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1 Introduction

The current working assumption in [1] is that there will be only one transmission to a UE within an HSDPA TTI.  Providing the flexibility to support multiple simultaneous transmissions to a UE within a TTI has the potential to significantly enhance HSDPA system performance through better exploitation of multi-user diversity as shown by the performance results presented in [5]. Multiple simultaneous transmissions are performed using different HARQ channels. For example, in a given HSDPA TTI, a retransmission on HARQ channel #1 and a new transmission on channel #2 may be performed to the same UE if this flexibility is introduced. Alternately, in a given HSDPA TTI, two retransmissions can be scheduled the same UE, one on HARQ channel #1, and the other on HARQ channel #2. 

The performance results presented in [5], only a single path channel model was considered, and no CQI estimation error was considered. In this document, additional performance results for the case with channel estimation error and multipath channels are provided.  Implications of supporting this feature on UE processing and signalling are discussed (also see [4] for signalling discussion). 

1.1 Summary of Results

The results here show that significant gains (upto 38%) are present even with channel estimation errors. Furthermore, gains of up to 30% can be achieved in a Pedestrian B multipath channel model. Taken together with the results of [5], this shows that allowing multiple simultaneous transmissions to a UE provides significant gain under a variety of practical conditions and is therefore a useful enhancement to HSDPA for Release 6.

2 Simulation Results

2.1 Simulation Parameters and Assumptions

All the results are for hybrid ARQ based on asynchronous and adaptive, incremental redundancy (A2IR) [3].  The A2IR system design is based on the rate table shown in Table 4. All results are for a TTI of 2ms (3 slots) [3]. Channel quality measurement errors are considered as indicated, while ACK/NACK feedback is error-free. Channel quality measurement errors are modelled as an additive Gaussian noise term in the dB domain with zero mean and a standard deviation of 1 or 2 dB as specified.

Additional simulation assumptions are provided in Appendices B and C.

2.2 Performance Comparison with CQI Estimation Errors

Results in this section are for a single-path Rayleigh fading channel at 3km/hr. It is assumed that the CQI values are noisy with a standard deviation of 1dB. Results for the case of 2dB standard deviation of error are shown in Appendix A. 

Figure 1 shows that the packet call throughput (PCT) cdf with 37 UEs with no restriction (i.e. simultaneous transmissions allowed) is significantly better than the corresponding case with restriction even with the CQI estimation error. In fact the PCT cdf with 51 UEs and no restriction matches the 37 UE case with restriction, thus indicating a 38% improvement in system capacity in this case. Thus, the gain even with estimation error is still quite significant. At higher loads the gain is approximately 29% as evident in Figure 2. The average system throughput values are compared in Table 1, and reflect similar gains in the service throughput when 37 and 56 UEs with restriction are compared with 51 and 72 UEs respectively without restriction as done in Figure 1 and Figure 2. These results along with those in Appendix A indicate that the gain from allowing simultaneous transmissions to a UE is not too sensitive to CQI estimation error.
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Figure 1: Comparison of PCT CDFs at 3km/hr (single-path) with and without restriction on simultaneous transmissions. Results are with CQI error of 1dB standard deviation. Max C/I scheduler is used.
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Figure 2: Comparison of PCT CDFs at 3km/hr (single-path) with and without restriction on simultaneous transmissions. Results are with CQI error of 1dB standard deviation. Max C/I scheduler is used.

Table 1. Throughputs at 3km/hr. Single-path channel, Max C/I and CQI estimation error has a 1dB standard deviation.

	Number of UEs
	Performance with restriction
	Performance without restriction on simultaneous transmissions

	
	Pkt. Call Tput (Kbps)
	OTA (kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success
	Pkt. Call Tput (Kbps)
	OTA (kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	
	
	
	
	
	
	
	
	
	
	

