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1 Introduction

In  3GPP TR 36.913 v8.0.0 (2008-06), it is specified that LTE-Advanced should target a downlink peak data rate of 1 Gbps and an uplink peak data rate of 500 Mbps. This indicates that the uplink peak data rate has increased from 50 Mbps to 500 Mbps as LTE evolves to LTE-Advanced. An important component to enable such a throughput increase on the uplink is the application of spatial multiplexing. 

In RAN #56, an agreement on the way forward on the Uplink Spatial Multiplexing (UL-SM) specified the following: 

· Transmission with the same layer mapping as downlink LTE Rel-8 with a maximum of 2 codewords.
· The number of MCS fields is FFS. 
· The impact on performance of spatial bundling of HARQ parameters to be verified in TSG-RAN WG1 #56bis.

· There is a possibility to configure UL spatial multiplexing with or without time domain layer shifting.
This agreement was captured as a text proposal in [6]. 
In this contribution, we will study effect of the number of MCS fields, spatial bundling of HARQ parameters and time-domain layer shifting on the performance of uplink spatial multiplexing and based on our results, draw conclusions on how UL-SM should be specified. 
2 Number of MCS Fields
In this section, we study the effect of the number of MCS fields (1 or 2) on the performance of UL-SM.  It is necessary to study this issue first as it has a direct impact on the effectiveness of bundling and layer shifting.  The number of MCS fields signalled affects the size of the Physical Downlink Control Channel (PDCCH).
It has been agreed that UL-SM transmission will occur with the same layer mapping as Rel. 8 with a maximum of 2 codewords. Signalling the MCS level of each codeword could be done with 1 MCS field each or with one MCS field for both codewords. The use of UL-SM with 2 MCS fields results in an increase in the overhead of the downlink control channel information sent to the UE when it is scheduled. However, simulation results show that sending 2 MCS fields has a significant throughput performance advantage over sending 1 MCS field to the scheduled UE.
To illustrate the performance benefit of 2 MCS fields, in Figure 1, we compare the performance of UL-SM in different bundling  and layer shifting scenarios for the 2 x 2 Minimum Mean Square Error Successive Interference Cancellation (MMSE-SIC) receiver. The results are summarized in Table 1. Note that the table refers to the relative improvement of 2 MCS over 1 MCS for the scenario in question (i.e. no comparison between the rows). 
	Scenario
	Gain of 2 MCS vs 1 MCS Tx  @ 3.5bps/Hz

	No layer shifting and bundling (NOLS-1HARQ)
	~1 dB

	No layer shifting and no bundling (NOLS-2HARQ)
	~1.2 dB

	Layer shifting and bundling (LS-1HARQ)
	~3dB

	Layer shifting and no bundling (LS-2HARQ)
	~ 2 dB


Table 1: Performance Gains of Uplink Spatial Multiplexing with 1 and 2 MCS fields signaled.
As seen from the table above, in all cases, signalling 2 MCS fields provides significant performance improvements in all the scenarios discussed. This behaviour is expected in the non-layer-shifting case as both codewords are transmitted on different effective channels. Layer shifting, which ensures that the effective channel SINRs are similar,, the use of the successive interference cancellation receiver results in two different effective channel SINRs that can be exploited by the rate selection algorithm to improve the performance of the 2 MCS field case over the 1 MCS field case.

Concerns about overhead increases on the DL control channel can be mitigated by the use of a full MCS field and a Delta MCS field as opposed to two full MCS fields in the PDCCH. 
Conclusion:  Two MCS Fields should be supported. 
3 HARQ ACK/NAK bundling
In this section we study the effect of spatial bundling of HARQ parameters on the performance of the UL-SM. The use of UL-SM doubles the number of ACKS/NAKs sent on the Physical Hybrid ARQ Channel (PHICH).  Spatial bundling uses one set of HARQ parameters for both codewords and thus reduces the overhead required in the PHICH for UL-SM. 
To study the effect of HARQ ACK/NAK bundling, we compare the performance for different layer shifting and number of MCS field scenarios. The results are summarized in Table 2. Note that the table refers to the gains of full ACK/NAK transmission over ACK/NAK bundling for the scenario in question. 
	Scenario
	Gains without HARQ bundling @  3.5 bps/Hz

	No layer shifting with 2 MCS (NOLS-2MCS)
	~0.5 dB

	No layer shifting with 1 MCS (NOLS-1MCS)
	~0.3 dB 

	Layer shifting with 2 MCS (LS-2MCS)
	~0.2 dB 

	Layer shifting with 1 MCS (LS-1MCS)
	~ 0.2 dB


Table 2: Performance Gain of Uplink Spatial Multiplexing without HARQ ACK/NAK bundling.

