3GPP TSG-RAN WG4 #71
R4-142778
Seoul, Korea, 19 – 23 May 2014
Agenda item:
7.5.1
Source: 
Qualcomm Incorporated
Title: 
Test case design for PUSCH 3-2 mode
Document for:
Discussion
1. Introduction
In RAN4 #70bis, there was further discussion on test case design for PUSCH 3-2 mode and high level agreements were made regarding test methodology and scope [1]. 
· Test metric : throughput ratio of PUSCH 3-2 over PUSCH 3-1

· Test case
· TM9 with Rel-12 codebook

· TM6 with Rel-8 codebook

· Open issues
· Best sub-band scheduling (for both PUSCH 3-2 and PUSCH 3-1) or random sub-band to be decided in the next meeting
· Antenna correlation TBD: ULA 4x2, XP High, As in B.2.4 (2-Tap) 

· Time Delay between Tx Antennas: TBD for the next meeting with options that have been proposed: 0ns, up to 65ns, and up to 130ns. TE vendors input encouraged. 
In this contribution, we provide analyses on open issues for PUSCH 3-2 test and remaining details. 
2. Discussion on open issues

2.1. PDSCH subband scheduling
In [3], it was proposed to consider random subband scheduling to obtain good performance separation between PUSCH 3-1 and PUSCH 3-2. However, random subband scheduling is not utilizing subband CQI information provided with PUSCH 3-2 mode feedback and thus cannot fully verify PUSCH 3-2 CSI feedback. Figure 1 shows PDSCH throughput comparison between random subband scheduling and best subband scheduling in ETU5 low correlation channel. We can indeed observe that there is larger performance separation between PUSCH 3-1 and PUSCH 3-2 with random subband scheduling. However, performance of random scheduling is significantly worse than best subband scheduling irrespective of CSI feedback mode since random scheduling might pick up subband with very poor CINR. 
Observation 1.  Performance of random scheduling is significantly worse than best subband scheduling irrespective of CSI feedback mode. 

Random scheduling was used in PUSCH 3-1 test as a reference for throughput ratio. It makes sense to consider random subband scheduling as a reference to highlight the benefit of best subband scheduling with subband CQI feedback. However, in PUSCH 3-2 test, test purpose is to verify the benefit of PUSCH 3-2 over PUSCH 3-1, i.e., benefit of simultaneous subband CQI and subband PMI feedback over subband CQI and wideband PMI feedback. Thus, best subband scheduling should be used for both PUSCH 3-1 and PUSCH 3-2 mode operation. 
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Figure 1. Random subband scheduling vs best subband scheduling

Proposal 1.  Use best subband scheduling for both PUSCH 3-1 and PUSCH 3-2 mode operation. 

2.2. Antenna configuration
It was agreed to introduce PUSCH 3-2 test for both TM9 with Rel-12 4 Tx codebook and TM6 with Rel-8 codebook.  For TM9 test with Rel-12 4 Tx codebook, we would like to propose following antenna configuration. 
· 4x2 antenna configuration to use Rel-12 4 Tx codebook

· Cross-polarized (XP) high correlation channel to match with Rel-12 4 Tx codebook 
· Use beam steering defined in [4] to trigger PMI change during the test
For TM6 test with Rel-8 codebook, we would like to propose following antenna configuration. 

· 4x2 antenna configuration to allow better verification of PMI feedback performance

· Uniform linear array (ULA) high correlation channel to match with Rel-8 4 Tx codebook
· Use beam steering to trigger PMI change during the test
Note that, currently, beam steering is defined only for XP antenna correlation but it can be easily extended to ULA channel. For XP channel, beam steering is applied to transmit signal 
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with beam steering matrix 
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for 8 Tx antenna configuration [2] and as

[image: image5.wmf]ú

û

ù

ê

ë

é

Ä

ú

û

ù

ê

ë

é

=

k

k

j

e

D

q

q

0

0

1

1

0

0

1


for 4 Tx antenna configuration [4]. For ULA channel, same formula can be used with beam steering matrix 
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for 4 Tx antenna configuration and  as
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for 2 Tx antenna configuration. 

Proposal 2.  Use 4x2 XP high correlation channel with beam steering for TM9 test with Rel-12 4 Tx codebook.

Proposal 3.  Use 4x2 ULA high correlation channel with beam steering for TM6 test with Rel-8 codebook.