	12
	1575
	1764
	449
	0.26
	1.48
	1686
	2065
	441
	0.22
	1.48

	37
	1452
	2133
	1342
	0.63
	1.48
	1553
	2292
	1337
	0.58
	1.45

	51
	1396
	2383
	1845
	0.78
	1.46
	1471
	2515
	1852
	0.74
	1.42

	56
	1367
	2490
	2061
	0.83
	1.45
	1475
	2622
	2007
	0.77
	1.4

	72
	1276
	2843
	2615
	0.92
	1.39
	1346
	2895
	2581
	0.89
	1.35

	75
	1271
	2826
	2612
	0.92
	1.4
	1327
	2938
	2669
	0.91
	1.35

	100
	1141
	3473
	3436
	0.99
	1.28
	1182
	3498
	3439
	0.98
	1.25


2.3 Performance Comparison in Multipath Channels

Results of this section are for the case of Pedestrian B channel model at 3km/hr and no channel estimation error.  Here again we observe significant gain from allowing multiple simultaneous transmissions to a UE. Figure 3 compares the PCT CDF for 37 UEs with and without restriction and shows that the PCT CDF with 48 UEs without restriction matches closely with that of 37 UEs with restriction. This represents a gain of approximately 30% in capacity. Similarly at higher loads shown in Figure 4, the gain is approximately 21%. The corresponding average throughput values are shown in Table 2. These tables reflect similar gains when comparing 37 and 56 UEs with restriction to 48 and 68 UEs respectively without restriction. 
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Figure 3: Comparison of PCT CDFs for Ped B channel model at 3km/hr with and without restriction on simultaneous transmissions
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Figure 4: Comparison of PCT CDFs for Ped B channel model at 3km/hr with and without restriction on simultaneous transmissions. 

Table 2: Throughputs for 3km/hr and restriction on simultaneous transmissions. Pedestrian B channel, Max C/I and no error in CQI.

	Number of UEs
	Performance with restriction
	Performance without restriction on simultaneous transmissions

	
	Pkt. Call Tput (Kbps)
	OTA (kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success
	Pkt. Call Tput (Kbps)
	OTA (kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	
	
	
	
	
	
	
	
	
	
	

	12
	1041
	1200
	429
	0.36
	1.70
	1267
	1460
	426
	0.29
	1.68

	37
	861
	1575
	1287
	0.82
	1.71
	1033
	1756
	1330
	0.76
	1.64

	48
	795
	1779
	1629
	0.92
	1.67
	937
	1881
	1666
	0.89
	1.62

	56
	713
	1938
	1870
	0.96
	1.66
	878
	1984
	1847
	0.93
	1.61

	68
	661
	2148
	2133
	0.99
	1.59
	767
	2184
	2145
	0.98
	1.57

	75
	581
	2241
	2236
	1.00
	1.59
	714
	2282
	2269
	0.99
	1.56

	100
	502
	2422
	2422
	1.00
	1.62
	626
	2442
	2442
	1.00
	1.59


3 Multiplexing of ACK/NACK Information 

A number of methods for multiplexing multiple ACK/NACK information on the HS-DPCCH are possible. One method is outlined in [4] wherein the multiple ACK/NACK fields are coded together and transmitted in the ACK/NACK field of the HS-DPCCH as is currently done. The number of multiplexed ACK/NACKs implicitly gives the coding method.

Another approach that ensures robustness when the UE misses one of the HS-SCCHs in case of multiple simultaneous transmissions is to code multiplex one or more of the ACK/NACKs along with the HS-DPCCH. So for example, if there are 2 simultaneous transmissions, then ACK/NACK for one of the HS-DSCH transmissions can be carried as before in the ACK/NACK slot of the HS-DPCCH. The second ACK/NACK can be carried in the same slot on a different 256-ary code channel. Alternatively, since CQI information doesn’t have to be carried on that code channel, more than one slot may be used with a corresponding lowering of power on that code channel. 

