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1. Introduction

In RAN4 #64 meeting, whether to introduce a new CA CSI tests was discussed extensively by companies. It was pointed out that it’s possible to pass the UE demodulation performance test with TM4 when the PMI reported by the SCell was based on the estimation from the PCell as a random order subband. So it was proposed to introduce a periodic CQI test by reusing one of the existing CQI test with power imbalance on PCell and SCell for the functional verification that the reported CSI was correctly on each cell. The agreed way forward during the meeting is listed below [1].

· Add one periodic CQI test for CA without PMI and RI tests in the Rel-10 time frame.

The agreed proposal with a specification text was captured in [2].
In this contribution, we will provide our simulation results according to the agreed test method in [2] and provide the suggestions on the TBD values. For TDD CA periodic CQI test, the bandwidth is configured as 20MHz for both cells so that a new FRC table is needed.
2. Simulation results and TBD values for CQI difference
In the agreed periodic CQI test for CA, the imbalanced powers are set on Pcell and Scell. So the reported CQIs are different from Pcell and Scell. The difference between the reported wideband CQI of Pcell and Scell shall be such that wideband CQIPcell – wideband CQIScell ≥ TBD for more than 90% of the time. The simulations are provided for both FDD and TDD to determine the TBD values for CQI difference. The results are shown in Table 1 and Table 2, and the simulation assumptions based on [2] have been provided in appendix.
Table 1 Periodic CQI test for FDD CA
	wideband CQIPcell
	Percentage of reported wideband CQIPcell
	wideband CQIScell
	Percentage of reported wideband CQIScell
	CQI difference (wideband CQIPcell – wideband CQIScell)
	Percentage of CQI difference

	11
	97.35%
	7
	9.05%
	3
	88.4%

	12
	2.65%
	8
	90.95%
	4
	11.5%

	
	
	
	
	5
	0.1%


Table 2 Periodic CQI test for TDD CA
	wideband CQIPcell
	Percentage of reported wideband CQIPcell
	wideband CQIScell
	Percentage of reported wideband CQIScell
	CQI difference (wideband CQIPcell – wideband CQIScell)
	Percentage of CQI difference

	11
	99.75%
	7
	2.1%
	3
	97.65%

	12
	0.25%
	8
	97.9%
	4
	2.35%


Observation: The last two columns in Table 1 and Table 2 show the percentage of reported wideband CQI difference between Pcell and Scell when SNRs of 10dB and 4dB are configured on Pcell and Scell respectively. It is seen from the results that the CQI differences should be 3 for both FDD and TDD to ensure that wideband CQIPcell – wideband CQIScell ≥ TBD for more than 90% of the time.
Proposal 1: The TBD values for CQI difference should be 3 for both FDD and TDD in CA CSI period reporting tests.
3. TBD values for cqi-pmi-ConfigurationIndex determination 
In the agreed CA CSI period reporting tests, the CQI reporting periodicity is set to 10ms for both FDD and TDD. However, the cqi-pmi-ConfigurationIndex values, which determine the offset NOFFSET,CQI (in subframes) for CQI reporting, still remained TBD. There would be two issues under consideration:
· The collision between the CQI feedback and HARQ-ACK.
· Configure a 5 ms offset between the CSI reporting on the Pcell and Scell such that these cells are reported in an alternate fashion without collision (one report provided on the PUCCH every 5 ms).
The similar issues had been discussed in eICIC CQI tests to determine the reporting periodicity and subframe offset [3]. Here we use the similar methodology to determine the parameter cqi-pmi-ConfigurationIndex for CA CSI test cases.
For FDD, PUCCH format 2 is the mandatory for CQI reporting and there was a possibility that some UE could not support PUCCH format2a/b. And PUCCH format1b with channel selection is used for HARQ-ACK feedback. So when there is a collision between CQI reporting and HARQ-ACK, the CQI reporting will be dropped.
If the parameter cqi-pmi-ConfigurationIndex is configured as 11 for one cell, the CQI reporting will happen in subframe #4 for this cell. If the parameter cqi-pmi-ConfigurationIndex is configured as 16 for the other cell, the CQI reporting will happen in subframe #9. Thus the two cells are reported alternately with one report every 5ms. Considering that subframe #0 and #5 are not scheduled in FDD CA CSI test, no HARQ-ACK will be transmitted in subframe #4 and #9. In this case, the collision between CQI reporting and the HARQ-ACK in the same subframe can be avoided, which is shown in Figure 1. 
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Figure 1 CA CQI periodic reporting in FDD (cqi-pmi-ConfigurationIndex=11 and 16)
Proposal 2: For FDD, the cqi-pmi-ConfigurationIndex-s are proposed to be 11 and 16 respectively for the two cells.
For TDD, UL-DL configuration 2 is used and only subframe #2 and #7 are UL subframes in this UL-DL configuration. Subframe #3, #4, #8, # 9 are scheduled for DL data. The HARQ-ACK feedback is transmitted in subframe #2 and #7 which should also be used for CQI reporting of the two cells. Because all the UL subframes are used for HARQ-ACK feedback, the collision of the CQI feedback and HARQ-ACK cannot be avoided. In this case, it is necessary to report both CQI and HARQ-ACK on PUSCH instead of PUCCH, which is called piggyback and has already been used in Rel-8/9. If the parameter cqi-pmi-ConfigurationIndex is configured as 8 and 13 for the two cells, the CQI reporting will happen in subframe #2 for one cell and #7 for the other. The two cells are reported alternately with one report every 5ms, which is shown in figure 2.
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Figure 2 CA CQI periodic reporting in TDD (cqi-pmi-ConfigurationIndex=8 and 13)
Proposal 3: For TDD, cqi-pmi-ConfigurationIndex-s are proposed to be 8 and 13 respectively for the two cells.
4. FRC for TDD CA periodic CQI test
All the CQI tests in Rel-8/9 are under 10MHz bandwidth and FRC tables for these tests are designed in accordance with 10MHz bandwidth. However, in the agreed periodic CQI test for TDD CA, 20MHz bandwidth is configured for both cells. Thus Table A.4-3 in 36.101 is no longer suitable for TDD CA periodic CQI test. It needs to add a new FRC Table as Table 3 shown below for TDD CA periodic CQI test. 
Proposal 4: Add a new reference channel table with 20MHz bandwidth, i.e.100 PRB, for TDD CA periodic CQI test. 
Table 3 Transport format corresponding to each CQI index for 100 PRB allocation single antenna transmission (CRS)

