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1. Introduction
A further way forward on CA demodulation requirements was agreed in the RAN4#58 meeting [1], capturing e.g. the agreements on frequency error modeling and the framework for the actual test cases. Some details were however left to be discussed in the next meeting:
· 
Test equipment tolerances for the maximum relative frequency error (neglecting the phase noise) between the two component carriers.
· 
Applicable UE categories.
· 
Details of the dual-layer MIMO tests: transmission mode, number of TX antenna ports, feedback details, and channel model.
· 
Details of the sustained data rate test.
In the present contribution we provide our views on the above aspects. A draft CR introducing the CA requirements for FDD mode can be found in [2]. 
2. Maximum frequency error 
The frequency error in the test equipment should be limited to a level that implies no significant loss in terms of the UE decoding performance, hence enabling a scalability of the requirements. On the other hand some allowance has to be made for the TE implementation constraints as to ensure that the requirements are testable. In the present contribution we focus on the first aspect while feedback from TE vendors would be needed to address the latter one.
The most sensitive test case against the frequency error will be the sustained data rate test, as can be seen e.g. from the simulation results provided in [2]. It would seem hence sensible to determine the maximum allowed frequency error based on this test case. 
Figure 1 below shows the impact of the frequency error {0, 5, 10, 15, 20} Hz on the decoding performance of category 4 UEs. The simulations are carried out as specified for Test 4 in TS 36.101 section 8.7.1. No RF related UE impairments are included in the simulations.
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Figure 1 – Impact of the frequency error in sustained data rate test 4
The performance loss at 85% relative throughput is summarized in Table 4 below for different levels of frequency error:
Table 1 – Performance loss at 85 % relative throughput
	Frequency error
	SNR at 85 % of the maximum throughput
	Loss due to frequency error

	0 Hz
	21.00 dB
	-

	5 Hz
	21.07 dB
	0.07 dB

	10 Hz
	21.20 dB
	0.20 dB

	15 Hz
	21.39 dB
	0.39 dB

	20 Hz
	21.74 dB
	0.74 dB


Based on the above results, the frequency error could be limited to 10 Hz, implying 0.2 dB performance loss in the worst case scenario. 
3. Applicable UE categories
As agreed in the RAN4#57, the UE categories 1 and 2 will be not covered by the initial CA demodulation requirements. The remaining question would be then the applicability of the agreed test cases to UE categories 3-8. 

The main criteria for the selection of the applicable UE categories would be the scalability of the requirements with regard to possible soft buffer limitation. In particular, the eNB will discard some of the encoded bits before the rate matching given the circular buffer length Kw exceeds the soft buffer size for the given code block. The number of bits after discarding is given by 
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The total number of soft channel bits is given by
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as defined in [5]. So far there is no agreement in RAN1 whether “overbooking” (i.e. f >1) would be allowed for some UE categories or not. The impact of the limited buffer rate matching on the agreed CA scenarios is analyzed in Tables 1-3 below, covering overbooking factors 1.0, 1.5, and 2.0:
Table 2 – Impact of the limited buffer rate matching on CA demodulation test cases (f=1.0)
	test
	UE cat
	MCS
	modulation & coding
	Kw
	Ncb
	E
	discard
	perf. loss

	SIMO 10+10 MHz
	3
	5
	QPSK 1/3
	13344
	13344
	13800
	no
	no

	SIMO 20+20 MHz
	3
	5
	QPSK 1/3
	13344
	13344
	13800
	no
	no

	MIMO 10+10 MHz
	3
	13
	16QAM 1/2
	13152
	12888
	8800
	yes
	no

	MIMO 20+20 MHz
	3
	13
	16QAM 1/2
	15456
	7732
	10560
	yes
	yes

	MIMO 20+20 MHz
	4
	13
	16QAM 1/2
	15456
	11419
	10560
	yes
	no


Table 3 – Impact of the limited buffer rate matching on CA demodulation test cases (f=1.5)
	test
	UE cat
	MCS
	modulation & coding
	Kw
	Ncb
	E
	discard
	perf loss

	SIMO 10+10 MHz
	3
	5
	QPSK 1/3
	13344
	13344
	13800
	no
	no

	SIMO 20+20 MHz
	3
	5
	QPSK 1/3
	13344
	13344
	13800
	no
	no

	MIMO 10+10 MHz
	3
	13
	16QAM 1/2
	13152
	13152
	8800
	no
	no

	MIMO 20+20 MHz
	3
	13
	16QAM 1/2
	15456
	11599
	10560
	yes
	yes

	MIMO 20+20 MHz
	4
	13
	16QAM 1/2
	15456
	15456
	10560
	no
	no


Table 4 – Impact of the limited buffer rate matching on CA demodulation test cases (f=2.0)
	test
	UE cat
	MCS
	modulation & coding
	Kw
	Ncb
	E
	discard
	perf loss