Precisely, an implicit mapping of HS-SCCH to the code channel is used for ACK/NACK so that the Node B knows which ACK/NACK corresponds to which transmission. Thus, each UE maintains four 256-ary code channels for carrying ACK/NACKs, one being the HS-DPCCH. For convenience, we shall call these four code channels “ACK/NACK channels” in the sequel. There is a one-to-one mapping between the HS-SCCH channel that is used to carry the control information for packet transmissions and the ACK/NACK channel that is used for sending the ACK/NACK by the UE in such a case. More precisely, let us index the four HS-SCCH channels that can be used to transmit control information to a UE from 1 to 4 (see Figure 5). Similarly, as shown in the same figure, the four ACK/NACK channels that each UE can use are also numbered from 1 to 4. The indices of the code channels used to carry the control information on the HS-SCCH and the ACK/NACK channels are known to both the UE and Node-B. Now, if the UE receives the control information on HS-SCCH i, for example, where 
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, then the UE transmits the ACK/NACK for the corresponding packet transmission on ACK/NACK channel i. Since the Node-B knows the index of the HS-SCCH that was used to send the control information to the UE, it follows that it also knows which code channel will carry the corresponding ACK/NACK from the UE. When multiple transmissions are made to the UE in the same TTI, the operation is equally straightforward. Suppose, for example as shown in Figure 5, that two transmissions – A(D, 1) and A(D, 2) – are made to UE-A in a particular TTI, and that HS-SCCHs 1 and 4 are used to carry the corresponding control information. The UE will then send the ACK/NACK for transmissions A(D, 1) and A(D, 2) on ACK/NACK channels 1 and 4, respectively. Now, consider the case when one of the HS-SCCH transmissions is missed by the UE, while the other is received correctly. Continuing with the example above, assume that HS-SCCH 1 is missed by the UE, while HS-SCCH 4 is received correctly. Then, the UE will send the ACK/NACK for transmission A(D, 2), which is the packet transmission corresponding to the control information sent on HS-SCCH 4, on ACK/NACK channel 4; furthermore, no ACK/NACK will be sent on ACK/NACK channel 1 (i.e., DTX). The Node-B will therefore receive the ACK/NACK for transmission A(D, 2) correctly. If the Node-B employs DTX detection schemes, then it will also be able to detect the DTX on ACK/NACK channel 1; note, however, that this is not an additional error condition that arises out of transmitting multiple transmissions to a UE in the same TTI, as it is no different from the case when the UE misses the HS-SCCH transmission when only one transmission is made. Additional operational details about this method will be presented in a later contribution.
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Figure 5. ACK/NACK feedback with multiple simultaneous transmissions. X(C, i) denotes control information for user X being sent on the HS-SCCH for the corresponding data transmission X(D, i) on H-ARQ channel i on the HS-DSCH. The corresponding ACK (resp. NACK) is denoted ACK(X, i) (resp. NACK(X, i)).

4 Conclusions

In [5], performance results were presented that showed substantial performance gains by allowing multiple simultaneous transmissions to a UE within an HSDPA subframe. Additional results are provided here which show that significant gains (upto 38%) are still present even with channel estimation errors. Furthermore gains of up to 30% in a Pedestrian B channel model. Taken together with the results of [5], this shows that allowing multiple simultaneous transmission to a UE provides significant gain under a variety of practical conditions and is therefore a useful enhancement to HSDPA for Release 6.

No additional downlink signalling is required as multiple HS-SCCHs are already provided. The capability to multiplex multiple ACK/NACKs in the uplink is required and an efficient approach for doing this outlined This feature can be accommodated into the existing framework rather easily and can conform to the existing UE capability definitions in terms of buffer limits, maximum number of codes allowed and highest modulation allowed.  UEs currently decode Part I of up to 4 SCCHs and when more than one SCCH passes the Part I detection test, the UE must prepare to receive simultaneous transmissions from the Node-B on the codes indicated on each of those SCCHs. 
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6 Appendix A: Additional Results with CQI Estimation Errors

Results in this Appendix correspond to a single-path Rayleigh fading channel at 3km/hr with a 2dB standard deviation of error in the CQI measurement.
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Figure 6. Comparison of PCT CDFs at 3km/hr (single-path) with and without restriction on simultaneous transmissions. Results are with CQI error of 2dB standard deviation. Max C/I scheduler is used.
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Figure 7. Comparison of PCT CDFs at 3km/hr (single-path) with and without restriction on simultaneous transmissions. Results are with CQI error of 2dB standard deviation. Max C/I scheduler is used.

Table 3. Throughputs at 3km/hr. Single-path channel, Max C/I and CQI estimation error has a 2dB standard deviation.

	Number of UEs
	Performance with restriction
	Performance without restriction on simultaneous transmissions

	
	Pkt. Call Tput (Kbps)
	OTA (kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success
	Pkt. Call Tput (Kbps)
	OTA (kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	
	
	
	
	
	
	
	
	
	
	

	12
	1540
	1720
	436
	0.26
	1.55
	1667
	2007
	438
	0.22
	1.54

	37
	1433
	2114
	1351
	0.64
	1.55
	1493
	2249
	1351
	0.60
	1.52

	49
	1359
	2270
	1745
	0.77
	1.57
	1460
	2455
	1773
	0.72
	1.50

	56
	1317
	2433
	2039
	0.84
	1.53
	1433
	2571
	1992
	0.78
	1.47

	68
	1258
	2692
	2426
	0.90
	1.51
	1333
	2779
	2433
	0.88
	1.46

	75
	1237
	2844
	2639
	0.93
	1.48
	1289
	2906
	2626
	0.90
	1.42

	100
	1105
	3414
	3373
	0.99
	1.39
	1134
	3481
	3434
	0.99
	1.35


7 Appendix B: Simulation Assumptions and Parameters

The simulation assumptions and parameters used for the simulation results presented in this document are presented in this section.

