3GPP TSG RAN WG1#43                         R1-051403
Seoul, Korea, 7 – 11 November, 2005
Source: 
CATT
Title:


Modified PSRC scheme with stream number control for E-UTRA MIMO downlink
Agenda Item:
8.5
Document for:
Discussion and decision
1 Introduction
At the RAN1#42bis [1], a MIMO scheme combining beam-forming and spatial multiplexing is proposed for E-UTRA downlink to meet the requirements of E-UTRA defined in TR25.913 [2]. Beam-forming can increase the cell range, mitigate the inter-cell interference and save transmitter power. Spatial multiplexing can increase the data rate. When beam-forming and spatial multiplexing are combined in one MIMO scheme, beam-forming can also increase the performance of the spatial multiplexing.
The basic concept of combination beam-forming and spatial multiplexing can be seen as an example of PSRC scheme, in which each stream is weighted with beam-forming and transmitted from several antennas. The basic PSRC scheme with beam-forming can be found in R1-050799 [3], and more general description of it for E-UTRA downlink will be provided in section 2. Based on the basic PSRC scheme, a modified PSRC scheme with stream number control (SNC) is proposed in section 3. With the stream number control method, the PSRC scheme can adapt to the channel environments effectively and be extended to classical beam-forming technology easily.
2 Basic PSRC scheme with beam-forming
The basic transmission block of PSRC is shown in figure 1. The number of transmit antennas is M and the number of receive antennas is P. The key characteristic of the transmit antenna array is that the space between adjacent elements is relatively small, for example, the half wavelength. The M elements can be grouped into L sub-arrays in which the elements are adjacent. The number of the antenna elements in each sub-array are same and equal to N, thus M=L*N. L≤P should be guaranteed. For example M=8 and P=4, the number of stream L will be 4, 2 or 1, thus the number of antennas per sub-array will be 2, 4, or 8.

A single data stream is de-multiplexed into L low-rate streams. Each stream is encoded and modulated separately, with different modulation and coding scheme (MCS) according to the CQI per stream. Then each stream is replicated into N same copies, which are weighted before S/P and sub-carrier mapping. Beam-forming technology should be used to get the weights per stream. The L streams are mapped onto the same sub-carriers and OFDM modulated separately. The antennas grouping unit groups the transmit antennas to L sub-arrays according to the stream number. Finally the each stream is transmitted from the N antennas in each sub-array. 
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Figure 1, Basic PSRC scheme with beam-forming

3 Modified PSRC scheme with Stream Number Control (SNC)
In the basic PSRC scheme the data rate of each stream is controlled according to the CQI. The stream number control function has been subtly supported, when the 0 bit TBS is included in the MCS. But this manner of SNC only considers the date rate of each stream, but not considers the data rate of overall system. Simple rate control of each stream will lead to low system throughput due to the low SNR when channel environments are deep fading. It is well known that the more streams the higher SNR is required. So the stream number control according to the system throughput should be considered to adapt to the channel environments. It can be found that different number of steam can be supported in the basic PSRC scheme. The stream number control can be easily combined in that scheme. The combined PSRC scheme can be called as modified PSRC scheme with SNC.
The stream number control can be realized based on the rate control process. The transmission block and control process of the modified PSRC scheme with SNC is shown in figure 2. When the CQI of each stream is received by the BS, the sum of the corresponding TBSs will be computed. The supported data rate ranges for different stream numbers are different. Thus the stream number L for each user will be decided by the sum of TBS and the data rate range. When the stream number is changed, the antennas at the BS will be re-grouped according to the decided stream number L. When channel environment is bad, more antennas will be grouped in one sub-array and beam-forming gain will be increased to improve the SNR. The stream number information should be sent to the UE. But no additional signal bits are required in the modified PSRC scheme with SNC, because the stream number information should be available for any MIMO scheme which will coexist with SISO system.
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Figure 2, Modified PSRC scheme with Stream Number Control
4 Simulations
4.1 The performance with different antenna spacing

MIMO (spatial multiplexing) system required large antenna spacing to decrease the spatial correlation. But the large antenna spacing will result in large size of the BS antenna array. The usable antenna spacing should be evaluated. The link level simulations for 2x2 MIMO has been done with different antenna spacing at the BS. Table 1 lists the basic simulation parameters. There are two antennas at the BS. Different antenna spacing cases of the two antennas are considered, including 1, 2, 4, 8 and 10 wavelength. The number of antennas at the UE is two. The antenna spacing at the UE is half wavelength.
Table 1: The basic link level simulation parameters
	Parameters
	Assumption

	Transmission Bandwidth
	2.5MHz

	Timeslot duration
	0.675ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	3.84MHz

	FFT size
	256

	Number of occupied sub-carriers
	144

	Number of OFDM symbols per timeslot (short CP/long CP)
	9/8

	CP length (short /long)
	7.29us/16.67us

	Number of sub-channels 
	12

	Number of sub-carriers per sub-channel
	12

	Modulation
	QPSK

	Channel coding
	N/A

	Channel model
	Case I of SCM (PA)