	CQI index
	Modulation
	Target code rate 
	Imcs
	Information Bit Payload
	Binary Channel Bits Per Sub-Frame

	0
	out of range
	out of range
	DTX
	-
	-

	1
	QPSK
	0.0762
	0
	2792
	25200

	2
	QPSK
	0.1172
	0
	2792
	25200

	3
	QPSK
	0.1885
	2
	4584
	25200

	4
	QPSK
	0.3008
	4
	7224
	25200

	5
	QPSK
	0.4385
	6
	10296
	25200

	6
	QPSK
	0.5879
	8
	14112
	25200

	7
	16QAM
	0.3691
	11
	17568
	50400

	8
	16QAM
	0.4785
	13
	22920
	50400

	9
	16QAM
	0.6016
	16
	30576
	50400

	10
	64QAM
	0.4551
	18
	32856
	75600

	11
	64QAM
	0.5537
	21
	43816
	75600

	12
	64QAM
	0.6504
	23
	51024
	75600

	13
	64QAM
	0.7539
	25
	57336
	75600

	14
	64QAM
	0.8525
	27
	63776
	75600

	15
	64QAM
	0.9258
	27
	63776
	75600

	Note1: Sub-frame#0 and #5 are not used for the corresponding requirement.


5. Conclusions
In this contribution, simulation results for CA period CSI reporting tests are provided and suggestions on the TBD values setup are given.
For CQI difference TBD values,
Proposal 1: The TBD values for CQI difference should be 3 for both FDD and TDD in CA CSI period reporting tests.
For cqi-pmi-ConfigurationIndex values,
Proposal 2: For FDD, the cqi-pmi-ConfigurationIndex-s are proposed to be 11 and 16 respectively for the two cells.
Proposal 3: For TDD, cqi-pmi-ConfigurationIndex-s are proposed to be 8 and 13 respectively for the two cells.
In addition, for TDD CA periodic CQI test,
Proposal 4: Add a new reference channel table with 20MHz bandwidth, i.e.100 PRB, for TDD CA periodic CQI test.
6. References
[1] Intel Corporation, R4-124767,” Meeting minutes for CA and eDL-MIMO demodulation ad hoc”, TSG RAN WG4 Meeting #64,Qingdao, China, 13-17 August, 2012

[2]ST-Ericsson, Ericsson, Renesas Mobile Europe Ltd, Qualcomm Incorporated, Huawei, HiSilicon, AT&T, R4-124779,” Way forward on periodic CQI test for CA”, TSG RAN WG4 Meeting #64,Qingdao, China, 13-17 August, 2012
[3] Huawei, HiSilicon, R4-63AH-0119,” Interference level and requirement for CQI definition test”, TSG-RAN WG4 Meeting #63 UE performance AH, Oulu, Finland, 26-28 June, 2012
7. Appendix: Simulation assumptions
PUCCH 1-0 static test on multiple cells (FDD)

	Parameter
	Unit
	Pcell
	Scell

	Bandwidth
	MHz
	[10 MHz for both cells]

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	Propagation condition and antenna configuration
	
	AWGN (1 x 2)

	SNR
	dB
	[10]
	[4]
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	dB[mW/15kHz] 
	[-88]
	[-94]
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI reporting
	
	PUCCH

	PUCCH Report Type
	
	PUCCH Format 2

	Reporting periodicity 
	ms
	Npd = 10

	 cqi-pmi-ConfigurationIndex
	
	TBD
	TBD [shift of 5 ms relative to Pcell]

	ACK/NACK feedback mode
	
	PUCCH 1b with channel selection

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


PUCCH 1-0 static test on multiple cells (TDD)

	Parameter
	Unit
	Pcell
	Scell

	Bandwidth
	MHz
	[20 MHz for both cells]

	PDSCH transmission mode
	
	1

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	Downlink power allocation
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	0

	Propagation condition and antenna configuration
	
	AWGN (1 x 2)

	SNR
	dB
	[10]
	[4]
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	dB[mW/15kHz] 
	[-88]
	[-94]
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI reporting
	
	PUSCH (Note 2)

	PUCCH Report Type
	
	4

	Reporting periodicity 
	ms
	Npd = 10

	 cqi-pmi-ConfigurationIndex
	
	TBD
	TBD [shift of 5 ms relative to Pcell]

	ACK/NACK feedback mode
	
	PUCCH 1b with channel selection

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

Note 2:
To avoid collisions between CQI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#3 and #8 to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#7 and #2.
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