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1 Introduction
Advanced E-UTRA targets significantly increased peak data rates, e.g., up to 500 Mbps in uplink [1]. To attain this peak data rate, MIMO configurations of up to 4x4 for UL has been assumed [1]. In an open loop scenario, the multiple antennas at the UE can be utilized by a properly designed transmit diversity (TxD) scheme. There are already several proposals and discussions for the potential TxD schemes in the uplink shared channel (PUSCH) [2]-[9]. However, a comprehensive study has to be conducted before making the final decision. As to the uplink control channel (PUCCH), it has been claimed in [11] that the gain from using TxD with two transmitters is slight from the coverage viewpoint. However, TxD can be useful in reducing intra-cell interference.
In Rel. 8 E-UTRA, low PAPR for both PUSCH and PUCCH is guaranteed by feeding a low PAPR sequence to the IDFT. Hence, the main challenge in designing a TxD scheme for uplink is how to incorporate this technique into an existing TxD scheme so that the PAPR is kept as low as possible. This makes the design of the TxD scheme for PUSCH and PUCCH similar in the sense that in both cases MIMO-OFDM mapping should be performed such that the low PAPR property of these sequences is preserved. However, there are many different aspects of PUSCH and PUCCH that make it necessary to study these two cases separately. These different aspects include multiple-access methods, number of symbols per sub-frame, reference signal design, channel estimation issues, etc.
In this contribution, we will continue our evaluation presented in [12] on possible UL transmit diversity techniques for PUCCH (formats 2, 2a and 2b), and provide our view based on the simulation results.
2 Transmit diversity for PUCCH
With the understanding that it is important to maintain the coverage of PUCCH, in this contribution we only consider transmit diversity techniques that are able to preserve the PAPR property of transmitted signals. Among the known candidates, we will focus on those which maintain the low PAPR property of PUCCH, namely:

· CDD

· STBC
It is understood that TxD similar to the DL can be easily implemented when low PAPR is not a concern.

2.1 CDD

CDD does not change the PAPR of any transmitted signal sequence. However, to apply CDD to PUCCH, we need to consider three design aspects:

· Small vs. large delay CDD.
· If large delay CDD, the delay parameter.
· What is the impact on orthogonality when multiple UEs are multiplexed?
2.1.1 Small vs. large delay CDD

This design aspect seems to be simple to answer, because given the PUCCH bandwidth, small delay CDD will hardly provide any diversity gain. One advantage of small delay CDD is its simplicity, because it only needs to estimate one channel (and hence better channel estimation), and since the PUCCH channel is basically flat, multi-user orthogonality is maintained. However, to achieve spatial diversity gain, it is clear that large delay CDD is needed.
2.1.2 Delay selection for LD-CDD

As we know, the delay in large delay CDD depends on the channel. Some guidelines in delay selection can include:

· Fading cycle – i.e. there should be at least one fading cycle within one RB, which is the basic objective of CDD based transmit diversity.

· The delay selection should introduce as many combinations in a fading cycle as possible. This would make CDD work more like STBC, i.e. having latter symbol level fading.

· Easy to implement – to construct the effective CDD channel the receiver only needs to use {(1, (1, (j, (j}. No complex multiplication should be involved.

Two candidates of delay that satisfies the above conditions are 
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. When being viewed in the frequency domain, the channel combination pattern will take form of 
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, respectively, which in some way resembles frequency domain precoding vector hopping.
2.1.3 The orthogonality aspect
Although LD-CDD introduces transmit diversity into PUCCH, since PUCCH is CDMA based, and there can be multiple UEs accessing the channel at the same time, inter-user UE interference can become an issue when the number of multiplexing UEs increases. The reason for this is because CDD introduces channel fluctuation, which makes the received signals from different UE to be no longer orthogonal to each other.
2.2 STBC
The advantages of using CDD as the TxD scheme of PUCCH was discussed in [12]. It was mentioned that CDD by maintaining a low PAPR, operating over single OFDM symbols (as opposed to paired OFDM symbols in STBC), and providing a low complexity implementation,  is a suitable candidate for TxD of PUCCH. However, further studies shows that CDD suffers from the effect of multi-user interference more than its alternatives (see Section 4). Indeed, CDD makes the channel more frequency selective to achieve diversity gain. However, frequency selectivity breaks the orthogonality of the sequences separating UEs in PUCCH, resulting in increased inter-user interference. This major drawback of CDD makes us reconsider alternative TxD schemes for PUCCH.
STBC is an appealing candidate for TxD in uplink not only because of its good performance, but also because it can maintain a low PAPR provided that the MIMO-OFDM mapping is carried out properly. A possible method of mapping is shown in Fig. 1. Sequences (s1, … , sM) and (sM+1, … , s2M) are orthogonal sequences modulated by two control data QPSK symbols, respectively. As it is seen, each element of a sequence is paired with the corresponding element from the second sequence to build a block of space-time code(STC).

