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1
Introduction
In RAN4#54 meeting, the feasibility of adopting the FDD requirements for TDD in [1] was analyzed. In this contribution, we further investigated the impact of ACK/NACK feedback mode on TDD RI requirements and give our evaluation results and proposals to settle TDD RI requirements.
2
Analysis
As discussed in [1], considering the time plan and work load, adopting FDD requirements to TDD seems to be a good proposal. For most of CSI requirements, this proposal is feasible. However, according to RI test configuration, further research may be needed because of the influence of HARQ process and ACK/NACK feedback mode. 
For HARQ process, as agreed in RAN4#54 CSI ad-hoc, there are no HARQ retransmissions for RI tests. The influence of HARQ can be removed.

ACK/NACK feedback mode

In RAN4, the throughput is measured by counting the number of ACK/NACK reported by UE. For FDD, per-subframe and per-codeword ACK/NACK feedback can be guaranteed. For TDD, as specified in [2], two ACK/NACK feedback modes are supported and they were also analyzed in [5]:
· ACK/NACK bundling : which performed per codeword across M multiple DL subframes associated with a single UL subfame n, the configure M and n corresponding to TDD DL/UL configuration is specified in [2]. 
· ACK/NACK multiplexing : which performed spatial ACK/NACK bundling across multiple codewords with a DL subframe.
TDD RI requirements evaluation
For TDD RI test, both DL/UL configuration, ACK/NACK feedback mode, and RI adapting impact the throughput measurement. We evaluated the influence of different feedback modes on TDD RI test based on the parameters in [4], an ideal throughput calculation is supplied as a reference. 
Figure 1 and figure 2 below show the throughput ratio results with different counting methods for low antenna correlation and high antenna correlation respectively. Table 2 summarizes TDD RI requirements with ideal throughput stat., ACK/NACK bundling, and ACK/NACK multiplexing. From the simulation results, we can find that results with bundling mode is close to ideal counting results. And the throughput ratio 
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 for test 1 and test 3 with multiplexing mode are obvious higher than ideal value. It’s associated with the logical AND operation. These two ACK/NACK feedback modes bundle ACK/NACKs across multiple DL subframes in time domain or across multiple codewords in spatial domain by a logical AND operation. Since channel correlation in time domain is strong, the influence of bundling mode is limited. Because of spatial imbalance between two codewords, the throughput counting with multiplexing mode for fixed rank2 transmission is severely decreased compared to ideal stat, especially for low SNR and high correlation.
Table 1 RI Test parameters config. (TDD)
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	dB
	-3
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	dB
	-3

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	Propagation condition and antenna configuration
	
	[2 x 2 EPA5]

	CodeBookSubsetRestriction bitmap
	
	000011 for fixed RI = 1

010000 for fixed RI = 2

010011 for UE reported RI

	Antenna correlation
	
	Low
	Low
	High

	RI configuration
	
	Fixed RI=2 and follow RI
	Fixed RI=1 and follow RI
	Fixed RI=2 and follow RI

	SNR
	dB
	[0]
	[20]
	[20]

	
[image: image4.wmf])

(

j

oc

N


	dB[mW/15kHz]
	[-98]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-98]
	[-78]
	[-78]

	Maximum number of HARQ transmissions
	
	[4]

	PUCCH Format
	
	[Format 2]

	PUCCH Report Type
	
	3

	Reporting periodicity 
	ms
	[NP = 5]

	Minimum PMI and CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	3

	ri-ConfigurationInd
	
	[TBD]

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1: In the case of rank 2 transmissoin, if one of the codewords terminates before another codeword, the base station shall not schedule new data for that codeword if the latest RI report is 1.

Note 2: If the UE reports in an available uplink reporting instance at subframe SF#n based on PMI and CQI estimation at a downlink subframe not later than SF#(n-4), this reported PMI and wideband CQI cannot be applied at the eNB downlink before SF#(n+4).
Note 3: Reference measurement channel according to Table A.4-2.
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Figure1 Throughput ratio results contrast for low antenna correlation (HARQ=1)
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Figure2 Throughput ratio results contrast for high antenna correlation (HARQ=1)

Table 2 RI test throughput ratio contrast (TDD)
	
	Test 1 (0dB)
	Test 1 (1dB)
	Test 2 (20dB)
	Test 2 (21dB)
	Test 3 (20dB)
	Test 3 (21dB)

	Ideal throughput stat.

	1
	N/A
	N/A
	1.34
	1.38
	N/A
	N/A

	2
	1.27
	1.24
	N/A
	N/A
	1.78
	1.69

	ACK/NACK Bundling

	1
	N/A
	N/A
	1.26
	1.29
	N/A
	N/A

	2
	1.21
	1.18
	N/A
	N/A
	1.94
	1.81

	ACK/NACK Multiplexing

	1
	N/A
	N/A
	1.3
	1.33
	N/A
	N/A

	2
	3
	2.6
	N/A
	N/A
	2.77
	2.34


Possible Way forward for TDD RI requirements
Based on the evaluation above, several options for how to settle TDD RI requirements as list below:
Option1: Revise the feedback mode to bundling and only schedule downlink subframes 3&8.
With this option, the impact of ACK/NACK feedback mode is removed and the FDD requirements could be re-used. The main drawback of this option is that test time will be doubled since the shrinking of the available subframes. This should be the most reliable option. 
Option2: Revise the feedback mode to bundling and keep current downlink subframes scheduling.
Since only minor differences were introduced to RI requirements by bundling mode, we can re-use current RI requirements. Perhaps, no additional simulations are needed, and test time will not be increased. This could be another way forward.
Option3: Keep current assumptions in [4], use multiplexing mode.
If we adopt this proposal, further study and simulations will be needed. We possibly can not achieve the purpose of the RI test as the high value of the throughput ratio 
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 is due to the multiplexing feedback mode. This option is not recommended from our point of view.
3 Conclusion
In this contribution, we evaluated the impact of ACK/NACK feedback mode on TDD RI requirements. Based on the evaluation results, two options were suggested to settle TDD RI requirements as list below:
Option1: Revise the feedback mode to bundling and only schedule downlink subframes 3&8.

Option2: Revise the feedback mode to bundling and keep current downlink subframes schedule.
Option1 should be most reliable and option2 could also be another way forward.
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