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1. Introduction
At the last RAN Plenary meeting #28 meeting, a Work Item to create enhanced performance requirements for HSDPA Cat 7/8 UE based on Rx Diversity and LMMSE equalizer was approved [1]. No specific UE implementation was mandated by these enhanced requirements.

A companion contribution [2] on simulations assumptions that could be used as the basis for developing Type 3 enhanced requirements is used as the basis for the simulation results contained here. One deviation in the simulation assumptions is that the VA120 results presented here use 1 update/slot and not 5 updates/slot for equalizer tap updates. Results for the 5 updates/slot case will be posted on the reflector once they are available.
2. Simulation Results for Type 3 Receive
We consider both QPSK and 16-QAM. For QPSK Ior/Ioc is set to 0 dB or 10 dB. For 16-QAM Ior/Ioc is set to 10 dB. For the case of QPSK with Ior/Ioc of 0 dB, we use FRC H-Set 3. FRC H-Set 6 is used in all other cases. The equalizer is a fractionally spaced (Tc/2) 40 taps LMMSE equalizer. The antennas and the 2 receiver chains are considered to be uncoupled (no correlation between antennas) and the other cell noise is modelled as white-noise with a flat spectrum. Other simulation assumptions can be found in [2]. The VA120 case uses 1 update/slot instead of 5 updates/slot for equalizer tap updates. 
We present here initial simulation results for a Type 3 receiver without transmit diversity.

Table 1 summarizes the results for QPSK with Ior/Ioc = 10 dB.

	Throughput in kbps QPSK FRC H-SET 6, Ior/Ioc = 10 dB

	Channel Models
	Ec/Ior (dB)

	
	-12
	-9
	-6
	-3

	PA3
	1595
	2460
	2989
	3152

	PB3
	1255
	1916
	3026
	3218

	VA30
	1300
	1967
	2975
	3210

	VA120
	
	1512
	2254
	3194


Table 1: Type 3 Receiver Throughput Results for QPSK, Ior/Ioc = 10 dB, FRC H-Set 6
Note that at Ec/Ior of – 3 dB, the throughput results are artificially capped by the choice of FRC H-Set 6. It is expected that when results with implementation margin are considered, then this artificial cap may not be an issue.

Table 2 summarizes the results for 16-QAM with Ior/Ioc = 10 dB.

	Throughput in kbps 16-QAM FRC H-SET 6, Ior/Ioc = 10 dB

	Channel Models
	Ec/Ior (dB)

	
	-12
	-9
	-6
	-3

	PA3
	1285
	2100
	3203
	4218

	PB3
	697
	1749
	2407
	3910

	VA30
	1040
	1800
	2520
	3825

	VA120
	
	1240
	2020
	2517


Table 2: Type 3 Receiver Throughput Results for 16-QAM, Ior/Ioc = 10 dB, FRC H-Set 6
Table 3 summarizes the results for QPSK with Ior/Ioc = 0 dB.

	Throughput in kbps QPSK FRC H-SET 3, Ior/Ioc = 0 dB

	Channel Models
	Ec/Ior (dB)

	
	
	
	-6
	-3

	PA3
	
	
	795
	1200

	PB3
	
	
	680
	1215

	VA30
	
	
	720
	1085


Table 3: Type 3 Receiver Throughput Results for QPSK, Ior/Ioc = 0 dB, FRC H-Set 3
3. Comparing Type 3 vs Type 1 Throughput Performance

We want to compare the ideal results for 0 dB geometry in Table 3 with currently available results for a Type 1 receiver at 0 dB geometry. For reference, results for Enhanced Type 1 requirements in 25.101 [4] are shown in Table 4.

Note that one must multiply the numbers in Table 4 by 3 times to get the equivalent H-Set 3 results. Also, the results in Table 1 are without implementation margin while the results in Table 4 include implementation margin. 

