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1 Introduction
In RAN4#63AH meeting it was propose to introduce new CSI requirement for CA test configuration [1]. The discussions during the meeting mainly focused on whether the CSI reporting for CA can be impliciltly verified by means of the UE demodulation performance test with TM4 [2]. In this contribution we provide the simulation results when the PMI reported by the SCell was based on the estimation from the PCell and prove for this case it is possible to pass the TM4 performance test. Moreover we propose the way forward for this topic with a Rel-10 specification update.
2 TM4 performance results with CA
The simulation is based on UE deomulation test with TM4 4x2 multi-layer spatial multiplexing from [3].
In this simulation we have run three curves as shown in Figure 1. 
1. Follow PMI: Use the reported PMI for each subband
2. Random PMI: Use a completly random PMI for each subband, this will mimic the case when the carriers are very far from each other and hence the PMI for the different subband should be completly uncorrelated.
3. Random order PMI: Take the reported PMIs and reorder the subband, i.e. if the reported PMI vector were [1 2 3 4], then after a random reordering it could look like [2 3 4 1]. This will mimic the case when the carriers are close to each other, and hence there is a dependency between the reported PMI for the carriers. The main PMI direction should be catched in this case.
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Figure 1Throughput performance of TM4 with follow, random PMI and random order PMI
We use Tx EVM as 6% and practical channel estimation and noise estimation for all the test cases. No Rx impairment is applied. And please be noted the channels between two carriers are uncorrelated.

The SNR values as 70% maximum throughput are shown in Table 1 for the 3 curves.

Table 1 70% maximum throughput SNR value in dB

	SNR [dB]
	follow PMI
	random PMI
	random order PMI

	70%
	7,57
	11,16
	10,05


The current SNR requirement is 10.8dB so in case the Rx impairment can be achieved within 0.75dB it’s possible to pass the performance test with random order PMI when intra-band CA is used. Even though TM4 for FDD is only designed for inter-band CA but for FDD there is power imbalance test and the entire TDD test suites are applied with intra-band CA there is certainly possibility that when SCell is using wrong PMI from PCell the performance test can be passed. And please be noted there will be extra margin added in RAN5 when the conformance test is done in reality which increase also increase the possibility. In order to fill in such a big gap new CSI requirement is required for CA in already Rel-10. 
3 Signaling test” in 36.101
The test configuration for the proposed signaling test is shown in Figure 2: a static test with two different SNR levels and a 6 dB difference that would correspond to at least two CQI steps. The transmission mode is TM1. The requirement is that the CQI value on the Pcell should be at least 2 steps above that of the Scell for 90% of the time. 
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Figure 2: test configuration for the functional test.

This should be tested for both periodic and aperiodic reporting using the existing configuration for the PUCCH 1-0 AWGN test for CRS as much as possible. 

For periodic reporting on PUCCH for FDD the following:

1. set the periodicity of reporting on each cell to 10 ms 

2. configure a 5 ms offset between the reporting on the Pcell and Scell so these cells are reported in an alternate fashion without collision (one report provided on the PUCCH every 5 ms)

3. use existing FRC for the Rel-8/9 CQI tests

The UE should not be configured for simultaneous PUSCH and PUCCH transmission. If there is no PUSCH allocation, periodic CSI reporting occurs on PUCCH (physical reporting channel). Figure 1 suggests intra-band contiguous CA but the proposed test is equally applicable for intra-band non-contiguous and inter-band CA. The bandwidths of the Pcell and Scell should be 10 MHz if contained in a bandwidth combination set of an E-UTRA CA Configuration supported by the UE under test.

For TDD, U/D configuration 2 is used for the existing PUCCH 1-0 test, and reporting must occur on the PUSCH due to collisions between the A/N and CSI reports for PUCCH Format 2. For TDD the same periodicity could be used but with an UL-SG configured every 10 ms per cell so that PUSCH is used for reporting in the cell with the smallest ServCellIndex (the Pcell).

For aperiodic reporting the CSI request field is set to reporting on both Pcell and Scell and with reports triggered with the same periodicity.

The same methodology could be used for functional verification of RI and PMI reporting, e.g. by selecting a static rank-two channel on Pcell and a rank-one channel on the Scell using a 2 x 2 antenna configuration to alleviate the impact on e.g. phase mismatch in the test systems. However, it may be sufficient to specify a “signalling test” for CQI only, and instead require that

1. the current requirements for Pcell reporting accuracy should also be applicable for the SCell with the same test configuration as for the Pcell.

The tests with non-ABS and ABS subframes would not be considered for the Scell.
For the aperiodic test cases, the CSI request field should be configured for reporting on the Scell alone, and the reporting performance measured on the Scell only. For example, the PUSCH 3-0 test in Clause 9.3.1.1 (aperiodic reporting) is configured identically for the Pcell and Scell, and the performance for the Scell is determined by considering the reporting statistics (percentiles) and throughput on Scell alone based on the recommended CQI for the Scell. 

