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1
Introduction

In 3GPP RAN1 email discussion [1], an argument that the large-delay CDD precoding might not achieve a meaningful gain by the SIC operation in the medium-to-high Doppler scenario, which is based on a conjecture that the inaccurate CQI report (due to high Doppler) might significantly diminish the SIC gain. Furthermore, based on the conjecture, a proposal that prevents the delta CQI for the rank-2 or higher transmission in the large delay CDD mode was discussed, which prevents a large-delay CDD mode from effectively achieving the SIC gain. 
As is well-known, the SINR gain obtained by the SIC receiver is effectively converted to the throughput gain when a corresponding CQI report (i.e., enhanced data rate request) is available at the transmitter where adaptive modulation and coding is applied.
The proposal is very problematic at this late stage of LTE specification, as it unnecessarily prevents using the optimum receiver type for a certain MIMO mode. As is obvious according to the discussion in [1], the large delay CDD mode can certainly reduce the uplink control overhead by using the reserved-bit approach for some of the delta CQI fields, as some of the delta CQI values (e.g., negative values) are not necessary for the large-delay CDD mode.

In this document, aside from the obvious point that the uplink feedback overhead can effectively be reduced without restricting the receiver type, we directly analyze the SIC gain of the large-delay CDD mode in the medium-to-high speed (e.g., 30km/h and 60km/h) through system simulation to prove that the conjecture was wrong to begin with, which confirms that we need to support SIC for advanced UEs even in the medium-to-high Doppler channels. In fact, as the precoding gain is hard to be achieved in the higher Doppler channel, the SIC is a more important way to enhance the system performance in the higher Doppler than in the low Doppler channel. Finally, it is needless to say that the UEs with the advanced receiver type (e.g., SIC) should also have the right to enjoy the robustness of large-delay CDD mode. 
In [2] and [3], we already showed by system simulation and link simulation that the SIC gain is significant regardless whether UE is in the low Doppler (e.g., 3km/h, D1 deployment) or higher Doppler (e.g., 30km/h, D2 deployment). In this document, we confirm the SIC gain in higher Doppler channels (30km/h and 60km/h) by additional system simulations.    
2
System Performance
2.1
Simulation Assumptions
The simulation assumptions are in line with [4]-[5]. The simulation assumptions are outlined in Table 1.
	Parameter
	Explanation/Assumption

	Cellular layout
	19 Node-B, 3-cell sites wraparound

	Number of users per cell
	10

	Antenna Gain
	14 dB

	HARQ scheme
	IR 

	Max number of transmissions
	3

	Number of HARQ interlaces
	6

	BS total Tx power
	46 dBm

	TTI length
	1 ms

	Bandwidth
	10 MHz

	Sampling frequency
	15.36 MHz

	FFT size
	1024

	Number of occupied sub-carriers
	600

	Number of overhead OFDM symbols per TTI
	2

	Number of OFDM symbols per TTI
	14

	Number of sub-carriers per RB
	12

	Antennas Configurations
	2x2

	Speed
	30, 60 km/h

	Precoding matrices
	As defined in 3GPP TS 36.211 [5]

	Rank/Precoding adaptation
	UE selects one of allowed (sub)matrix for each precoding scheme that maximizes the sum-capacity. 

	Specific fast fading model
	Urban Macro SCM specified modelling [2] with TU Power delay profile 
Propagation model: Table 2

	Inter-cell interference modelling
	Serving cell and the three strongest interfering cells have all multi-paths modelled. Remaining cells are modelled as single path Rayleigh fading

	Link to system interface
	Constrained Capacity ESNR method to calculate supportable data rate and PER 

	Number of bits for spatial differential CQI
	3 bits

	CQI feedback delay
	Minimum 3 ms, (effectively 3-5ms)

	CQI feedback period
	3 ms

	CQI reporting granularity in frequency
	Wideband CQI

	MCS selection
	<=10% of the raw BLER + Backoff (adjusted with an outer-loop as specified in Appendix)

	Receiver Configuration
	LMMSE, SIC  with zero and large delay CDD structure

	Scheduling algorithm
	Proportional Fair, Throughput Filter time constant=1.5s

	Warmup Duration [s]
	1.5

	Simulation Duration [s] (over 57 cells)
	10


Table 1

Simulation Assumptions

The Urban Macro Spatial Channel Model in [6] is used in generating the fading channel with the TU power delay profile [4]. 
Wideband CQI is computed with periodicity of 3 ms and measurement delay of 3 ms. Thus the average delay is 4 ms. Also in the simulations, 3 bits are assumed for spatial differential CQI.

The other simulation assumptions are summarized in Tables 2:

	Carrier Frequency
	Site-to-site Distance

(m)
	Penetration Loss

(dB)
	Speed (km/hr)
	Propagation Model

	2 GHz
	500
	20
	3
	L = 128.1 + 37.6 Log10(R[km])


Table 2

Propagation Scenario
The remaining assumptions pertaining to the modelling details are specified in Appendix A.

2.2 Results

In this section, we compare the system performance of Linear MMSE and MMSE- SIC receiver configurations at medium-to-high UE speeds of 30 and 60 km/h. Furthermore, the system performance of each receiver configuration is analyzed in two scenarios:
· Large delay CDD
· Zero delay CDD 
The results are shown in Table 2 and depicted in Figure 1. The simulations confirm that the SIC gain is clearly observed in the medium-to-high Doppler channels (e.g., 30km/h and 60km/h). At the same time, due to the well-known robustness, the large delay CDD clearly shows the better throughput performance than the zero-delay CDD in 30km/h and 60km/h for both the linear MMSE and the MMSE-SIC receiver type, and the gap becomes larger as the Doppler speed increases from 30km/h to 60km/h.

