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1. Introduction

MIMO work item started to improve the data throughput performance in Release 6 [1]. To increase the data throughput, independent data streams are proposed to send simultaneously via transmit antennas. When a MIMO scheme is applied for HS-DSCH, the CQI value for each data stream should be signaled to Node B for MCS selection. If K data streams are transmitted simultaneously and current CQI table in [2] is used for each data stream, there are a large number of combinations of CQI, e.g. 31K. The required CQI table increases exponentially as the number of data streams increases. Since large feedback overhead should be avoided, we consider the effect of CQI table size on the performance of MIMO system in this contribution. 

2. Preliminary results and discussions


Since multiple data streams can be transmitted simultaneously over HS-DSCH, an extended CQI table may be required. We assume that the CQI table for UE category 10 in [2] is used for each data stream. We can form an example of extended CQI table for 4 streams transmission as Table 1. If we employ 2 streams transmission, the corresponding table size is reduced to 312 as table 2. We assume that the extended table is arranged according to the number of transmitting bits per TTI. When the number of CQI feedback bits is limited to m bits in K streams transmission, a new reduced table can be constructed by selecting every 31K/2m CQI indices. For example, if m is equal to 6 and K is equal to 4, an element of reduced table is chosen every 14430 (= 314/26) indices. Although we can obtain more optimized table with some algorithms, we get insights with this simple construction. In this contribution we consider the impact of CQI table size on the throughput performance for 4 streams and 2 streams transmission. We assume that a MIMO scheme sending 4 streams is PARC [1] and a MIMO scheme sending 2 streams is D-TxAA [3]. It is assumed that the scheduler always selects the reported CQI as MCS of current data. The impact of the reduced CQI table on the performance is investigated in computer simulation. The detailed simulation environments are summarized in table 3. 

Table 1. Example of extended CQI table for 4 streams transmission.
	Index
	Antenna 1
	Antenna2
	Antenna 3
	Antenna 4

	0
	CQI0
	CQI0
	CQI0
	CQI0

	1
	CQI0
	CQI0
	CQI0
	CQI1

	2
	CQI0
	CQI0
	CQI1
	CQI0

	3
	CQI0
	CQI1
	CQI0
	CQI0

	4
	CQI1
	CQI0
	CQI0
	CQI0

	…
	…
	…
	…
	…

	314-1
	CQI30
	CQI30
	CQI30
	CQI30


Table 2. Example of extended CQI table for 2 streams transmission.
	Index
	Antenna 1
	Antenna2

	0
	CQI0
	CQI0

	1
	CQI0
	CQI1

	2
	CQI1
	CQI1

	…
	…
	…

	312-1
	CQI30
	CQI30


Table 3. Simulation environments.

	Antenna configuration
	(4,4)

	TTI
	2 ms

	Channel model
	single path Rayleigh

	Mobile speed
	3 km/h

	Channel correlation
	i.i.d

	Channel estimation
	Perfect

	Ec/Ior
	70 %

	CQI table per stream
	Based on UE category 10 in [2]

	Number of feedback bits for CQI
	5/6/8/10 bits

	MIMO scheme
	4 streams: PARC

2 streams: D-TxAA

	FER target
	10 %

	CQI feedback delay
	7 slots

	CQI feedback error
	none

	Weight feedback delay for D-TxAA
	0 slot

	Weight feedback error for D-TxAA
	none

	Weight quantization for D-TxAA
	infinite precision

	Spreading factor
	16

	HARQ
	Chase combining

	Maximum number of transmissions
	4

	Retransmission delay
	6 TTIs

	Detector
	MMSE followed by interference canceller

	Output metric
	single user throughput



In figure 1, single user throughput performances for 4 and 2 streams transmission are shown. As shown in the figure, when the number of feedback bits is limited, we can see the performance degradation. Therefore, it is required to design carefully CQI table so that performance degradation can be reduced, in particular, when four streams are transmitted simultaneously. When two streams are transmitted simultaneously, performance loss is relatively small. 

3. Conclusions


We briefly investigate the impact of the limitation of the CQI feedback on the performance. Multiple data stream transmission increases throughput, however, it requires a large amount of feedbacks. Since reduced CQI table results in a throughput loss, careful design of CQI table is required. 

When four streams are transmitted simultaneously, this impact seems to be more significant. 

4. References

[1] 3GPP TR 25.876 v.1.2.1, Multiple-input multiple output in UTRA .

[2] 3GPP TS 25.214 v.5.7.0, Physical layer procedures (FDD).

[3] R1-040222, Double TxAA for MIMO, LG Electronics.
[image: image1.png]Throughput (Mbps)

4 streams 2 streams
% T 2 —
& fll (20 bits) &= fll (10 bts)
—o- 10 bits —6- Bbits
W} - Bbits e s B bils
- B bits 20} —+ 5 bits
—— Shbits -
%
£15
2 s
1 g1
£

10

o 5 1 15
lorfloc (d4E)

o 5 1 15
lorfloc (d4E)








(a)


  (b)

Figure 1. Impact on the single user throughput performance according to the limited number of feedback bits for CQI. (a) 4 streams (PARC) and (b) 2 streams (D-TxAA).









































































