3GPP TSG RAN WG1#58bis  




 





               R1-093849
Miyazaki, Japan, Oct 12-16, 2009
Agenda Item:    7.6.2
Source:
Huawei
Title:
UL TX diversity for PUSCH
Document for:
Discussion/Decision
1 Introduction
Open loop uplink transmit diversity schemes for PUSCH in LTE-A, to at least maintain the same uplink coverage as in LTE, have been discussed in a number of contributions [1-7]. Their common characteristic is that the single carrier property is preserved. The candidates for 2 TX antennas are mainly

· FSTD

· CDD

· M-SFBC

· STBC

As it can not always be guaranteed that there are an even number of SC-FDMA symbols within one sub-frame, STBC faces the pairing problem [8]. To solve the pairing problem, CDD or FSTD is proposed to be used in the unpaired symbol [2][4]. For the convenience of the following discussion, the combinations of STBC with FSTD or CDD used in the unpaired symbol are denoted as
· STBC(CDD) 
· STBC(FSTD)
In LTE-A, two and four antennas are the antenna configuration to support multiple antennas transmission. For 4 TX diversity scheme, it can be obtained by directly extending the above 2TX candidate schemes as below
· 4TX FSTD

· 4TX CDD

· M-SFBC+FSTD [12]

· STBC+FSTD [13]
In addition to open loop transmit diversity schemes, closed loop rank-1 precoding is supported in LTE-A and should thus also be considered as a way to maintain coverage 
· Rank-1 closed loop precoding
In this document, the link level performance of the transmission schemes listed above are compared under different conditions, such as high frequency selective/flat fading channel, high/low coding rate, high/independent channel correlation and low/high mobility. Furthermore, the complexity of the open loop 2TX transmit diversity candidate schemes is analyzed and compared.                                                                 
2 Link simulation results
The simulation assumptions and the BLER curves of different simulation cases can be found in Appendix I and II respectively. The required SNR for each scheme to reach 0.1(10%) BLER target for a 3 and 120 km/h users are summarized in Table 1, Table 2 and Table 3.
Based on the simulation results, we make the following observations:

1. CDD is sensitive to antenna correlation, which is the same observation as in LTE. In high correlation, there is about 1.4dB (1/3 code rate) and 2.6dB~3dB (2/3 code rate) performance loss compared to other schemes. 

2. CDD and FSTD have large performance loss at the high code rate in the case of independently fading spatial channel. 

3. Rank-1 closed loop precoding has much better performance than open loop transmit diversity schemes at low mobility scenario, the gain over STBC is about 2.3dB~4.0dB. However for high mobility, the performance of rank-1 closed loop precoding is worse than STBC and M-SFBC because the selected precoding vector can not accurately track the channel variation.
4. At low mobility, the open loop scheme perform similar in most scenarios with a slight advantage (0.4 dB) for the STBC based schemes for the case of a wide bandwidth (5 RB) and high code rate allocation in a frequency selective channel. This benefit of STBC over M-SFBC will reduce and vanish at higher UE speeds, flatter channels or narrower bandwidth allocations. 
5. For each candidate scheme, its corresponding 2TX and 4TX diversity scheme has better performance in frequency selective channel (TU) and flat fading channel (FL) respectively. Hence the performance of 4TX diversity scheme is the trade off of diversity gain and channel estimation performance loss. Among the 4TX candidate schemes, there is the same performance relationship between them as in 2TX case
Table 1 The required SNR [dB] to reach BLER=0.1 at 3km/h for 2 TX antennas. The open loop  scheme(s) that require the lowest SNR is marked with green.
	  Antenna correlation
	(Tx,Rx)=(0,0)
	   (Tx,Rx)=(0.9,0.5)

	Channel model
	   TU channel
	Flat channel
	   TU channel

	Number of RB
	     1RB
	     5RB
	5RB
	5RB

	Code rate
	 1/3
	 2/3
	 1/3
	 2/3
	 1/3
	 2/3
	 1/3
	 2/3

	FSTD
	3.0 
	9.0 
	1.3 
	6.5 
	0.5 
	5.6 
	2.4 
	7.6 

	CDD
	3.4 
	8.6 
	1.4 
	6.4 
	0.6 
	5.2 
	3.8 
	10.2 

	M-SFBC
	2.7 
	6.9 
	1.1 
	5.8 
	0.0 
	4.1 
	2.4 
	7.3 

	STBC
	2.8 
	7.0 
	0.9 
	5.4 
	0.2 
	4.2  
	2.4 
	7.2 

	STBC(CDD)
	2.8 
	7.2 
	0.9 
	5.4 
	0.2 
	4.2 
	2.4 
	7.3 

	STBC(FSTD)
	2.8 
	7.1 
	0.9 
	5.4 
	0.2 
	4.2 
	2.4 
	7.2 

	Rank-1 closed loop precoding
	-1.4
	2.9
	-1.4
	3.3
	-2.5
	2.0
	-0.9
	       4.2


Table 2 The required SNR [dB] to reach BLER=0.1 at 120km/h for 2 TX antennas. The scheme(s) that require the lowest SNR is marked with green
	Channel model
	TU channel
	   Flat channel