The problem with STBC is that it requires an even number of OFDM symbols, which is not always guaranteed. In PUCCH the number of OFDM symbols per slot for PUCCH may be even or odd depending on factors such as CP length, and number of RS symbols. Nevertheless, both slots in a sub-frame should have the same number of OFDM symbols. Based on this characteristic, we propose to apply STBC as follows:
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Fig. 1: STBC with Low PAPR.
1. If the number of OFDM symbols for PUCCH in each slot is even, these symbols can be paired up to build the blocks of STBC.

2. If the number of OFDM symbols in each slot for PUCCH is odd, the symbols in each slot could be paired-up first,  leaving one orphan symbol in each slot. These two orphan symbols can then be paired together. Note that each slot in a PUCCH subframe is located at each edge of the system bandwidth. Hence, making channels observed on these orphan symbols quite different. As a result, MMSE decoder as opposed to the Alamouti decoder can be used to decode the STBC block built from these orphan symbols.
2.3 The need of estimating two independent channels

One requirement of LD-CDD and STBC is that they need two independent channel estimates, which means two pilot sequences need to be transmitted from two transmit antennas, independently. In PUCCH format 2 with normal cyclic prefix (CP), two OFDM symbols per slot are dedicated to the DRS. The DRS sequences over these two symbols are the same and are basically one of the cyclically shifted orthogonal sequences to allow the DRS of different UEs be separated. As denoted in [13], this DRS arrangement can be considered as a single sequence, which is spread across time by a spreading vector 
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 (see Fig. 2(a)).
When the UE is equipped with two antennas, in addition to separating different UEs, the receiver should be able to separate different transmit antennas. A straightforward solution is to assign two orthogonal sequences to each UE so that the channel estimation for each antenna can be performed as in the single antenna case. However, this solution uses the resources (orthogonal sequences) which could otherwise be used to support more UEs. Moreover, this solution entails some signalling overload to tell the UEs which additional sequence to choose.
To overcome the above mentioned problems, it is proposed to spread the single DRS sequence across time and space using an orthogonal spreading matrix 
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. An example for such a spreading matrix is the Hadamard matrix as

[image: image8.wmf]ú

ú

û

ù

ê

ê

ë

é

-

=

1

1

1

1

2

1

w

,

where the coefficient 
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 is to ensure that the total power dedicated to DRS for both cases of single-antenna and multi-antenna are the same. This DRS arrangement is demonstrated in Fig. 2(b): At the first RS symbol, sequence S1 is transmitted from both antennas. At the second RS symbol, antenna 1 transmits sequence S1 and antenna 2 transmits sequence -S1.
The proposed DRS transmission scheme has the following advantages:

· It can multiplex the same number of UEs as in single Tx case.
· No need to change the existing RS sequence assignment scheme. 

· There is a one-to-one relation between the UL transmission mode (TxD vs. non-TxD) and the RS sequence generation/mapping scheme. Therefore there is no need to introduce an additional signaling bit.
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Fig. 2: DRS arrangement for PUCCH (a) single antenna transmission (b) two antenna transmission
3 Simulation Results
In this section, some simulation results are presented to compare the performance of different schemes. Table 1 summarizes the simulation assumption. 

Table 1: Simulation Assumptions.

	Channel bandwidth
	10 MHz

	Number of total sub-carriers
	601 (including DC)