After accounting for implementation margin, it is not clear that the Type 3 receiver results will have a much higher link throughput performance at 0 dB geometry but this should be confirmed via more simulation results.
Note however that comparing QPSK results from Table 1 and Table 4 that for Ior/Ioc of 10 dB, the Type 3 receiver provides significant gain as compared to a Type 1 receiver (even if one were to account for some loss in performance due to implementation margin).
	Test Number
	Propagation Conditions
	 Reference value

	
	
	HS-PDSCH

[image: image1.wmf]/

cor

EI

 (dB)
	T-put 
[image: image2.wmf]R

 (kbps) *
 
[image: image3.wmf]ˆ

/

oroc

II

= 0 dB
	T-put 
[image: image4.wmf]R

 (kbps) *

[image: image5.wmf]ˆ

/

oroc

II

= 10 dB

	1
	PA3
	-12
	N/A
	247

	
	
	-9
	N/A
	379

	
	
	-6
	195
	N/A

	
	
	-3
	329
	N/A

	2
	PB3
	-9
	N/A
	195

	
	
	-6
	156
	316

	
	
	-3
	263
	N/A

	3
	VA30
	-9
	N/A
	212

	
	
	-6
	171
	329

	
	
	-3
	273
	N/A

	4
	VA120
	-9
	N/A
	191

	
	
	-6
	168
	293

	
	
	-3
	263
	N/A

	* Notes:
1) The reference value R is for the Fixed Reference Channel (FRC) H-Set 1


2) For Fixed Reference Channel (FRC) H-Set 2 the reference values for R should be scaled (multiplied by 1.5 and rounding to the nearest integer t-put in kbps, where values of i+1/2 are rounded up to i+1, i integer)


3) For Fixed Reference Channel (FRC) H-Set 3 the reference values for R should be scaled (multiplied by 3 and rounding to the nearest integer t-put in kbps, where values of i+1/2 are rounded up to i+1, i integer)


Table 4: Table 9.3A from [4]. Enhanced requirement type 1 QPSK, Fixed Reference Channel (FRC) H-Set 1/2/3
We also compare the 16-QAM Type 3 results with the 16-QAM Type 1 results (shown in Table 5). Note again that one must multiply the numbers in Table 5 by 6 times to get the equivalent H-Set 6 results. Also, the results in Table 2 are without implementation margin while the results in Table 5 include implementation margin. 

From Comparing Table 2 to Table 5, Type 3 receiver has higher throughput than a Type 1 receiver in most cases.
	Test Number
	Propagation Conditions
	Reference value
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	1
	PA3
	-9
	312

	
	
	-6
	487

	2
	PB3
	-6
	275

	
	
	-3
	408

	3
	VA30
	-6
	296

	
	
	-3
	430

	4
	VA120
	-6
	271

	
	
	-3
	392

	* Notes:
1)The reference value R is for the Fixed Reference Channel (FRC) H-Set 1


2) For Fixed Reference Channel (FRC) H-Set 2 the reference values for R should be scaled (multiplied by 1.5 and rounding to the nearest integer t-put in kbps, where values of i+1/2 are rounded up to i+1, i integer)


3) For Fixed Reference Channel (FRC) H-Set 3 the reference values for R should be scaled (multiplied by 3 and rounding to the nearest integer t-put in kbps, where values of i+1/2 are rounded up to i+1, i integer) 


Table 5: Table 9.5A from [4]. Enhanced requirement type 1 16QAM, Fixed Reference Channel (FRC) H-Set 1/2/3
4. Comparing Type 3 vs Type 2 Throughput Performance

In Figures 1 to 2, we also plot the throughput results for the Type 3 receiver and compare it to the average of the Type 2 receiver results that were summarized in [3].
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Figure 1: Type 2 (Average of RAN-4 results) vs Type 3 for QPSK, FRC HSet-6, Ior/Ior = 10 dB
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Figure 2: Type 2 (Average of RAN-4 results) vs Type 3 for 16-QAM, FRC HSet-6, Ior/Ior = 10 dB
From these figures, it is clear that the Type 3 receiver outperforms the Type 2 receiver when Ior/Ioc = 10 dB for all Ec/Ior and channel propagation conditions. Note that no comparison is available for Ec/Ior of -12 dB for a Type 2 receiver.
5. Conclusions 

Initial simulation results for the Type 3 receiver have been presented and compared to the Type 2 results that are available.

Initial indications are that the Type 3 receiver provides significant link throughput gain as compared to the Type 1 and 2 receiver when Ior/Ioc is 10 dB for both QPSK and 16-QAM. 

Comparisons against Type 1 receiver at 0 dB geometry for QPSK indicate that the benefits of equalization in addition to Receive diversity may not be significant for a Cat 7/8 UE at 0 db geometry.
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