	Number of RB
	   5RB
	5RB

	Code rate
	 1/3
	 2/3
	 1/3
	 2/3

	                  STBC
	           0.6
	5.2
	-0.4
	4.1

	                  M-SFBC
	0.7
	5.5
	-0.6
	3.9

	    Rank-1 closed loop precoding
	1.1
	         6.3
	1.0
	5.7


Table 3  The required SNR [dB] to reach BLER=0.1 at 3km/h for 4TX antenna schemes. The 4TX scheme(s) that require the lowest SNR is marked with green.
	Channel model
	TU channel
	   Flat channel

	Number of RB
	   5RB
	5RB

	Code rate
	 1/3
	 2/3
	 1/3
	 2/3

	                  4TX FSTD
	1.5
	6.6
	0.0
	5.0

	                  4TX CDD
	1.8
	6.6
	0.3
	5.0

	                 STBC+FSTD
	1.2
	5.5
	-0.2
	4.1

	                 M-SFBC+FSTD
	1.4
	5.9
	-0.4
	3.9


3 Discussion on uplink transmit diversity
In order to support backward compatibility in LTE-A system, it is claimed that the cell coverage for LTE-A UEs should be basically identical to that for LTE Rel-8 UEs. So to enable LTE-A UEs to connect with LTE Rel-8 eNB, LTE-A UE could be equipped with at least one 23dBm power amplifier (PA) [10]. With this kind of PA configuration, it is straightforward to claim that LTE-A UE would be able to work using one antenna with 23dBm PA as a LTE Rel-8 UE to maintain the same cell coverage instead of transmit diversity.
The main purpose of transmit diversity for PUSCH is to maintain or extend cell coverage. Compared to LTE Rel-8 uplink single antenna transmission, there is a large gain (up to 4.4 dB [11]) for the candidate diversity schemes, which implies that uplink transmit diversity can further increase the cell coverage of LTE Rel-8. Alternatively, given the same cell coverage for both LTE-A and LTE Rel-8 systems, the gain from transmit diversity can be used to reduce the total UE transmission power and the PA backoff operating point. Hence, transmit diversity may reduce UE power consumption and also reduce the inter-cell interference. Therefore, even though a UE has a 23 dBm PA and may have the same coverage as a Rel.8 UE with single antenna transmission, transmit diversity is still beneficial and should be considered for PUSCH.
According to the evaluation results in section 2, rank-1 closed loop precoding shows large performance gain compared to the open loop schemes at low mobility (low mobility with respect to the SRS sounding period to measure the channel for the closed loop precoding). Since closed loop precoding in LTE-A uplink is agreed to be supported [9], rank-1 closed loop precoding is the proposed scheme for the low mobility scenario. In the case of high mobility, the performance of rank-1 closed loop precoding is degraded or worse than open loop transmission because the used precoding vector can not match the channel due to the fast channel variation. In this scenario open loop transmit diversity is beneficial. 
4 The complexity analysis of 2TX transmit diversity candidate schemes
Before analyzing the complexity of these candidate schemes, let’s first look at the transmitter structure of each candidate scheme which for 2 TX antennas are illustrated by Figure 1-a ~Figure1-d.
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                                                                     Figure1-a M-SFBC
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Figure1-b    STBC
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                                                                     Figure1-c   FSTD
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                                                                     Figure1-d   CDD

It can be observed from Figure 1a-1d. that the operation for sub-carrier mapping is almost same for each scheme, but there exists differences for DFT and intermediate operation among the candidate schemes. 
In Table 1, the complexity in the UE in terms of the required number of multiplex multiplication for these candidate schemes at each SC-FDMA block is analyzed as shown in Table 1. 
Table 1 Complexity comparison for the transmitter (UE)
	Operation
	       M-SFBC
	       STBC
	          FSTD 
	              CDD

	DFT
	One N-point DFT 

(N2)
	One N-point DFT 

(N2)
	Two N/2-point DFT 

(N2/2)
	One N-point DFT 

(N2)

	Intermediate operation
	- Reserving the sequence of DFT output
-  Cyclic shifting the reversed sequence

-  Conjugating on each element of cyclically shifted sequence 
- Adding minus sign on every other element 
	-Conjugating on each element of DFT output  

- Adding minus sign on each element of DFT output from even SC-FDMA block

                   
	-
	Phase rotation is done for each element of DFT output
(N)

