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1 Introduction

In the last meeting, there were many discussions on PUSCH 3-2 test methodology, and a WF [1] was approved to summarize the candidate options and remaining issues.

WF [1] provided the candidate options of PUSCH 3-2 test setup as:

· Option 1: 

· PUSCH 3-2 over PUSCH 3-1 for TM6, Timing Offset < 65ns 

· With random sub-band scheduling for PUSCH 3-2 and PUSCH 3-1

· PUSCH 3-2 over PUSCH 1-2 for TM9, Timing Offset < TBD ns

· With best sub-band (PUSCH 3-2) over random sub-band scheduling (PUSCH 1-2)

· Option 2:

· PUSCH 3-2 over PUSCH 3-1 for TM6, TM9, Timing Offset < TBD ns 
· With best sub-band scheduling for PUSCH 3-2 and PUSCH 3-1 

· Option 3:

· PUSCH 3-2 over PUSCH 3-1 for TM6 & TM9, Timing Offset = 0ns 

· With random sub-band scheduling

· PUSCH 3-2 over PUSCH 1-2 for TM6 & TM9, Timing Offset  = 0ns

· With best sub-band (PUSCH 3-2) over random sub-band scheduling (PUSCH 1-2)

· Other options are not precluded

Shown in [2], the above options were supported by different companies and we prefer option 1.

WF [1] had also suggested investigating the impacts of large time-offset on demodulation performance:

· Provide studies on performance impact for Option B with the following configuration (the following parameters are just for evaluation): 

· Timing offset: no timing offset , (-65ns, 0ns, 65ns, 130ns) 

· TM3 link adaptation test, SNR = 0 dB ~ 20 dB, 2 dB step 

· EPA5, EVA5, ETU5, 4×2 ULA Low 
· Possible decision e.g. if there is performance impact shown, then TAE < 65 ns could be considered, otherwise Option B could be considered. 
In this contribution, we firstly discuss the key issues of PUSCH 3-2 testing setup. Then, link level simulation are provided to verify the impacts of large time offset on UE demodulation performance and the feasibility of proposed testing methodology. Finally, a summary is present to show our proposals.

2 Discussion

In this section, we would discuss the several key issues highly related to the PUSCH 3-2 testing setup, and they are:

· Time-delay between TX antennas

· downlink transmission scheduling
· UE behaviour of time-synchronization and PDP estimation
2.1 Time-delay among TX antennas

Regarding the large time delay, our view is that it’s invalid scenarios for UE to observe large time-delay between TX antennas.
From UE point of view, time-offset between TX antennas may come from the BS TAE and propagation channel:
· The time alignment error (TAE) from BS station in TS36.104. It is defined that: “For MIMO or TX diversity transmission, at each frequency, TAE should not exceed 65ns”, which means the largest timing difference between any two signals should not exceed 65ns. 

· Time-offset caused by propagation channel. So far as we known, there isn’t any evidence to show the existence of large time-offset from QCL antennas caused by propagation channel. Taking the SCM modelling in TS 36.814 and ITU fast fading modelling in ITU-R M.2135 for example, the same multiply-delay is applied from different TX antennas.
So, in practical network, UE would not be able to observe a large time-offset (>65ns): 
Observation 1: RAN4 should be aware of the truth that it’s an invalid scenario for UE to observe large time-offset from QCL TX antennas. 

2.2 Downlink transmission scheduling
Regarding the scheduling, our view is that random subband scheduling is also suitable to verify the implement of PUSCH 3-2 feedback mode.

As subband PMI/CQI of all the subbands should be measured and reported when PUSCH 3-2 configured, apparently, RAN4 test cases should be able to verify that the entire sets of subband PMI/CQI are all correctly measured and reported. From this point of view, compared with best-subband scheduling, random scheduling could guarantee the test coverage on the entire subband.
What’s more, system level simulation could show that best-subband is not always used in real-deployment, and eNB would allocate certain resource to the UE which don’t achieve best-CQI on it. Figure 1 shows the proportion that the how much resource is allocated to the UE which has best-CQI on it. Detailed simulation assumptions are provided in Appendix 8.1:
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Figure 1 Percentage of best-subband utilization with different traffic load
It could observe that the percentage of best-subband utilization would increase with larger amount of active UE per sector. Based on above analysis and results, we propose that:
Observation 2: Random subband scheduling is also a suitable to verify the subband PMI/CQI measurement for PUSCH 3-2 feedback mode.
2.3 UE behaviour of time-synchronization and PDP estimation
In this section, we would like to clarify the UE behaviour of time-synchronization and PDP estimation based on LTE specification. 
In the current specification, there is the following guidance about antenna ports in TS36.213 and TS36.211, the related contents are cited as follows: 

·  Section 7.1.10 in TS36.213:
A UE configured in transmission mode 1-9 for a serving cell may assume the antenna ports 0 – 3, 5, 7 – 22 of the serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
· Section 6.2.1 in TS36.211:
Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay. A UE shall not assume that two antenna ports are quasi co-located unless specified otherwise.
Based on the above description, it is expected that UE could assume the same multi-path delay among QCL antenna ports. So, from UE implement point view, as long as achieving enough measurement accuracy, UE could keep time-synchronization and estimate PDP based on any set of antenna ports which are defined as quasi co-located. 

