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1. Summary
In 3GPP LTE technical report [1], link adaptation is specified in Section 7.1.2.2 on page 28, and it supports “different modulation schemes and coding rates may be applied to different streams in case of MIMO” and “The use of power and modulation adaptation per resource block is FFS”. This contribution investigates the performance of modulation and power adaptation for precoded MIMO, where adaptive bit/power loadings (ABL and APL) are conducted across beamformed spatial channels. Namely, a different modulation order and power level can be employed for each data stream, and the order and level remain constant for one resource block per stream. Simulation results demonstrate that ABL can improve the performance of uniform bit loading (UBL) by up to 2.5 dB, where UBL employs the same modulation order for all streams. In addition, power loading can further improve the ABL performance by up to 1 dB. We suggest that both modulation and power adaptation should be considered for further study and be included in TR25.814. 
2. Application Scenario and System Model
An efficient scheme for bit and power loading is as follows. It should be noticed that it doesn’t need any feedback in addition to that of precoding, i.e. the beamforming matrix index. Node B observes uplink channels. By transposing the channels, Node B computes the mean channel qualities of the corresponding downlink channels, where the averaging is over frequency and time. Since the antenna correlations and channel attenuation are reciprocal between the downlink and uplink, the averaged channel qualities of the downlink are obtained at Node B.  Without additional feedback from the UE, Node B employs the averaged channel qualities to conduct modulation and power adaptation, i.e. ABL and APL. The transmitter diagram of the base station is shown in Fig. 1. In Fig. 1, uniform bit loading (UBL) employs the same modulation order for all streams, i.e. loads the same amount of bits for each stream. Similarly, uniform power loading (UPL) evenly distributes transmission power to each stream. 
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Figure 1. Example transmit architecture for MIMO with precoding, adaptive bit loading (ABL), and adaptive power loading (APL).
3. Performance Results and Conclusion
Details of link layer, H-ARQ, and channel-modeling assumptions are found in the Appendix. The details of the precoding scheme are in [2]-[6]. The antenna correlation at the base station is set to 0.75 according the result in the latest SCME macro-cell channel model. MMSE receiver is employed because the interference across streams is mitigated by SVD beamforming, i.e. precoding, at the transmitter. The throughputs of open-loop space-time coding (STC), precoding with UBL, precoding with ABL, precoding with ABL plus APL are plotted in red, black, blue, and green respectively in Fig. 2-4. Precoding outperforms STC by 3-5 dBs due to transmit beamforming and the interference mitigation of SVD beamforming at the transmitter. The ABL delivers more than 1 dB gain over UBL in medium and low SNR regions for the three antenna configurations: 2x2, 4x2, and 4x3. In Fig. 2, UBL in black suffers from the inefficient, weak channel in low SNR region due to high antenna correlation while ABL is not affected, because ABL puts fewer bits in the weak channel and more in the strong. Power loading (APL) further improves ABL by another 1 dB at low SNR region for 2x2. In Fig. 4, power loading optimization of APL suggests that two out of three spatial streams are employed in low SNR region to maximize throughput. The gain of precoding, ABL, and APL are additive and no degradation is seen from putting them together. Since the significant gain is obtained without additional feedback overhead, it is desirable to include the bit and power loading for MIMO in the further study phase. 
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Figure 2. Throughput comparison for 2 by 2 downlink channel with 2 data streams.  Throughputs of space-time coding, precoding with UBL, precoding with ABL, precoding with ABL plus power loading are plotted. UBL in black suffers from the inefficient, weak channel in low SNR due to high antenna correlation. 
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Figure 3. Throughput comparison for 4 by 2 downlink channel with 2 data streams.  Throughputs of space-time coding, precoding with UBL, and precoding with ABL are plotted.
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Figure 4. Throughput comparison for 4 by 3 downlink channel. Throughputs of space-time coding, precoding with UBL, and precoding with ABL are plotted. In the low and medium SNR regions, the MIMO scheme that touches the throughput hull employs two data streams. Power loading 
4. Text Proposal for TR25.814
--- Start of Text Proposal ---

7.1.2.2  Link adaptation
Link adaptation (AMC: adaptive modulation and coding) with various modulation schemes and channel coding rates is applied to the shared data channel. The same coding and modulation is applied to all groups of resource blocks belonging to the same L2 PDU scheduled to one user within one TTI and within single stream (i.e., different modulation schemes, power levels, and coding rates may be applied to different streams in case of MIMO). This applies to both localized and distributed transmission.
The overall coding and modulation is illustrated in Figure 7.1.2.2-1
The use of power and modulation adaptation per resource block is FFS. 
--- End of Text Proposal ---
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6. Appendix
Tables A.1 and A.2 show some of the key link-level and channel modeling assumptions.  

Table A.1– OFDMA simulation parameters
	Issues
	Details

	DL Modulation
	QPSK, 16QAM, 64QAM

	Coding for data channel and Mother code rate
	Turbo, 1/3(3/4

	Non-ideal receiver functions
	Ideal channel estimation 

	Subframe duration
	0.5ms

	Transmission BW
	10MHz

	Usable subcarriers
	600

	CP Length 
	Long

	Number of OFDM symbols per subframe
	4 (data) + 2 (pilot) 

	RB size
	25 tones, 1 sub-frame

	Block size
	FEC block fills up one RB block.

	HARQ
	Bit level Chase combining. The maximum retransmission number is 4.  Synchronous transmission with a period of 4 subframes. 

	Target PER
	1%


Table A.2 – Channel model assumptions
	Parameter
	Assumption

	Carrier Frequency / Bandwidth
	2 GHz

	Channel model
	Typical Urban (TU) with spatial extension

	Spatial channel model
	Tx/Rx correlation matrices

	Tx correlation 
	0.75 according to the latest SCME model

	Rx correlation
	0

	UE speed
	3km/h

	Target PER
	1%

	Feedback delay (between channel estimation and beam-forming application)
	10 TTI = 5 ms

	Feedback period
	5 ms (3 km/hr)
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