	Total complexity
	N2
	N2
	N2/2
	N2+N


Note: 
· (N) denotes there are N times complex multiplication 

· Comparing the complex multiplication with four real multiplications and two real additions, the complexity of conjugation, adding minus sign, revering or cyclic shift can be neglected because these operations are only related with how to read the data from the memory. 
FSTD has the least complexity in terms of the number of complex multiplication, and CDD has the most complexity. The other two schemes M-SFBC and STBC have almost same complexity. Compared to STBC, the additional complexity for M-SFBC is marginal and difference involve only the reverse and cyclic shift operation of the length N sequence from the DFT output.
As mentioned in the introduction part, only STBC has the requirement of even number of SC-FDMA block for operation. Since it can not always be guaranteed that there is even number of blocks within one sub-frame in practical system, there will be a pairing problem and it currently occurs in the following cases: 
· Normal CP, slot hopping, SRS present
· Normal CP, w/o slot hopping, SRS present
· Extended CP, slot hopping
· Extended CP, w/o slot hopping, SRS present
These cases occur often in Rel-10 because more SRS resources will be needed compared to Rel-8 in order to support uplink multiple antenna transmission under the assumption that the principle of Rel-8 SRS is followed. In future, there may be additional changes to the slot structure to support more SRS symbols and guard periods for relay backhaul. This will introduce additional cases where the pairing problem occurs.

To solve the pairing problem, an additional transmit diversity scheme is be needed for the unpaired symbol or in some case two symbols, so two types of transmit diversity scheme need to be supported at UE side.  

Hence, schemes that avoid the pairing problem are highly desirable to keep the number of modes low and ensure compatibility to future releases. 
5 Conclusion
In this document, the performance of transmit diversity candidate schemes for two/four antennas and for PUSCH was evaluated and compared under different conditions. The simulation results and the discussion on uplink transmit diversity show that
· Uplink transmit diversity should be considered for PUSCH transmission from power consumption point of view.

· Rank-1 closed loop precoding and open loop transmit diversity are suitable for low mobility and high mobility respectively.
· CDD and FSTD are not robust since they have large performance loss in the case of high correlation and high code rate

· STBC and M-SFBC are more robust than CDD and FSTD among the open loop transmit diversity candidate schemes. At high mobility, STBC has similar performance with M-SFBC. 
· For high mobility and high frequency selective channel (TU) and 5 RB resource allocation, STBC has 0.1 dB and 0.3 dB gain over M-SFBC at code rate 1/3 and 2/3 respectively. The gain will be further reduced as the increase of mobility [4]. 
· For high mobility and frequency flat fading channel (FL), M-SFBC has about 0.2dB gain over STBC. 
· The performance of 4TX diversity is the trade off of diversity gain and the channel estimation performance loss. There is 4TX gain over 2TX diversity in the case of flat fading channel.
From the performance point of view, STBC and M-SFBC are the two best options. In addition, the complexity of these two candidate schemes at transmitter side is analyzed and compared. By comparison, the additional complexity for M-SFBC over STBC is the negligible complexity of a sequence reverse and cyclic shift.

However STBC has the pairing problem while CDD, FSTD and M-SFBC do not, and it is questionable whether the additional complexity of the STBC based scheme justifies the relatively small gain that could be achieved in some non-power limited scenarios where wideband allocation is possible. 
Furthermore, closed loop precoding should be used whenever beneficial, but for semi-persistent scheduling with a single RB allocation, e.g., VoIP, the SRS transmission period may be long so that closed loop operation does not work properly, and in this case, fallback to an open loop transmission scheme is beneficial. 

We thus propose that
· An open loop transmit diversity is defined in LTE-A for high mobility scenarios and/or when SRS transmission period is too long for closed loop operation to work 
· M-SFBC is selected as the open loop transmit diversity scheme for two antennas for PUSCH
· The selection of the open loop transmit diversity scheme for four TX antennas is the extension of the 2 TX antenna scheme for simplicity. 
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Appendix I
                                Table 2 Simulation assumptions

	Channel bandwidth 
	5MHz

	Sampling frequency 
	7.68MHz

	IFFT size
	512

	Sub-frame size
	1ms

	Data bandwidth
	1 or 5 localized RBs

	Frequency hopping
	No

	Channel model
	TU channel /Flat fading channel

	Channel correlation (Tx, Rx)
	(0,0), (0.9,0.5)

	Modulation
	QPSK

	Channel coding
	Turbo code, coding rate=1/3,2/3

	Antenna configuration 
	2 at UE and 2 at eNB
4 at UE and 2 at eNB

	Reference signal multiplexing
	CDM

	Channel estimation
	realistic

	UE velocity
	3km/h, 120km/h

	Precoding vectors used for rank-1 closed loop precoding
	2 Tx rank-1 codebook in [9]

	Precoding vector feedback delay
	4ms

	Frequency domain equalization
	LMMSE

	The number of delay samples for CDD
	            128

	The number of SC-FDMA symbols within one sub-frame used for simulation
	FSTD/CDD/M-SFBC/STBC: 12 

STBC(CDD)/STBC(FSTD) :  11


Appendix II
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