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1 Introduction
In an earlier contribution we presented link level simulation results comparing code reuse and TxAA applied to UTRA TDD [1]. In this contribution, we present a MIMO proposal for UTRA TDD based on the Per-Antenna Rate Control (PARC) technique [2]. Link level simulation results comparing the throughput of TxAA, code reuse and PARC applied to UTRA TDD HSDPA with spatial channel models are also presented.
2 Proposed MIMO Architecture

PARC for UTRA TDD is motivated by its performance and the availability of receiver architectures that may be based on multi-user receivers widely used in UTRA TDD, as highlighted in earlier contributions [3]

 REF _Ref71608444 \r \h 
[1]. Independently encoded and modulated data streams are transmitted from up to four antennas. The coding and modulation format for each stream is set by the Node B based either on feedback information reported by the mobile or measurements made on uplink channels. The mobile can jointly detect all physical channels using a linear space-time equaliser.
The proposed architecture is applicable to both the 1.28 Mcps and 3.84 Mcps TDD options.

Figure 1 below shows the basic physical layer structure of the HS-DSCH for PARC. A block of data corresponding to a single high speed data stream is de-multiplexed into a maximum of 
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 low-rate streams, where 
[image: image2.wmf]T

N

 is the number of transmit antennas. Each of these low-rate streams is turbo encoded, interleaved, and mapped to either QPSK or 16QAM symbols. Because different coding rates and symbol mappings can be used on each low-rate stream, the number of information bits assigned to each stream can be different. The symbols for a given low-rate stream are associated with a particular transmit antenna. They are further de-multiplexed into a maximum of C sub-streams, where C is the maximum number of HS-PDSCH defined by the UE capability. These sub-streams are spread using distinct OVSF channelisation codes, summed, and then modulated by a scrambling code. The resulting CDMA modulated low-rate stream is transmitted from its associated antenna. 
Receiver architecture for PARC in UTRA TDD is shown in Figure 2. It is generally assumed that the number of receive antennas,
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, is greater than or equal to the number of active transmit antenna. The received signals are fed into a linear space-time equaliser which jointly estimates all transmitted sub-streams. The equaliser simultaneously suppresses inter-stream interference and self-interference cause by channel dispersion. The 
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Figure 1 PARC transmitter architecture (R1-010879 [2])
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Figure 2 Receiver architecture for PARC in UTRA TDD
channel estimates of  
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  channels and a list of OVSF codes active within the cell on each transmit antenna are provided to the receiver. (Issues related midamble allocation and the signalling of OVSF code to antenna mapping are discussed in R1-04580 [5].) Up to C estimated sub-streams allocated on each transmit antenna to that UE are deinterleaved and decoded to form estimates of the transmitted streams. Finally up to
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streams are combined to form the estimated high-speed data stream. The SNR measured for each stream at the output of the equalizer may be used to compute CQI which is fed back to the Node B. 
3 Modulation and Coding Scheme Selection

MCS selection may be done based on either feedback received from the UE or using uplink measurements. The mobile may determine the post-detection SNR for each physical channel (OVSF code) on each stream. It can report a CQI per stream based on the average SNR measured for each stream. Alternatively, due to channel reciprocity, the Node B can measure the SNR of each uplink channel and determine appropriate MCSs. Note that this is a more favourable option as it reduces the delay in adapting to channel conditions. However the Node B is only able to estimate the SNR of the channels connecting the Node B antennas to the antenna which the UE uses for transmission.    
4 Link Level Results

In this section we present link level simulation results for TxAA, code reuse and PARC applied to 3.84 Mcps UTRA TDD. The following simulation assumptions are made:

	Carrier Frequency
	2 GHz

	Chip Rate
	3.84 Mcps

	TTI length
	10 ms

	Burst Type
	2

	Modulation
	QPSK, 16-QAM

	Spreading Factor
	16

	Number of multi-codes
	12

	HS-DSCH structure
	all codes used over 8 consecutive time slots
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	0 dB

	Channel Coding
	Turbo coding, R =1/3, ½ and ¾. Log-MAP decoding using 4 iterations.

	Channel Model
	Spatial Channel Models as specified in TR 25.996 [4]