	SIMO 10+10 MHz
	3
	5
	QPSK 1/3
	13344
	13344
	13800
	no
	no

	SIMO 20+20 MHz
	3
	5
	QPSK 1/3
	13344
	13344
	13800
	no
	no

	MIMO 10+10 MHz
	3
	13
	16QAM 1/2
	13152
	13152
	8800
	no
	no

	MIMO 20+20 MHz
	3
	13
	16QAM 1/2
	15456
	15456
	10560
	no
	no

	MIMO 20+20 MHz
	4
	13
	16QAM 1/2
	15456
	15456
	10560
	no
	no


As can be seen, some soft bits need to be discarded in the MIMO tests for the overbooking factors 1.0 and 1.5. It should be however noted that the UE’s performance is not impacted (compared to the full overbooking) if the code block length after discarding (Ncb) is smaller than the rate matching output sequence length (E). Hence only the MIMO 20+20 is impacted if either f=1.0 or f=1.5 will be adopted by RAN1. 
On the other hand, it is not very clear whether the 20+20 MHz aggregation is a practical configuration for the UE categories 3 and 4, as the maximum data rate would be essentially limited by the UE category. A 10+10 MHz aggregation would be a more realistic setup for those UE categories.
Consequently, the decision needs to be made between the following options, assuming that either f=1.0 or f=1.5 will be adopted in RAN1:

Option 1: MIMO 20+20 test will be applicable to UE categories 4-8 while SIMO 10+10/20+20 and MIMO 10+10 tests will be applicable to UE categories 3-8.

Option 2: SIMO and MIMO 20+20 MHz tests will be applicable to UE categories 5-8 while SIMO and MIMO 10+10 MHz tests will be applicable to UE categories 3-8.
Our slight preference would be Option 2, however Option 1 could be adopted if it is seen as a practical configuration.
4. Details of the dual-layer MIMO tests 
The following test cases were adopted in RAN4#58 meeting for the verification of the UE’s dual-layer performance [1], the open aspects being highlighted in yellow:
	Test 
	Channel BW 
	MCS 
	Propagation Condition 
	Correlation Matrix and Antenna Configuration 
	Reference value 
	Applicable UE categories/capabilities 

	
	
	
	
	
	Fraction of Maximum Throughput 
	SNR (dB) 
	UE Cat 
	MIMO
capability
(1) 
	CA
capability
(2) 

	1 
	2x10 MHz 
	16QAM-1/2 
	[EPA5 or EVA5] 
	TBDx2 Low 
	70 % 
	TBD 
	3-8 
	2 or 4 layers 
	xA-yA, xB

	2 
	2x20 MHz 
	16QAM-1/2 
	[EPA5 or EVA5] 
	TBDx2 Low 
	70 % 
	TBD 
	TBD 
	2 or 4 layers 
	xA-yA, xC 

	(1) signaled per band for UE categories 6-8     (2) x=band1, y=band2 


Propagation condition: Our slight preference would be EPA5. Note that the UE’s performance for EVA5 channel would be still verified for the single antenna port and low MCS, resembling typical cell-edge conditions. It should be also noted that the choice would be aligned with the existing dual-layer MIMO requirements, where EPA5 is typically assumed in the test cases comprising a moderate/high MCS.
Number of TX antenna ports and transmission mode: As discussed in the previous meeting, TM3 is motivated by the fact that it is widely used in the early deployments of LTE. As another merit, there would be no performance loss due to PMI reporting,  although it seems that a bundling-free feedback would be possible for TM4 as well. Note that the PMI feedback for two component carriers can be verified as part of a dedicated CSI test, hence covering TM4 as a side product. In case TM3 will be adopted for the dual-layer MIMO tests, it would be most sensible to assume two TX antennas, as four antennas would motivate the use of TM4 due to additional precoding gain. Note that the 2x2 configuration provides virtually no precoding gain in TM4, as seen in earlier studies.
5. Details of the sustained data rate tests 
The maximum processing capability of category 6 and 7 UEs could be verified by a similar test as for the Cat 4 UEs, e.g. assuming 20 MHz channel bandwidth per CC, 2x2 antenna configuration, and TM3:

	Test
	UE Category
	CA capability (see [2] for definitions)
	Number of bits of a DL-SCH transport block received within a TTI
	Measurement channel
	Reference value

	1
	Category 1
	any
	10296
	R31-1 FDD
	95

	2
	Category 2
	any
	25456
	R31-2 FDD
	95

	3
	Category 3
	any
	51024
	R31-3 FDD
	95

	3A
	Category 3
	any
	36696
	R31-3A FDD
	85

	4
	Category 4
	any
	75376
	R31-4 FDD
	85

	5
	Category 5
	FFS
	FFS
	FFS
	FFS

	6
	Category 6 and 7
	A,B
	75376
	R31-4 FDD
	85

	7
	Category 6 and 7
	A-A,C
	75376
	R31-4 FDD
	TBD


The additional Test-6 is needed to cover the cat 6 and 7 UEs that do not support 20+20 MHz aggregation. The maximum processing capability of those terminals would be verified by the same 20 MHz test as for cat 4. Note that some further studies will be needed to assess whether the reference value of 85 % can be adopted for test 7, or whether some additional margin would be needed to account CA specific impairments.
A detailed proposal for the test setup can be found in [2].
6. Conclusions

Our main proposals for the finalization of the CA demodulation framework are summarized below:
Proposal 1: The frequency error in test equipment will be limited to 10 Hz, however subject to feedback from TE vendors.
Proposal 2: The 10+10 MHz test cases will be applicable to UE categories 3-8.
Proposal 3: The 20+20 MHz test cases will be applicable to UE categories 5-8.
Proposal 4: MIMO tests will be carried out assuming TM3, 2x2 antenna configuration, and EPA5 channel.
A draft CR introducing the CA downlink requirements for FDD mode is provided in [2]. 
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