Table 4: Data Rate and MCS table. TTI is fixed at 3-slots or 2 ms. Channelization codes are of SF=16.  The cells marked “X” correspond to non self-decodable transmissions and may be used only for retransmission.

	Number of Codes
	Modulation and Coding Schemes

	
	1280 bits code block
	2560 bits code block
	3840 bits code block
	5120 bits code block
	7680 bits code block
	11520 bits code block
	15360 bits code block

	
	640 Kbps
	1280 Kbps
	1920 Kbps
	2560 Kbps
	3840 Kbps
	5760 Kbps
	7680 Kbps

	10
	QPSK, 0.13
	QPSK, 0.27
	QPSK, 0.4
	QPSK, 0.53
	QPSK, 0.8
	16QAM, 0.6
	16QAM, 0.8

	8
	QPSK, 0.17
	QPSK, 0.33
	QPSK, 0.5
	QPSK, 0.67
	16QAM, 0.5
	16QAM, 0.75
	x

	6
	QPSK, 0.22
	QPSK, 0.44
	QPSK, 0.67
	16QAM, 0.44
	16QAM, 0.67
	x
	X

	4
	QPSK, 0.33
	QPSK, 0.67
	16QAM, 0.5
	16QAM, 0.67
	x
	X
	X

	2
	QPSK, 0.67
	16QAM, 0.67
	x
	X
	X
	X
	X


Data rate and MCS selection from the rate table may be performed in multiple ways. These are

a) C/I Based Selection: Based on the number of codes available and the data backlog, the best MCS that can be supported is selected. User’s backlog may be rounded up to the nearest code block size via padding or data may be segmented. 

b) Code Block Based Selection: The code block size is first selected to match the backlog, always rounding up to the nearest code block size. If the data backlog exceeds the largest code block size, then the largest code block size is selected and the data is segmented accordingly. The number of codes available determines the row below which selection in the rate table is possible. For example, if code block size of 5120 bits is selected and there are 8-codes available, then rows 2-4 in the rate table may be selected. (Note that Row 5 is disallowed except for retransmission with A2IR). If a suitable MCS cannot be found in that column, then the next lower code block size is searched in a similar fashion. This continues until the appropriate code block and MCS are picked. 

For A2IR scheme, MCS and number of codes may be selected both for first transmission as well as retransmission. The first transmission of code blocks is always self-decodable, but retransmissions are not necessarily self-decodable.  If a retransmission corresponds to one of the entries marked “X” in the rate table, then the retransmission is not self-decodable. For such retransmissions, only QPSK modulation is used and the code rate is selected appropriately. The notion of aggressive factors in the selection of MCS was introduced in [3] and is repeated in Appendix B for convenience. 

The throughput metrics used viz. Over-The-Air (OTA) Throughput, Service Throughput and Packet Call Throughput are as defined in the TR (see [2]). In addition, the cumulative distribution function (CDF) of the UE packet call throughput is also provided as a measure of quality of service.

As used in [3], the following assumptions are made (other assumptions from TR are listed in the Appendix of this document). 

· 30% power used by overhead channels

· Single or multipath Rayleigh fading at 3km/hr is considered.

· Fractional Recovered Power (FRP) is 0.98

The following additional assumptions are made in obtaining the simulation results:

· No limit on maximum number of retries.

· Fast cell selection is not considered.

· Results do not count padding into the throughput (i.e. only information bits count towards throughput).

· Channel quality feedback delay is assumed to be 6 slots and the ACK/NACK delay is assumed to be 3 slots.

· Maximum C/I scheduler is used.

· Code multiplexing of users is allowed. 

