QAM 1/2, 64QAM 1/2, 64QAM 1/2, 64QAM 1/2)

(64QAM 2/3, 64QAM 2/3, 64QAM 2/3, 64QAM 2/3)

(64QAM 3/4, 64QAM 3/4, 64QAM 3/4, 64QAM 3/4)

(64QAM 4/5, 64QAM 4/5, 64QAM 4/5, 64QAM 4/5)

(64QAM 5/6, 64QAM 5/6, 64QAM 5/6, 64QAM 5/6)



[image: image4]
Figure 3. OL SU MIMO comparison with fixed MCS in LLS
Fine Link Adaptation

 When mobility speed is low and using the localized permutation, it’s suitable to use fine/fast link adaptation to track the small scale fading of channel. 

In the evaluation, SU-CL and SU-OL are used, and RBIR based link/rank adaptation are adopted for MMSE and MMSE-SIC receiver, while MIC based link/rank adaptation are used for MLD. The MCS level and rank are selected to optimize the throughput, and then link MIMO detector and Turbo decoder will check the good or bad throughput with the selected MCS/rank. Here perfect CE and localized permutation is assumed.
The results are shown in figure 4.
[image: image5.emf]681012141618202224

2

3

4

5

6

7

8

9

SE (bps/hz)

2x2 Throughput comparison

Uncorrelated channel, 3 CC blanking HARQ, 5ms feedback delay

 

 

CL SCW MMSE

OL SCW MMSE

CL MCW SIC

OL MCW MMSE

OL MCW SIC


[image: image6] 
Figure 4, SCW/MCW comparison with fine LA

According to the result, when fine/fast LA is possible, the performance order is
CL SCW-MMSE = CL MCW-SIC >OL SCW-MLD ~> OL MCW-SIC > OL SCW-MMSE > OL MCW-MMSE 
The overhead order is

CL MCW-SIC ~> OL MCW-SIC = OL MCW-MMSE > CL SCW-MMSE > OL SCW-MMSE = OL SCW-MLD

For close loop MIMO, the MCW-SIC can not show gain over SCW-MMSE.

For open loop MIMO, the SCW-MLD is slightly better than MCW-SIC.

The best choice for this scenario is CL SCW-MMSE, which has the best performance while the complexity and overhead are low. 

System complexity
In Table 3, the system complexity comparison is listed. 

According to the analysis, the MCW will definitely introduce much complexity to the system, while SCW is simple and efficient.
Table 3 System complexity comparison 
	items
	SCW
	MCW
	Notes

	Legacy support
	Yes
	No
	16m MS is required to access the 16e BS, SCW is mandatory

	CQI/CSI feedback
	1 CQI per RB
	Multiple CQI per RB
	SCW has less CQI feedback

	SU/MU unification
	MU MIMO most like to report 1 CQI/CSI per RB which is aligned with SCW CQI/CSI feedback. (CQI adjust is required at BS for flexible SU and MU adaptation) 
	MU MIMO CQI/CSI feedback is not aligned with SU CQI/CSI feedback. The feedback overhead is different which require to re-allocate CQICH.
	SCW is better in terms of SU/MU unification

	HARQ
	Simple HARQ
	Blanking and non-blanking HARQ require special design to support, which will introduce complexity and control overhead
	MCW HARQ is more complicated

	Delay
	Small delay because of pipeline detection/decoding 
	Large detection/decoding delay because of iterative detection.
	SCW is better

	Low MAC & Control
	Simpler low MAC & control
	Require to add new features in low MAC and control to support MCW, like data partition/assembly, resource allocation etc
	MCW introduce complex to control and low MAC design


Receiver complexity

   Baseline MMSE receiver has very low complexity, and it’s very important to scheme comparison.
   The SIC and MLD fancy receiver structure of 2x2 are shown in figure 5, 6 ,7 
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Figure 5: 2x2 SCW/MMSE Rx model
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Figure 6: 2x2 SCW/MLD Rx model
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Figure 7: 2x2 MCW/SIC Rx model
The properties of these two fancy receivers are listed as following.

SIC

· Iterative detection and turbo decoding
· Low computation complexity
· Not suitable for pipeline processing, and introduce large decoding/detection delay

· Large memory is required for cancellation, which will occupy large silicon size.

MLD

· Pipeline detection and turbo decode, small delay

· High computation complexity when 4x4 and 64QAM

· Quasi-ML detection algorithm is extensively explored to reduce the complexity : QRM-MLD, Sphere Decoding,

· The logic size can be reduced by logic sharing with the increase of processing clock. 

