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1. Introduction

To verify the benefit of PUSCH 3-2, throughput gain of simultaneous feedback of sub-band CQI and sub-band PMI need to be tested. However, there is still some opens (ref. [1]) from the last meeting. In this paper, we provide our considerations on the PUSCH 3-2 test.
2. Discussion
In RAN4 #71 meeting, the test configuration of delay between any 2 TX is still open. The main concern is that certain considered delay is larger than the BS TAE (time alignment error) requirement. Delay between TX antennas is to introduce a channel model with more frequency selective spatial correlation, which is required to demonstrate the gain of PUSCH 3-2 over PUSCH 3-1. From our study, introducing a delay slightly larger than BS TAE requirement does not cause any unexpected performance issue at UE Rx, as shown in our previous simulation results [2]. On the contrary, larger antenna delay gives significantly more PUSCH 3-2 gain over PUSCH 3-1.
Random subband scheduling can also provide slightly more gain for PUSCH 3-2 [3], but we have the following concerns. Both PUSCH 3-1 and PUSCH 3-2 have sub-band CQI in frequency feedback. With this sub-band CQI information from UE, the base station can schedule the UE to the best sub-band to get better UE throughput performance. If UE is randomly scheduled to a sub-band, the UE will have an averaged performance. In other words, UE can achieve similar performance with fixed PRB allocation (no scheduling) and just simply use the reported wideband CQI. In this case similar throughput can be achieved with less feedback information (only wideband CQI feedback) and simple frequency resource allocation (no frequency scheduling, only use fixed sub-band resource allocation).

Figure 1 is the simulation results of throughput ratio of PUSCH 3-2 over PUSCH 3-1. The time delay between 4 Tx have 2 options: (0, 65ns, 0, 65ns) and (-65ns, 65ns, -65ns, 65ns). The frequency scheduling is best sub-band scheduling. The transmission rank is fixed rank 1 for low SNR = [0dB:10dB] and fixed rank 2 for high SNR = [11dB:24dB]. Detailed simulation parameters are in Table 1.
It is seen from the simulation results that with larger delay between Tx up to 130ns (delay (-65ns, 65ns, -65ns, 65ns)), the throughput ratio of PUSCH 3-2 over PUSCH 3-1 is significantly larger. Throughput ratio gamma is 1.34 at SNR=5dB and gamma is 1.42 at SNR=15dB. If the delay is (0, 65ns, 0, 65ns), gamma is 1.13 at SNR=5dB and gamma is 1.11 at SNR=15dB.
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Figure 1. Throughput ratio of PUSCH 3-2 over PUSCH 3-1

Table 1. Simulation parameters for throughput ratio of PUSCH 3-2 over PUSCH 3-1
	Parameter
	Values

	Bandwidth
	10 MHz

	Transmission mode
	9

	Resource allocation
	6 PRB

	Propagation channel
	4x2 EVA5

	Antenna Configuration
	High, X-pol

	Precoding granularity
	6 PRB

	Reporting mode
	PUSCH 3-2
PUSCH 3-1

	Codebook
	Rel-12 4Tx codebook

	PMI delay
	8ms

	Feedback interval
	5ms

	Transmission rank
	Rank 1: [0dB : 10]dB
Rank 2: [11dB : 24dB]

	Transmission MCS
	Adaptation according feedback CQI

	Max number of HARQ transmissions
	1

	Scheduling
	Frequency best sub-band

	Time delay between Tx antenna
	Option 1: (0, 65E-9, 0, 65E-9) second
Option 2: (-65E-9, 65E-9, -65E-9, 65E-9) second


Proposal 1: Introduce a PUSCH 3-2 feedback test with the following setup
· Test metric: throughput ratio of PUSCH 3-2 over PUSCH 3-1 with sub-band transmission

· Best sub-band scheduling for both PUSCH 3-2 and PUSCH 3-1
· TM9 with Rel-12 codebook

· EVA5 High, X-pol channel

· Test point: 

· SNR=[4dB, 5dB], rank 1

· Throughput ratio requirement for different Tx delay
· Option 1: (0, 65ns, 0, 65ns)

· gamma=1.0 for SNR=[4dB, 5dB]
· Option 2: (-65ns, 65ns, -65ns, 65ns)

· gamma=1.10 for SNR=[4dB, 5dB]
3. Conclusion
In this contribution, we give some discussions on how to test feedback mode PUSCH 3-2. Our proposals are in the following.
Proposal 1: Introduce a PUSCH 3-2 feedback test with the following setup

· Test metric: throughput ratio of PUSCH 3-2 over PUSCH 3-1 with sub-band transmission

· Best sub-band scheduling for both PUSCH 3-2 and PUSCH 3-1
· TM9 with Rel-12 codebook

· EVA5 High, X-pol channel

· Test point: 

· SNR=[4dB, 5dB], rank 1

· Throughput ratio requirement for different Tx delay

· Option 1: (0, 65ns, 0, 65ns)

· gamma=1.0 for SNR=[4dB, 5dB]

· Option 2: (-65ns, 65ns, -65ns, 65ns)

· gamma=1.1 for SNR=[4dB, 5dB]

Detailed test parameters for PUSCH 3-2 over PUSCH 3-1 can be found in Annex.
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Table A-1 Test Parameters for PUSCH 3-2/PUSCH 3-1 test for FDD

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10 MHz

	PDSCH resource allocation
	RB
	Best Sub-band scheduling

	Transmission mode
	
	9

	Downlink power allocation
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	dB[mW/15kHz]
	-98
	-98

	Transmission rank
	
	1
	2

	Codebook
	
	Rel-12 4Tx codebook

	Propagation channel
	
	EVA5

	Antenna configuration
	
	4x2 High, XPL

	Beamforming precoder
	
	PUSCH 3-2: feedback sub-band PMI
PUSCH 3-1: feedback wideband PMI

	Delay between Tx antenna
	ns
	Option 1: (0, 65, 0, 65)
Option 2: (-65, 65, -65, 65)

	CRS reference signals
	
	Antenna ports 0,1

	Reporting interval (Note 4)
	ms
	5

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-2

PUSCH 3-1

	Sub-band size
	RB
	6 (full size)

	Max number of HARQ transmissions
	
	1

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported sub-band or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-4a with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.

Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.
Note 4:
PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#1 and #6 to allow aperiodic CQI/PMI/RI to be transmitted in uplink SF#0 and #5.


Table A-2 PUSCH 3-2/PUSCH3-1 test minimum requirement for FDD
	
	Test 1

	 
	TBD

	UE Category
	1-8
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