For the corresponding periodic test cases with PUCCH as the physical reporting channel, the reporting period for the Pcell is set to the maximum Npd = 160 ms, while keeping the reporting period for the Scell according to the current tests (5 ms). In this way collisions between the CSI reports of the two cells are avoided for most of the time, and the CSI reports of the SCell are transmitted (in case of collision between CSI reports of different serving cells with PUCCH reporting type of the same priority the CSI of the Pcell is reported and the Scell report dropped).

The bandwidths of the Pcell and Scell may be modified if 10 MHz + 10 MHz is not contained in any bandwidth combination set of the E-UTRA CA configuration under test (would then require additional CSI reference measurement channels).
It may not be necessary to introduce the Scell accuracy requirements in the test specification 36.521-1, only the functional test. 
4 Proposal
It is proposed to

1. introduce a “signaling test” for functional verification that the CSI is reported correctly on each cell with multiple cells configured by using an AWGN test with different conditions on the Pcell and Scell (in 36.101 and 36.521-1),

2. require that the CSI requirements on reporting accuracy for the Pcell is also applicable for the Scell with identical test configuration for the Pcell and Scell,

3. introduce the changes in Rel-10,

4. introduce the requirements in Item 2 in the 36.101 only and for a selected set of test cases.

A tentative specification text is shown below.

9.6

Additional requirements for carrier aggregation
This clause includes requirements for the reporting of channel state information (CSI) with the UE configured for carrier aggregation. The purpose is to verify that the channel state for each cell is correctly reported with multiple cells configured for both periodic and aperiodic reporting, and to verify the reporting accuracy for secondary cells.

9.6.1

Periodic reporting on multiple cells (Cell-Specific Reference Symbols)
9.6.1.1
FDD

The following requirements apply to UE Category 3-8. For the parameters specified in Table 9.6.1.1-1, and using the downlink physical channels specified in tables C.3.2-1 and C.3.2-2 on each cell, the difference between the wideband CQI indices of Pcell and Scell reported according to Table A.4-3 shall be such that


wideband CQIPcell – wideband CQIScell ≥ 2
for more than 90% of the time. 

Table 9.6.1.1-1: PUCCH 1-0 static test on multiple cells (FDD)

	Parameter
	Unit
	Pcell
	Scell

	Bandwidth
	MHz
	[10 MHz for both cells or according to the E-UTRA CA Configuration under test if this bandwidth combination not supported]

	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]
	-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]

	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.


9.6.1.2
TDD

The following requirements apply to UE Category 3-8. For the parameters specified in Table 9.6.1.2-1, and using the downlink physical channels specified in tables C.3.2-1 and C.3.2-2 on each cell, the difference between the wideband CQI indices of Pcell and Scell reported according to Table A.4-3 shall be such that


wideband CQIPcell – wideband CQIScell ≥ 2
for more than 90% of the time. 
Table 9.6.1.2-1: PUCCH 1-0 static test on multiple cells (TDD)

	Parameter
	Unit
	Pcell
	Scell

	Bandwidth
	MHz
	[10 MHz for both cells or according to the E-UTRA CA Configuration under test if this bandwidth combination not supported]

	PDSCH transmission mode
	
	1

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	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]
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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
	
	Multiplexing

	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.


9.6.2

Aperiodic reporting on multiple cells (Cell-Specific Reference Symbols)
< same tables as for periodic tests but with reporting on PUSCH and reports for both Pcell and Scell triggered with the same periodicity (the CSI request field of two bits set to reporting on both Pcell and Scell) >

9.6.3 Reporting on secondary cells (Cell-Specific and CSI Reference Symbols)

< the requirements for the Pcell are applicable to the Scell with the same conditions as on the Pcell (except the reporting period for Pcell for periodic tests and possibly the bandwidth), applies to all test using the PUCCH or PUSCH as the physical reporting channel with the exception of the ABS-related tests >

The requirements in clauses [the test cases with physical reporting on PUCCH and PUSCH except those for ABS] apply to the Scell with identical test configuration for the Scell. The performance for the Scell is determined from the throughput obtained on the Scell and the CSI report of the Scell for each reporting mode. For the periodic test cases with PUCCH as the physical reporting channel, the reporting period for the Pcell shall be modified to Npd = 160 ms, whereas for the aperiodic test cases, a CSI report is triggered for the Scell only. The bandwidths of the Pcell and Scell may be modified if 10 MHz is not contained in any bandwidth combination set of the E-UTRA CA configuration under test.
5 Conclusions

In this contribution we provide the simulation results indicating when SCell is using PMI information from PCell as a random order subband it’s possible to pass the TM4 test when intra-band CA is applied. So we propose to introduce new CSI requirement for Rel-10 CA. 
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