For 2x2 and 4x2 MIMO with maximum rank 2, the MLD has lower complexity than SIC while the performance is better (R1-061965). SCW MLD should be used.
For 4x4 MIMO with maximum rank 4, the complexity analysis is as following.
The assumptions are 
RB is 48 PRU (48*16*6 = 4608 subcarriers)

1kByte RAM is assumed to be equivalent to 5.6K of NAND2 equivalent gates
64 gates for 16bits real adders and 2000 gates for 16bits real multiplier

Logic share with the increase of the processing clock
Power consumption is not considered.

Baseline MMSE receiver
For baseline MMSE receiver, square root detection algorithm and CORDIC algorithm for rotation are used, the gate number are 337.6k gate (pipeline, block per clock).
SIC receiver

For SIC receiver, additional buffer is required. There are two methods

· Buffer the channel H after CE

The buffer size are 4*4 (H) *2 (I/Q) * 12 bits * 4608 tones) + (6 bits * 5/6 * 4608 tones) = 1.79M bits = 224KB = 1.25M gates
· Only buffer the receiver single and pilot, need to re-do the CE when cancellation, which require more complexity.

(4 Rx antennas * 2 (I/Q) * 12 bits * 4608 tones) + (6 bits * 5/6 * 4608 tones) = 465k bits = 59 KB = 325 K gates
Iterative MMSE cancellation is assumed to be 2.5 x complexity of pure MMSE. 844k gate (block per clock).

MLD receiver
QRM-MLD is assumed, M = 16 for 16QAM and 64QAM, and the approximation of square is used for the simplified slicing (distance calculation). 

The QR decomposition requires 171K gates.

The number of equivalent adder for most complicated candidate search part of MLD is (64*18 + 16*64*26 + 16*64*35 + 16*64*44) = 108672 (6.9M gates)
The total number is 7.07M gates

Computation logic sharing

In order to save logic size, the computation logic sharing is utilized.
The share factor is CLK * 0.625*10^(-3) /(4608 ) = 27  times for 200MHz processing clock.

The gates counted are 
256K gates for MLD.
12.5K gates for MMSE 
1.28M gates for SIC receiver (buffer H)

358K for SIC receiver. (buffer Rx signal, not consider re-do CE)
According to the analysis, the total gate number of MLD is less than SIC when processing clock is high

Conclusions
According to the analysis of performance, complexity and overhead, it’s not necessary to add a new MCW mode for 16m MIMO. 

It’s right decision for 16m MIMO to keep SCW only.
Appendix 
A. Simulation assumption
	Parameters
	Values

	Bandwidth
	10 MHz

	FFT size
	1024

	Carrier frequency
	2.5 GHz

	Subframe structure
	According to the latest revision of IEEE 80216m-08/003

	Channel Model
	Modified ITU PedB/VA with spatial correlation

	Mobile speed
	OL MIMO: 3 km/h

	Antenna configuration
	2x2, 4x4, 4x2

	BS antenna spacing
	4 lamda, 15 degrees angle spread

	Receiver algorithm
	Baseline receiver: MMSE for both SCW and MCW

Fancy receiver:  SIC for MCW and MLD for SCW



	Resource allocation and channelization
	Case 1: With fine LA, Localized allocation 3km/h:
Case 2: With coarse LA, distributed allocation, 120km/h

	Channel coding & modulation
	16e 8 MCS

	Coded block size
	SCW: one coded block for assigned resources

MCW: one coded block for layer

	Channel estimation
	Perfect channel estimation

	HARQ scheme (async. vs. sync, IR vs. Chase Combining, adaptive vs. non-adaptive, retransmission delay)
	Synchronous HARQ with Chase Combining, Retransmission delay = 5ms with maximum 3 retransmissions and initial target PER of 10%

Blanking HARQfor MCW simulation

	Rank and CQI feedback period and delay
	Every 5ms and with 5ms delay

	Link adaptation method
	RBIR for MMSE receiver and MIC for MLD receiver

	Throughput statistic
	Based on the good-put from real Turbo decoder.

	codebook
	16e codebook for CL MIMO
3 bits for 2 Tx and 6 bits for 4 Tx



Proposed text 
11.8.1.2 Layer to Stream Mapping 
Delete “[The support of horizontal encoding (MCW) for SU-MIMO is FFS].”
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