	Antenna Array 
	4( spacing and 5 degrees spread at the Node B

	UE Speed
	3 km/h

	Channel Estimation
	Perfect

	TxAA, Code-reuse and PARC Detection
	Linear MMSE 

	TxAA weights
	Ideal, calculated one  timeslot prior to allocation

	PARC Feedback Delay
	4 timeslots

	Target FER
	10%


4.1 Results Comparing Code Re-use and TxAA
In this section, we present results comparing single-user throughput as a function of 
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for TxAA and code reuse. It is assumed that for TxAA, the Node B computes per radio frame transmit antenna weights one time slot prior to the allocation of downlink resource. In the code reuse scheme, the MCS is fixed across all antennas and selection is static, unlike in PARC where it is dynamic. In the simulations, the processes of encoding, modulation, detection and turbo decoding are performed explicitly in each loop.    
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Figure 3 Single-user throughput in Case I (1) SCM of Code Reuse and TxAA for FER<10%
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Figure 4 Single-user throughput in Case III SCM of Code Reuse and TxAA for FER<10%
Figure 3 and Figure 4 present single-user throughput as function of 
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for TxAA and code reuse on Case I (1) and Case III channel models defined in TS 25.996 [4]. Note that in the Case I (1) model a line-of-sight component with 6dB Rician Factor is assumed. This makes the MIMO channels significantly correlated causing significant performance degradation compared to TxAA. In Case III channel models, the single-user throughput offered by the (4,4) code reuse technique is far superior to TxAA. The (2,2) code reuse scheme does offers a two fold increase in the peak data rate compared to TxAA, however its performance is not significantly better in the low to moderate 
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region.
4.2 Results for Per-Antenna Rate Control in UTRA TDD

PARC single-user throughput simulations have been performed for various link-level spatial channel models as defined in [4].  In the first timeslot the average SNR at the output of the linear space-time equaliser is evaluated for each of the transmit antennas.  These SNR values are used to choose an MCS level for each of the transmit antennas (based upon achieving a BLER of no more than 10%) using a set of lookup curves of detector output SNR versus BLER.  

After a time duration representing the feedback delay (4 timeslots in these simulations), we evaluate the detector output SNR for each of the transmit antennas over the period of the allocation (8 timeslots in these simulations).  Using the average detector output SNR for each of the transmit antennas we lookup a block error probability for each of the transmit antenna’s respective MCS level.  Each of these block error probabilities are then combined with a coin-toss to decide if the respective MCS block was received in error.

The MCS levels used in the simulation are listed in the table below:

	MCS format
	Constellation
	Code rate
	Data rate per Tx. antenna (Mbps)

	0
	NA
	NA
	0

	1
	QPSK
	1/3
	0.87

	2
	QPSK
	½
	1.32

	3
	QPSK
	¾
	1.99

	4
	16 QAM
	½
	2.65

	5
	16 QAM
	¾
	3.97


Table 1.  Index of modulation and coding schemes and associated data rate assuming 12 of 16 codes and 8 active timeslots.
At low SNR levels or when there are a greater number of transmit antennas than receive antennas we may employ the null MCS level on one or more of the transmit antennas.  In this manner we may achieve a degree of selective transmit diversity as part of the PARC scheme.

It should be noted that the simulations have allowed all possible MCS level combinations on the transmit antennas, thus for a (4,2) PARC scheme we have 63 = 216 different MCS combinations and for a (4,4) PARC scheme we have 64 = 1296 different MCS combinations.  If the UE is used to measure the SNR per stream and signal this in the uplink then this number of MCS combinations is impractical as it would require 11 bits of signalling.  However it was observed in [2] that only small degradations (1dB) in performance were observed when the number of MCS combinations was restricted to a more practical level from the signalling perspective, i.e. 64. Furthermore if the reciprocal nature of the TDD channel was employed and the SNR per stream was estimated at the Node B then there would be no restriction upon the number of MCS combinations.
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Figure 5 Single-user throughput in Case I (1) SCM of UTRA TDD PARC for target FER=10%
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Figure 6 Single-user throughput in Case III SCM of UTRA TDD PARC for target FER=10%
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Figure 7 Single-user throughput in a single-path Rayleigh channel of UTRA TDD PARC for target FER=10%
The single-user throughput results for PARC are presented in Figure 5 to Figure 7 for spatial channel model [4] link-level channels Case I (I), Case III and Case IV (flat Rayleigh fading) respectively.  The results show throughputs for (1,1), (2,2), (4,2) and (4,4) PARC geometries.  The figures demonstrate clear improvements in throughput as the dimension (number of antennas) of the MIMO link is increased.  In general the performance in the SCM Case III is best, which is to be expected as the number of multipath taps means the overall channel power does not fade as deeply as one of the more narrow-band channels, i.e. SCM Case I or Case IV.  Additionally we can observe the effects of selection transmit diversity in going from a (2,2) to a (4,2) geometry.  This diversity benefit if of the order of 2dB in the narrow band channels but typically less than 1dB in the Case III channel.  Once again this is explained in terms of the more uniform channel power of the Case III channel.
5 Conclusions
We present link level results for PARC, TxAA and single rate code reuse MIMO schemes for UTRA TDD. Simulation results show that PARC offers a significant improvement to the throughput over other MIMO schemes with the spatial channel models considered. Furthermore, linear PARC receivers for UTRA TDD may be seen as extension to the multi-user receiver architectures currently used for UTRA TDD rather than a fundamentally new receiver structure. These findings motivate a text proposal in Tdoc R1-040990 for PARC to be included in TS 25.876 as a MIMO candidate technique for UTRA TDD. 
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