Observation 3: From LTE specification and UE implement point of view, UE could keep time-synchronization and perform PDP estimation based on any set of antenna ports which are QCL.
3 Evaluation on the impacts of large time-offset
In this section, we would like to evaluate the impacts of large time-offset on the UE demodulation performance. The simulation assumptions are adopted from agreed WF [1], listed in Table 1: 
Table 1: Simulation assumptions of the large time-offset impact
	Parameter
	Values

	Antenna configuration
	4x2 low

	Propagation channel
	EPA5, EVA5

	Resource allocation
	50 PRB

	MCS
	PUCCH 1-0, Adapted MCS with 10% OLLA

	Transmission mode
	TM3

	Rank
	Rank 2

	Time delay between antennas
	[-65 0 65 130] ns for port 0/1/2/3 respectively

	Time synchronization 
	ideal time-synchronization

	PDP estimation
	ideal PDP estimation


In our simulation, different time delays are applied into different ports, such as port 0 with -65ns and port 3 with 130ns. Then, three UE behaviours are defined:
· Behaviour A: keeping time-synchronization with port0, performing PDP estimation of port 0/1/2/3, performing channel estimation of port 0/1/2/3 based on respective PDP.
· Behaviour B: keeping time-synchronization with port 0, performing PDP estimation of on port0, performing channel estimation of port 0/1/2/3 based on port0 PDP
· Behaviour C: keeping time-synchronization with port 3, performing PDP estimation of on port3, performing channel estimation of port 0/1/2/3 based on port3 PDP
The throughput performances of TM3 with different UE behaviours and propagation channel are given in Figures 2.
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Figure 2 throughput performance of different CSI feedback

Based on the above results, it can be observed that:

· Generally, compared with the throughputs of 0ns time-offset and given time-offset, significant performance degradation could be observed for different UE behaviours.
· With given time-offset, different UE behaviours would result in different throughput performance. Such as, behaviour A could get the similar performance with 0ns time-offset, while behaviour C performs worst. The reason is that behaviour C not only keep the wrong time-synchronization which would introduce ISI for the signals coming from port 0/1/2 , but also implement wrong channel estimation for port 0/1/2.

Let’s keep in mind that, based on the analysis in section 3.3, the evaluated behaviours A/B/C are all the correct UE behaviours based on the QCL definition in LTE specification. 

So, an obvious observation/conclusion could be got that: a large time-offset will not only lead performance degradation compared with zero time-offset, but also introduce unexpected penalty on some correct UE behaviours.

Observation 4: A large time-offset will not only lead performance degradation compared with 0ns time-offset, but also introduce unexpected penalty on correct UE implement of time-synchronization and channel estimation.
4 Evaluation of proposed PUSCH 3-2 test
In this section, we would like to justify the feasibility of Option1 in WF [1] as test methodology for PUSCH 3-2. The simulation assumptions are provided In Table 2, and simulation results in Figure 3.
Table 2: Simulation assumptions of PUSCH 3-2 feedback

	Parameter
	Test-1
	Test-2

	Antenna configuration
	4x2 low

	Propagation channel
	EVA5

	Resource granularity
	One subband (6PB)

	MCS
	adaptive MCS

	Precoding matrix
	Followed PMI

	Rank
	Rank 1

	Test metric
	PUSCH3-2 over PUSCH3-1
	PUSCH3-2 over PUSCH1-2

	Resource allocation
	One subband randomly selected
	One subband with best CQI

	Transmission mode
	TM6
	TM9

	Time offset
	0ns/65ns
	0ns
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Figure 3 throughput performances of test-1 and test-2
From the above results, it can be observed that within SNR range of [0 dB 12dB]: 

· Regarding test-1 of PUSCH 3-2 over PUSCH 3-1, we could observe 1.15~1.25 throughput ratio without time delay, and 1.18~1.30 throughput ratio with 65ns time delay
· Regarding test-2 of PUSCH 3-2 over PUSCH 1-2, we could observe 1.3~1.5 throughput ratio without time delay
Based on the results of test-1, significant performance gain of PUSCH 3-2 over PUSCH 3-1 could be achieved based on the parameters combination of 4x2 ULA/EVA low/random scheduling without large time-offset.
Observation 5: Regarding the test metric of PUSCH 3-2 over PUSCH 3-1, it’s not necessary to introduce large time-offset (>65ns) for more frequency-selective spatial correlation.
Based on the results of test-2, the performance gain of PUSCH 3-2 over PUSCH 1-2 is also significant enough.
Observation 6: Regarding the test metric of PUSCH 3-2 over PUSCH 1-2, the proposed test setup is feasible.