	Subframe
	1 msec = 14 OFDM symbols

	FFT size
	1024

	Sampling frequency
	15.36 MHz

	Cyclic Prefix
	72 Samples

	Carrier frequency
	2 GHz

	Data Resource Assignment
	1 RB

	Channel estimation
	Realistic

	Symbol constellation
	QPSK

	Channel Coding
	PUCCH Linear Block Code, rate 4/20

	Channel Model
	ITU PB 3 kph

ITU PB 120 kph

	PUCCH Format
	Format 2

	MIMO Configuration
	2x2 Uncorrelated


Figs. 3-5 demonstrate the block error rate (BLER) vs. SNR for LD-CDD and STBC in PUCCH. The cyclic shift of the LD-CDD is chosen to be NFFT/4 for the reasons explained before. In the figures, as reference, the performance of a none transmit diversity scenario (RF combining) is also provided for the sake of comparison. The simulations are for the low speed of 3kph and the high speed of 120 kph. For each UE speed, 1, 6, or 10 UEs are assumed to be multiplexed in the same RB. Power control is assumed such that all UEs have the same average received power at the eNB. Other simulation assumptions are given in the Appendix.
It is observed that when only one UE is accessing the channel (Fig. 3), the performance of STBC and LD-CDD is almost the same in both low and high speeds. At BLER of 10-2, STBC outperforms RF combining by about 1.2dB. As the number of UEs increases to 6 (Fig. 4), the curves of STBC and LD-CDD become distinguishable with STCB performing better. In this case, the gain of STBC over RF combining is about 0.8dB in BLER of 10-2. By increasing the number of multiplexed UEs to 10 (Fig. 10), the performance of LD-CDD becomes even worse that RF combining. In this case, STBC outperforms LD-CDD and RF combining by about 1.5dB and 0.9dB, respectively.
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Fig. 3: Performance comparison of different transmission scheme with 1 UE (a) 3 kph (b) 120 kph
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Fig. 4: Performance comparison of different transmission scheme with 6 UE (a) 3 kph (b) 120 kph
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Fig. 5: Performance comparison of different transmission scheme with 10 UE (a) 3 kph (b) 120 kph

4 Conclusion

In this contribution, we evaluated two transmit diversity schemes that can maintain the low PAPR property of orthogonal sequences in PUCCH, namely, CDD and STBC. For CDD, it was discussed that short-delay CDD is not an option as it hardly provides any diversity gain. On the other hand, LD-CDD, by introducing channel fluctuation in the frequency domain, breaks the orthogonality of the spreading sequences. This property makes LD-CDD vulnerable to multi-user interference when there are a number of UE accessing at the same time. 
The other option, i.e. STBC, is much less sensitive to multi-user interference and outperforms LD-CDD and RF combining at both low speed and high speed, as observed from simulation. In practice, to meet the requirement of even number OFDM symbols in forming STBC block, the last symbols of the first slot can be paired  with the first symbol of the second slot when the number of PUCCH symbol in each slot is odd. 
In addition, to maintain the “one RS sequence per UE” requirement, RS sequence can be spread by different orthogonal codes across time and space and transmit from different transmit antennas. This avoids the use of different DRS sequences for different antennas for LTE-A UE, thus maintains the same level of UE multiplexing capability for PUCCH channel as Rel-8 UE.
In summary, we propose LTE-A to adopt

1. STBC as transmit diversity for uplink PUCCH channel

2. Using orthogonal spreading to expand DRS transmission on multiple antennas . 
References

[1]
3GPP TSG-RAN, “TR 36.913: Requirements for Further Advancements for E-UTRA (LTE-Advanced)”, Version 8.0.0, 2008-06.
[2]
R1-063178, Alcatel, “ST/SF Coding and Mapping Schemes of the SC-FDMA in E-UTRA Uplink”, 3GPP TSG RAN WG1, November 2006.
[3]
R1-082522, Mitsubishi Electric, “Uplink transmit diversity schemes for LTE Advanced”, 3GPP TSG RAN WG1, July 2008.
[4]
R1-083150, Nortel, “Consideration on Transmit diversity for PUSCH in LTE-A”, 3GPP TSG RAN WG1, August 2008.
[5]
R1-083227, Motorola, “Uplink Multiple Antenna Schemes for LTE-Advanced”, 3GPP TSG RAN WG1, August 2008.

[6]
R1-082997, Huawei, “UL 4 TX antennas transmit diversity for LTE-Advanced”, 3GPP TSG RAN WG1, August 2008.

[7]
R1-082997, Panasonic, “Transmit diversity scheme for LTE-Adv uplink”, 3GPP TSG RAN WG1, August 2008.

[8]
R1-082943, LG Electronics, “Uplink MIMO Transmission for LTE-Advanced”, 3GPP TSG RAN WG1, August 2008.

[9]
R1-082707, Texas Instruments, “Uplink SU-MIMO for E-UTRA”, 3GPP TSG RAN WG1, August 2008.

[10]
R1-082817, Alcatel Shanghai Bell, “STBC-II Scheme with Non-Paired Symbols for LTE-Advanced Uplink Transmit Diversity”, 3GPP TSG RAN WG1, August 2008.

[11]
R1-083017, NTT DOCOMO, INC., “Views on UL MIMO Schemes in LTE-Advanced”, 3GPP TSG RAN WG1, August 2008.

[12]
R1-083159, Nortel, “Transmit diversity for PUCCH in LTE-A”, 3GPP TSG RAN WG1, August 2008.

[13]
3GPP TSG-RAN, “TS 36.211: Physical Channels and Modulation”, Version 8.3.0, 2008-05.










































































































































































































































































































































































































































































































































































































































3
1

_1283605710.unknown

_1283673772.unknown

_1283673776.unknown

_1283605728.unknown

_1283340771.unknown

_1283341108.unknown

_1283349077.unknown

_1283340358.unknown

