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1. Introduction
In [1] demodulation test cases were defined for carrier aggregation that do not take soft buffer limitations into account. The test conditions are specified in [2]. It was left for further discussion whether additional test cases are needed once RAN1 has defined how soft buffer limitations in the UE are handled. 

In this contribution we share our view on the test cases in case of soft buffer limitation. 
2. Discussion
According to the RAN1 decision on soft buffer handling [3] it can happen when multiple component carriers are configured and a larger transport block size is scheduled that the eNB transmits more code bits than the UE can store in its soft buffer. The UE behaviour how to store soft channel bits is specified in TS 36.213, which is based on the following principle:
· The UE first attempts to decode based on all received soft channel bits
· In case of decoding failure, the UE may discard some soft channel bits but shall store at least the received soft channel bits in the specified range, assuming a circular buffer, starting from non-zero soft channel bits
· In storing the soft channel bits, the UE should prioritize the received soft channel bits with lower index corresponding to the bits in the circular buffer
In case that the soft buffer size in the UE is limited and soft channel bits are discarded, demodulation performance is degraded.  

The demodulation test cases for carrier aggregation are defined in [2]. For 20 MHz the test cases were preliminarily defined for UE categories 5 – 8 only since soft buffer handling was not yet decided by RAN1 when the test cases were defined. In case no soft buffer limitation occurs for the defined test cases for UE categories 3 and 4 than these tests should be extended to categories 3 and 4 as well.
UE categories 3 and 4 have a soft buffer of 1237248 soft bits and 1827072 soft bits according to TS 36.306, respectively. For two component carriers this leaves 77328 soft bits for category 3 and 114192 soft bits for category per HARQ process and cell for SIMO in case of FDD. For MIMO the number of soft bits is further split up which results in  38664 and 57096 soft bits per HARQ process and component carrier for categories 3 and 4 in case of FDD. 

In [2] a test for FDD SIMO, TM1 has been introduced for 2x20 MHz using QPSK-1/3 and a transport block size of 8760 bits. The number of encoded bits for this transport block size is below the number of available soft bits per HARQ process and component carrier. Therefore for this test no soft buffer limitation occurs. Consequently, this test should also be verified for UE categories 3 and 4. The FDD MIMO test case for 2x20 MHz applies 16QAM-1/2 with a transport block size of 25456 bits. In this case the memory size is not sufficient to store all soft bits. Therefore the same requirement cannot be used for categories 3 and 4 as for 5 – 8. 
Proposal 1: The FDD SIMO test case for 2x20 MHz introduced in [2] should be extended to UE categories 3 and 4 since no soft buffer limitation occurs.
Since soft buffer limitation of UE categories 3 and 4 impacts performance both in 2x10 MHz and 2x20 MHz deployments if the data rate is sufficiently large, a demodulation test case should be introduced to verify correct UE behavior. 
For the existing FDD TM3 test in 2x20 MHz as defined in [2] it has been shown above that the available soft buffer size per HARQ process and component carrier is 38664 soft bits for UE category 3 yielding to a coding rate of roughly R = 25456/38664 ( 2/3 caused by soft buffer limitation. Therefore a performance degradation of roughly 10(log10(4/3) = 1.25 dB can be expected due to soft buffer limitation.

The existing FDD TM3 rank 2 test applies 16QAM with coding rate R = 1/2. In [4] it was shown that instantaneous buffering does not provide performance benefits in 2x10 MHz for this modulation and coding scheme. In 2x10 MHz 26400 channel bits per subframe and carrier for TM3 with 16QAM are available which is below the soft buffer size per component carrier. Therefore TM3 16QAM-1/2 performance is not degraded by soft buffer limitation in 2x10 MHz. As an alternative it is proposed in [4] to test soft buffer limitation in 2x10 MHz with 64QAM-3/4. In [5] TM1 was proposed for a soft buffer limitation test in order to achieve a practical SNR requirement of less than 20 dB. This proposal should be taken into account in the definition of the test case since it is indeed difficult to achieve SNR values above 20 dB in a real scenario. 
The disadvantage of both proposals is that dual layer transmission for categories 3 and 4 in a 2x20 MHz deployment would not be tested. Therefore it is preferred to define a test case for TM3 rank 2 to extend the existing 2x20 MHz tests to categories 3 and 4. Based on the analysis above, 16QAM-1/2 can be applied. If this modulation and coding scheme does not allow clear differentiation in performance, 64QAM-3/4 could be applied.
Proposal 2: A demodulation test should be introduced for UE categories 3 and 4 applying TM3 rank 2 in 2x20 MHz to test performance in case of soft buffer limitation. The modulation and coding scheme should either be 16QAM-1/2 or 64QAM-3/4.
The concept of instantaneous buffering allows that all available bits are used in the decoding process. In case of retransmissions it also requires that the new soft bits are combined with those soft bits that are already stored in the buffer. Since the codeword length and the buffer size is different, only a subset of all soft bits is combined. The handling of the memory, i.e. which soft bits are stored in the limited soft buffer is not fully specified in TS 36.213 but it is UE implementation specific. Therefore the soft buffer management of different UE implementations can cause further performance differences and should be covered in a demodulation test. 
Proposal 3: The soft buffer limitation test should verify the soft management. Availability of a good soft buffer management should be tested by defining the sequence of redundancy versions suitably. 
In [4] it has been shown that instantaneous buffering provides performance gains for TM 3 rank 2 with 64QAM-3/4. The performance differences become larger for smaller SNR values since more HARQ transmissions are required. Based on the results provided in [4] it seems that 30% of the peak throughput could be a suitable verification point. 

Proposal 4: The SNR requirement could be defined for 30% of peak throughput if the 70% throughput ratio does not allow sufficient performance differentiation.
3. Conclusion 

In this contributions the following proposals have been made:
Proposal 1: The FDD SIMO test case for 2x20 MHz introduced in [2] should be extended to UE categories 3 and 4 since no soft buffer limitation occurs.
Proposal 2: A demodulation test should be introduced for UE categories 3 and 4 applying TM3 rank 2 in 2x20 MHz to test performance in case of soft buffer limitation. The modulation and coding scheme should be either 16QAM-1/2 or 64QAM-3/4.

Proposal 3: The soft buffer limitation test should verify the soft management. Availability of a good soft buffer management should be tested by defining the sequence of redundancy versions suitably. 

Proposal 4: The SNR requirement could be defined for 30% of peak throughput if the 70% throughput ratio does not allow sufficient performance differentiation.
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