5 Summary
In this section, we would like to give a summary of our proposals on PUSCH 3-2 testing setup.
In our contribution, section 2.1 firstly tell us the configuration of large time offset is some kinds of artificial channel and invalid scenarios; section 2.2 prove that the random subband scheduling is also a suitable setup for PUSCH 3-2 testing; section 2.3 and section 3 tell us the large time-offset will not only lead performance degradation compared with zero time-offset, but also introduce unexpected penalty on some correct UE implements; section 4 provides the results to verify the sufficient gain with small time-offset and random scheduling, So, in summary, we propose that 

Proposal 1: RAN4 adopt the configuration of small time-offset (<65ns) and random-subband scheduling to verify the throughput ratio of PUSCH 3-2 over PUSCH 3-1
Considering the option 1 and 3 in WF [1], we slightly prefer option 1 just for the purpose of simplifying the testing procedure. 
Proposal 2: RAN4 adopt the following testing setup for PUSCH 3-2 tests: 
· PUSCH 3-2 over PUSCH 3-1 for TM6, Timing Offset < 65ns 

· With random sub-band scheduling for PUSCH 3-2 and PUSCH 3-1

· PUSCH 3-2 over PUSCH 1-2 for TM9, Timing Offset < TBD ns

· With best sub-band (PUSCH 3-2) over random sub-band scheduling (PUSCH 1-2)

As we have shown the impacts of large time-offset on demodulation performance with different UE behaviors, if some companies still hold the view of introducing large time-offset for the purpose of enlarging the performance gain of PUSCH 3-2 over PUSCH 3-1, we suggest RAN4 firstly clarifying and aligning the UE behaviour of time-synchronization and PDP estimation, so that some kinds of correct UE implement wouldn’t be punished accidentally or intentionally.
Proposal 3: Before introducing large time-offset, RAN4 should firstly clarify and align the UE behaviour of time-synchronization and PDP estimation, for the purpose of not punishing correct UE implement.
6 Conclusion
In this contribution, technical analysis and link level evaluation are captured to discuss how to define the PUSCH 3-2 test setup. Based on the above analysis and results, we get the observation as following:
Observation 1: RAN4 should be aware of the truth that it’s an invalid scenario for UE to observe large time-offset from QCL TX antennas. 

Observation 2: Random subband scheduling is also a suitable to verify the subband PMI/CQI measurement for PUSCH 3-2 feedback mode.
Observation 3: From LTE specification and UE implement point of view, UE could keep time-synchronization and perform PDP estimation based on any set of antenna ports which are QCL.
Observation 4: A large time-offset will not only lead performance degradation compared with 0ns time-offset, but also introduce unexpected penalty on correct UE implement of time-synchronization and channel estimation.
Observation 5: Regarding the test metric of PUSCH 3-2 over PUSCH 3-1, it’s not necessary to introduce large time-offset (>65ns) for more frequency-selective spatial correlation.

Observation 6: Regarding the test metric of PUSCH 3-2 over PUSCH 1-2, the proposed test setup is feasible.

Based on the observation, we have such proposals:

Proposal 1: RAN4 adopt the configuration of small time-offset (<65ns) and random-subband scheduling to verify the throughput ratio of PUSCH 3-2 over PUSCH 3-1
Proposal 2: RAN4 adopt the following testing setup for PUSCH 3-2 tests: 

· PUSCH 3-2 over PUSCH 3-1 for TM6, Timing Offset < 65ns 

· With random sub-band scheduling for PUSCH 3-2 and PUSCH 3-1

· PUSCH 3-2 over PUSCH 1-2 for TM9, Timing Offset < TBD ns

· With best sub-band (PUSCH 3-2) over random sub-band scheduling (PUSCH 1-2)

Proposal 3: Before introducing large time-offset, RAN4 should firstly clarify and align the UE behaviour of time-synchronization and PDP estimation, for the purpose of not punishing correct UE implement.
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8 Appendix
8.1 System evaluation of full-buffer PF scheduling 
The simulation assumptions are listed in Table 3, and results shows in Figure 4.
Table 3: Simulation assumptions of PUSCH 3-2 feedback

	Parameter
	values

	Scenarios
	3GPP case1, 19x3

	Scheduling algorithm
	PF

	Traffic model
	Variable number of active UE per sector, each active UE capture full buffer traffic model.
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Figure 4 throughput performance of different CSI feedback

It should be mentioned, for the purpose of better understanding the relationship of best-subband utilization and active UE number per sector, typical burst traffic model is not used in our simulation. The reason is that with proposed Resource Utilization of burst buffer, such as 10%~50%, the average active UE number per sector would be very low. 