In short, on top of previous system and link simulation results in [2]-[3], we additionally showed that the SIC gain is especially beneficial for the higher Doppler channel, and the SIC based advanced UEs take the advantage of robustness of large-delay CDD mode, confirming that the conjecture that we might not achieve the SIC gain in the high Doppler channel is groundless.    
	Speed
	LMMSE 
 Zero Delay CDD
	LMMSE 

 Large Delay CDD
	MMSE-SIC

Zero Delay CDD
	MMSE-SIC

Large Delay CDD

	30km/h
	15.06
	15.58
	15.83
	16.38

	
	Gain over LMMSE Zero Delay CDD [%]
	3.43
	5.12
	8.73

	60km/h
	13.72
	14.25
	14.39
	15.29

	
	Gain over LMMSE Zero Delay CDD [%]
	3.88
	4.89
	11.47


Table 2: Cell Throughput [Mbps] of different receiver structures for different speeds
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Figure 1: Cell Throughput [Mbps] of different receiver structures for different speeds
Table 3 and Figure 2 additionally compare the throughput performances among LMMSE receiver, MMSE-SIC receiver with no delta CQI, and MMSE-SIC receiver with delta CQI for the large-delay CDD precoding mode. We obviously observe that most of the SIC-based throughput gain comes only when the SIC receiver is cooperatively supported by the enhanced CQI report (delta CQI).
	Speed
	LMMSE
	MMSE-SIC

No delta CQI
	MMSE-SIC

	30km/h
	15.58
	15.71
	16.38

	
	Gain over LMMSE[%]
	0.87
	5.12

	60km/h
	14.25
	14.40
	15.29

	
	Gain over LMMSE[%]
	1.05
	7.31


Table 3: Cell Throughput [Mbps] of different receiver structures and CQI reports with large delay CDD
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Figure 2: Cell Throughput [Mbps] of different receiver structures and CQI reports with large delay CDD
3
Conclusions
In this document, we showed that the advanced UEs clearly achieve the noticeable SIC gains in the medium-to-high Doppler channel through system simulations. The simulation results as well as the previous system and link simulation results in [2]-[3] confirm the benefit of SIC operation in the higher Doppler channels as well as low Doppler channels. Furthermore, we showed that both the SIC and linear MMSE receiver types obviously take the advantage of robustness of the large-delay CDD mode. Finally, we showed that most of the SIC-based throughput gain is achievable only when the SIC receiver is cooperatively supported by the enhanced CQI report (delta CQI).  
Based on all the analyses, we conclude that the signalling for all spatial multiplexing modes (zero/small/large delay CDD) should enable achieving the shown performance benefits realized by the use of SIC receivers.

An additional signalling configuration to support “no use of delta CQI field” needs a further study.    
As the delta CQI of the large-delay CDD mode needs a smaller dynamic range than that of the zero/small-delay CDD mode and only non-negative values, some of the delta CQI fields (e.g., negative values) need to be reserved if a single uplink control channel format is adopted for all the spatial multiplexing modes, which effectively reflects the St. Louis agreement of “tailored reduced feedback for large delay CDD”. 
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A
Appendix I
A.1
Packet Formats


The packet formats are given by modulation and code rates specified in Table A-1.
	Modulation
	Code Rate

	QPSK
	1/8

	QPSK
	1/6

	QPSK
	¼

	QPSK
	1/3

	QPSK
	½

	QPSK
	3/5

	QPSK
	2/3

	QPSK
	¾

	QPSK
	4/5

	16QAM
	½

	16QAM
	2/3

	16QAM
	¾

	16QAM
	4/5

	64QAM
	2/5

	64QAM
	½

	64QAM
	3/5

	64QAM
	2/3

	64QAM
	17/24

	64QAM
	¾

	64QAM
	4/5


Table A-1:
Modulation and Code Rates

The retransmissions are assumed to have the same modulation order and code rate and are synchronous (with 6 HARQ interlaces). As we assumed an IR or the HARQ, the retransmissions generally reduce the channel code rates. 
A.2
CQICH and Rank/Precoder Adaptation
In MIMO case, AWGN modulation-order constrained capacity is computed for each precoding matrix. The power scaling ensures that the total transmitted power from selected precoding matrix corresponds to the maximum Node B transmit power. Appropriate cross-layer interference is used for computation of MMSE SINR. 

The sum capacity over all tones is computed for each precoding matrix. Corresponding backoffs are applied to the SNR computed for each layer before precoder selection is done:

a) A gap to capacity of 1.5 dB

b) Channel estimation backoff based on UE geometry (pilot SNR)

c) CQI backoff of 1.0 dB is applied to each layer before the capacities for different precoders are compared.
A.3
Rate Prediction Thresholds

The rate prediction thresholds corresponds to 10% BLER points given by AWGN curves for each packet format. 

A.4
Spatial Channel Modelling

A modified version of spatial channel modelling [6] is used, where the path delays and path profiles are the same as Typical Urban (TU) [4] and the propagation model is same as specified in Table 2:

	Channel Scenario
	Urban Macro

	Mean AS at the BS
	8 degree

	Sub-path AoD offsets
	2 deg AS


Table A-3: Spatial Channel Models optional parameters
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