	Channel estimation
	Ideal

	UE speed
	3km/h

	MIMO detection method
	MMSE


[image: image3.emf]-5 0 5 10 15 20 25

10

-3

10

-2

10

-1

10

0

Eb/No in dB

Raw BER

2x2 MIMO, case I of SCM, v=3km/h

spacing = 1 λ

spacing =2 λ

spacing = 4 λ

spacing = 8 λ

spacing = 10 λ


Figure 3, link level simulation results for 2x2 MIMO with different antenna spacing
The simulation results for one user who used one sub-channel are shown in figure 3. It can be found that the performance is increased as the antenna spacing increasing. But when spacing is larger than 2 wavelengths, the performance gain is slight. The detection performance is acceptable when spacing equal to one wavelength. 
4.2 The performance improvement with beam-forming
In order to give the performance effect of beam-forming, some similar simulations have been done according to previous simulation assumptions in Table 1. The antennas at the BS are supported to four and grouped into two adjacent sub-arrays. The space between the two antennas in each array is fixed as half wavelength. Different equivalent antenna spacing cases of the two sub-arrays at the BS are considered, including 1, 2, 4, 8 and 10 wavelength. For fair comparison, the transmission power of BS is fixed. When number of transmit antennas is increased to four, the power of each antenna is decreased to 1/4. The number of antennas at the UE is two and the antenna spacing at the UE is half wavelength.
The simulation results for one user who used one sub-channel are shown in figure 4. It can be found that the performance for different antenna spacing is very close. It can be concluded that beam-forming can improve the detection performance when equivalent antenna spacing is small. The smaller antenna spacing the more obvious improvement can be reached. These results can be found in figure 5.
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Figure 4, link level simulation results for 2x2 MIMO with beam-forming
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Figure 5, Performance improvement with beam-forming for different antenna spacing. 
4.3 The performance when stream number is changed
A modified PSRC scheme with stream number control is simulated in this section. The number of transmit antennas is 8 at the BS and the number of receive antennas is 4 at the UE. The space between transmit antenna is half wavelength. The basic simulation parameters are the same as the parameters listed in Table 1. Three scenarios are considered when stream number is change. 
· Scenario A: The transmit antennas are grouped into 4 sub-arrays. Each sub-array contains 2 antennas. Each stream is beam-formed and transmitted from one sub-array. 4 streams are transmitted and 4 receive antennas are used.
· Scenario B: The transmit antennas are grouped to 2 sub-arrays. Each sub-array contains 4 antennas. Each stream is beam-formed and transmitted from one sub-array. 2 streams are transmitted and 4 receive antennas are used.

· Scenario C: The transmit antennas are grouped to only one sub-array, which contains 8 antennas. One stream is beam-formed and transmitted from the sub-array. 4 receive antennas are used.

The simulation results are shown in figure 6. It can be found that the performance is very different from the different streams. The more streams the higher SNR is required. The reason of performance changed may be caused by the different inter-stream interference, different beam-forming gain and different receive diversity gain.
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Figure 6, Performance of PSRC-SNC when stream number is changed
5 Summary
In this section we summarize the description of modified PSRC scheme with stream number control.
(1) MIMO mode

PSRC-SNC scheme is combined with beam-forming and spatial multiplexing. When the number of streams is less than the number of receive antennas, receive diversity is achieved. 
PSRC-SNC scheme can be easily extended to classical beam-forming technology and SDMA. When only one sub-array is grouped at the BS, classical beam-forming technology can be used, including single user beam-forming (SU-BF) and multi user beam-forming (MU-BF). The latter is the concept of SDMA type I in R1-051175. When multiple sub-arrays are grouped at BS, spatial multiplexing technology can be used, including SU-MIMO and MU-MIMO. Both MU-BF and MU-MIMO need user grouping. When MU-BF or MU-MIMO is active, stream number control based on each user is inactive, because only one stream is transmitted to each user. The number of streams transmitted to multi user is decided by the BS scheduler according to, for example, the user grouping results. 
(2) Key features of PSRC-SNC
Because each stream is beam-formed in PSRC-SNC scheme, two different weights estimation methods should be considered for different duplex mode. For TDD mode, open loop estimation method should be used to decrease the feedback and pilots overhead.
The rate of each stream and the number of streams each user are controlled according to the CQIs.

When the number of streams is changed, the transmit antennas will be regrouped. The number of groups is decided by the number of streams. Each antenna group contains multi antennas with relative small spacing. 

Re-encoded stream based SIC is available because each stream is encoded and modulated separately. 

(3) Feedback overhead per UE
Compared with the basic PSRC scheme, no additional feedback overhead is required. And for TDD mode the beam-forming weights can be gotten by open loop estimation method.
The description of PSRC-SNC can be summarized in Table 2 which is similar with the table listed in R1-051267 [4].
Table 2: the summary of PSRC-SNC
	MIMO Scheme
	MIMO Mode
	Key Features
	Feedback overhead 
per UE

	PSRC-SNC
	-Beam-forming and spatial multiplexing

-Multiple encoded streams based SU(/MU)-MIMO

-Single(/Multiple) encoded stream(s) based SU(/MU)-BF
	- Different Beam-forming weights estimation methods for FDD and TDD.
- The rate of each stream and the number of streams are controlled.
- Antenna re-grouping is available. 
- Re-encoded stream based SIC is available
	- Multiple ACKs
- Multiple CQIs

- Single beam-forming weight index for FDD mode. No additional feedback is required for TDD mode.


6 Conclusions and Text Proposal 
In this contribution, a modified PSRC scheme with beam-forming and stream number control is proposed. Beam-forming can decrease the SNR requirement of spatial multiplexing and increase the effect range of spatial multiplexing. With stream number control method, the PSRC-SNC scheme can adapt to the channel environments effectively and be extended to classical beam-forming technology easily. Compared with the basic PSRC scheme, no additional feedback overhead is required. And for TDD mode the beam-forming weights can be gotten by open loop estimation method, no additional feedback and pilots are required. 
The text proposal to be included in TR 25.814 [5] is following:
----------------------------------------------Text proposal -------------------------------------------------------
7.1.1.4 MIMO
…
The possibility for using beam-forming method to encode each stream in PSRC scheme should be considered. The stream number should be controlled in addition to rate control of each stream. When the number of stream is changed, the transmit antennas re-grouping should be available.
…
----------------------------------------------End of text proposal -----------------------------------------------
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