As can be seen from the table above, the loss with HARQ bundling is minimal with layer shifting and less than 0.5 dB without layer shifting. As such, we propose that bundling should be adopted.
The success of layer bundling is predicated on a correlation between the success/failure of the multiple layers. With the use of the post-decoded SIC receiver, the correlation is high. This is because if one layer succeeds, the probability that the second layer succeeds can be increased by scaling back the aggressiveness of the rate selection algorithm for the second stream.  
Conclusion: HARQ bundling should be supported.
4 Time Domain Layer Shifting

In this section, we study the effect of time domain layer shifting on the performance of UL-SM. In time domain layer shifting, the layer each codeword is transmitted on is changed on the order of an SC-FDMA  modulation symbol.  The layer shift is done in the time domain, before the Discrete Fourier Transform (DFT) block in the uplink transmission chain. . (This process can be done in the frequency domain with the same periodicity to substantially simplify the demodulation/decoding process). As the two codewords are transmitted on all layers, the differences in the spatial channels are averaged out and both codewords have the same effective SINR. 
The performance improvement of layer shifting over non-layer shifting in different bundling and number of MCS scenarios is shown in Table 3. Note that the table refers to the gains of no layer shifting over layer shifting for the scenario in question.
	Scenario
	Improvement over layer shifting @  4 bps/Hz

	Bundling and 2 MCS (1HARQ-2MCS)
	~0.25 dB

	Bundling and 1 MCS (1HARQ-1MCS)
	~1.5 dB

	No Bundling and 2 MCS (2HARQ-2MCS)
	~1 dB

	No Bundling and 1 MCS (2HARQ-1MCS)
	~ 1.5 dB


Table 3: Performance of Uplink Spatial Multiplexing with Time Domain Layer Shifting.

From the table above, layer shifting is shown to perform worse in all  cases than non-layer shifting. From sections 2 and 3, we have shown that bundling with 2 MCSs has a good trade-off of overhead with performance (the scenario in grey). As such, the discussion will concentrate on this scenario. The table above shows that layer shifting provides no performance improvement to HARQ bundling for this configuration although the loss is minimal at ~0.25 dB. Thus, for the configuration simulated, we add complexity to the system without any clear benefits.

Note that if an MMSE receiver is used, the same MCS will be transmitted on both streams and 1 MCS field can be used. Layer shifting will provide benefits in this scenario. However, for the SIC receiver, the gain in SNR resulting from the inter-stream interference cancellation results in the correlation of the ACKs/NAKs as discussed earlier. Thus layer shifting has minimal impact on the performance of HARQ bundling and its use needs to be justified 
Conclusion: Support for layer shifting needs to be justified. 
5 Simulation Results and Parameters
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Figure 1
	Parameter
	Value

	Bandwidth
	5 MHz

	IFFT/FFT size
	512

	Receivers
	LMMSE, SIC

	Fading Model
	SCM Urban Micro@ 3km/h.

	Number of UE Tx antennas
	2

	Number of eNB antennas
	2

	Channel and Noise estimation
	Ideal

	Link Adaptation 
	QPSK, 16QAM, 64 QAM, 

	HARQ
	Synchronous, Chase combining

	Max number of transmissions
	4 (including original)

	Sampling Frequency
	7.68 MHz

	Number of RB allocated
	6

	Number of SC-FDMA symbols per TTI
	10


Table 4: Simulation Parameters
6 Conclusions
In conclusion, based on our simulation results, we propose the following:

1. Two MCS Fields should be supported.
2. HARQ bundling should be supported 
3. Support for layer shifting needs to be justified.
7 References
[1]. 3GPP TS 36.211 V8.5.0 (2008-12), Physical Channels and Modulation.
[2]. 3GPP TS 36.212 V8.5.0 (2008-12), Multiplexing and channel coding.
[3]. 3GPP TS 36.213 V8.5.0 (2008-12), Physical layer procedures.
[4]. R1-083136, “Further Analysis on Uplink SU-MIMO for E-UTRA”, Texas Instruments, 3GPP TSG RAN WG1 #54, Jeju, South Korea, August 18 – 22, 2008.

[5]. R1-091093, “Uplink SU-MIMO in LTE-Advanced,” Ericsson, 3GPP TSG-RAN WG1 #56, Athens, Greece, Feb 9 – Feb 13, 2009.

[6]. 3GPP TR 36.814 V0.4.1(2009-02) ,











































