2.3. Timing offset between Tx antenna
Benefit of PUSCH 3-2 over PUSCH 3-1 can be best verified in propagation channel with frequency selective antenna correlation. One obvious way to create frequency selective antenna correlation is to introduce timing offset between Tx antennas. In [3] and [5], it was shown than throughput gain of PUSCH 3-2 over PUSCH 3-1 is marginal when timing offset is limited to 65ns but can be large enough if timing offset is allowed up to 130ns is introduced. We performed similar simulation to investigate the effect of timing offset on PUSCH 3-2 gain. Table 1 lists simulation parameters. 
Figure 1 shows PDSCH throughput comparison between PUSCH 3-1 and PUSCH 3-2 mode with different timing offset between Tx antennas. We can observe that
· When there is no timing offset, throughput gain with PUSCH 3-2 over PUSCH 3-1 is marginal. Throughput gain in ETU channel is slightly higher than that in EVA channel. 
· When timing offset is (-65ns, 65ns, -65ns, 65ns) or (-65ns, 0ns, -65ns, 130ns), throughput gain is observed only in high correlation channel. In low correlation channel, throughput gain is marginal. 
Figure 2 shows throughput ratio between PUSCH 3-2 and PUSCH 3-1 in ETU5 high correlation channel. When TAE is (-65ns, 65ns, -65ns, 65ns), we observe throughput ratio in the range of 1.03~1.12, which does not seem large enough for definition of throughput ratio metric. If we change TAE to (-65ns, 0ns, 65ns,130ns), throughput ratio is larger than 1.2 over good CINR range. Based on this observation, we propose following. 

Proposal 4.  Introduce timing offset of (-65ns, 0ns, -65ns, 130ns) in PUSCH 3-2 test. 

In RAN4 #70bis meeting, several companies showed concern regarding TAE beyond 65ns. In our view, defining UE performance tests with TAE beyond eNB TAE requirements would not cause any issue. 
· It does not have any implication on existing TAE requirements for eNB antennas. 
· We can assume timing offset as an artifact from propagation channel instead of TAE at eNB. It might be true that such timing offset is unlikely to happen in real propagation channel. But, RAN4 already introduced many artificial propagation channel like HST channel and 2-tap channel with rotating second path (B.2.4) that are also unlikely to happen in real world.
· It will have no material impact on UE channel estimation performance. If there is any such impact, it can also be factored into final performance requirement. 
Table 1. Simulation parameters for PUSCH 3-2 test

	Parameter
	Unit
	Test 1 

	Bandwidth
	MHz
	10

	Transmission mode
	
	6

	Duplex mode
	
	FDD

	Propagation channel
	
	EVA5, ETU5

	PDSCH PRBs
	
	6

	Precoding granularity
	PRB
	6

	Subband scheduling
	
	Best subband

	Correlation and antenna configuration
	
	ULA 4x2 Low Corr

ULA 4x2 High Corr

	TAE
	
	(0, 0, 0, 0)

(-65ns, 65ns, -65ns, 65ns)

(-65ns, 0, 65ns, 130ns)

	Cell-specific reference signals
	
	Antenna ports 0,1

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 
FFFF

	 Downlink power allocation
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	0

	
	Pc
	dB
	-3
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	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUSCH 3-1

PUSCH 3-2

	Reporting periodicity 
	ms
	Npd = 5/

	 PMI delay (Note 1)
	ms
	8

	Reporting periodicity 
	ms
	Npd = 5

	OCNG Pattern
	
	OP.1 TDD

	Max number of HARQ transmissions
	
	1

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).
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(a) TAE = (0, 0, 0, 0)
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(b) TAE = (-65ns, 65ns, -65ns, 65ns)
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(c) TAE = (-65ns, 0ns, 65ns,130ns)

Figure 1. PUSCH 3-2 vs PUSCH 3-1 with TAE
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(a) TAE = (-65ns, 65ns, -65ns,65ns)                                      (b) TAE = (-65ns, 0ns, 65ns,130ns)
Figure 2. Throughput ratio between PUSCH 3-2 and PUSCH 3-1
2.4. Test metric
Test metric for PUSCH 3-2 can be defined by modifying test metric for existing subband CQI test defined in section 9.3.1 of 36.101. 
(1) sub-band differential CQI offset level 0 shall be reported at least  % of the time but less than % for each sub-band
(2) the ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS with PUSCH 3-2 and that obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS with PUSCH 3-1 shall be ≥ ;

(3) when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS reported in PUSCH 3-2 mode, the average BLER for the indicated transport formats shall be greater or equal to TBD.
3. Conclusions

In this contribution, we provided analyses on open issues for PUSCH 3-2 test. Based on our analyses, we proposed
Proposal 1.  Use best subband scheduling for both PUSCH 3-1 and PUSCH 3-2 mode operation. 

Proposal 2.  Use 4x2 XP high correlation channel with beam steering for TM9 test with Rel-12 4 Tx codebook.

Proposal 3.  Use 4x2 ULA high correlation channel with beam steering for TM6 test with Rel-8 codebook.

Proposal 4.  Introduce timing offset of (-65ns, 0ns, -65ns, 130ns) in PUSCH 3-2 test. 
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