The A2IR scheme can select MCS and TTI both on the first transmission as well as on retransmissions of a frame. The adaptive scheme uses link quality feedback valid during previous transmissions of a frame to obtain an estimate of the aggregated energy for that frame at the receiver. That information is used in conjunction with the most recent link quality feedback to determine the MCS and TTI for retransmission. This adaptive scheme attempts to pick the MCS and TTI to fulfil the residual energy required for the frame to be successful with high probability. For example, for a given MCS, suppose we need Eb/No of 1 (= 0 dB) for successful decoding. If Eb/No from earlier transmissions is 9/10, then we need only 1/10 (= -10 dB) more. The MCS for retransmission can be selected to provide just the required energy (= -10 dB) under the current channel conditions. Simulations results are presented that compare the cases where multiple simultaneous transmissions to a UE are allowed (i.e. no restriction) and the one where multiple simultaneous transmissions to a UE are disallowed (i.e. restriction). Wherever possible, capacity gains are quantified by matching the UE packet call throughput CDFs especially in the lower throughput region (< 500 Kbps).  Modulation based aggressive factors are used for new transmissions. The aggression factors are 3dB for QPSK and 0 dB for 16-QAM. No aggressive factor is used for retransmissions. 

The system level simulation parameters are listed in Table 5 below.

Table 5. Simulation parameters

	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	Provide your cell layout picture

	Site to Site distance
	2800 m
	

	Antenna pattern
	As proposed in [2]
	Only horizontal pattern specified

	Propagation model
	L = 128.1 + 37.6 Log10(R)
	R in kilometers

	CPICH power
	-10 dB
	

	Other common channels
	- 10 dB
	

	Power allocated to HSDPA transmission, including associated signaling
	Max. 70 % of total cell power
	

	Slow fading
	As modeled in UMTS 30.03, B 1.4.1.4
	

	Std. deviation of slow fading
	8 dB
	

	Correlation between sectors
	1.0
	

	Correlation between sites
	0.5
	

	Correlation distance of slow fading
	50 m
	

	Carrier frequency
	2000 MHz
	

	BS antenna gain
	14 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	9 dB
	

	Max. # of retransmissions
	Specify the value used
	Retransmissions by fast HARQ


	Fast HARQ scheme
	Adaptive IR
	

	BS total Tx power
	Up to 44 dBm
	

	Active set size
	3
	Maximum size

	Frame duration
	3.33 ms
	Semi static TTI

	Scheduling
	Max C/I
	

	Specify Fast Fading model
	Jakes spectrum
	Generated e.g. by Jakes or Filter approach 


The fundamentals of the data-traffic model are captured in Table 6 below.

Table 6 Data-traffic model parameters

	Process
	Random Variable
	Parameters

	Packet Calls Size
	Pareto with cutoff
	Α=1.1, k=4.5 Kbytes, m=2 Mbytes, μ = 25 Kbytes

	Time Between Packet Calls
	Geometric
	μ = 5 seconds

	Packet Size
	Segmented based on MTU size
	(e.g. 1500 octets)

	Packets per Packet Call
	Deterministic
	Based on Packet Call Size and Packet MTU

	Packet Inter-arrival Time

 (open- loop)
	Geometric
	μ = MTU size /peak link speed 

(e.g. [1500 octets * 8] /2 Mb/s = 6 ms)

	Packet Inter-arrival Time

 (closed-loop)
	Deterministic
	TCP/IP Slow Start 

(Fixed Network Delay of 100 ms)


8 Appendix C: MCS Selection and Aggressiveness

The aggressive factor [w x y z] indicates w dB aggressiveness for QPSK, x dB for 8-PSK, y dB for 16-QAM and z dB for 64QAM. As an example, assuming 7680 bits code block (Figure 8, where w = 6, x = 3, y = 2 and z = 0) has been selected. If a, b, c, d and e represent the SNR required to maintain 1% BLER for MCS 1 (QPSK, 0.16), 2 (QPSK, 0.48), 3 (QPSK, 0.8), 4 (8PSK, 0.8) and 5 (64QAM, 0.8), respectively, the SNR is partitioned into five regions: (-(,b-w], (b-w, c-w], (c-w, d-x], (d-x, e-z] and (e-z,(). These regions correspond to the SNR ranges where the MCS 1, 2, 3, 4 and 5 will be chosen respectively.
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Figure 8 An Illustration of MCS selection with [6 3 2 0] aggressiveness. Results in this contribution only use QPSK and 16-QAM.
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