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1  Introduction
When carrier aggregation is configured, RAN1 decided to allow eNB to transmit more code bits than the UE can store in its soft buffer based on the number of soft channel bits defined in TS 36.306 [1]. UE behavior is specified as follows:
“UE first attempts decoding based on all received soft channel bits (and additionally for retransmissions, any stored soft channel bits) …” [1]
Because UE may not be able to store all received soft channel bits in the soft buffer, UE would need an instantaneous buffer to store the received soft bits for decoding and discard bits that cannot be stored in the soft buffer after decoding.

To make sure UE implements the instantaneous buffer properly, some papers were submitted in previous meetings on how to setup such a test [2 – 4]. In this contribution, we share our view on how to select test scenarios to verify UE’s implementation of the instantaneous buffer.
2  Discussion
As shown in [1], instantaneous buffers may be needed for UE categories from 1 to 7 when carrier aggregation is configured. Because RAN4 only define two DL CCs for Rel 10 the need for instantaneous buffer is limited to fewer UE categories. Ncb is defined as the soft buffer size that eNB assumes for UE to decode one code block [5]. An instantaneous buffer is needed when Ncb is larger than the actual soft buffer size available per code block at UE, denoted by Nsoft_cb. The available soft buffer size per code block can be determined by the following equation:
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where NIR is the soft buffer size per transport block for the single carrier case; C is the number of code blocks in a transport block; 
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 is the number of configured CCs. Table 1 shows the UE categories and one scenario (but not limited to) for each UE category that instantaneous buffer is needed.
	UE Category
	PRB per TB
	TBS
	C
	Ncb
	Nsoft_cb

	3
	50
	36696
	6
	12888
	6444

	4
	50
	36696
	6
	18528
	9516

	5
	100
	75376
	13
	17568
	8815

	6 & 7
	100
	75376
	13
	17568
	8784


Table 1: Some scenarios where instantaneous buffer is needed (2 CCs, 2 TB per CC)
In the existing FDD CA demodulation tests, some would require UE to use instantaneous buffer. In particular,
1. OL SM Test 1 with 2x10Mhz. In this case, category 3 UE needs instantaneous buffers because Ncb = 13152 and Nsoft_cb = 12888.
2. CL SM Test 2. Similarly, category 3 UE needs instantaneous buffers because Ncb = 13152 and Nsoft_cb = 12888.
3. Sustained data rate Test 6A. As shown in Table 1, category 6 and 7 UE needs instantaneous buffers because Ncb = 17568 and Nsoft_cb = 8784.
In the first two cases, the difference between Ncb and Nsoft_cb is small. The performance difference between using and without using instantaneous buffer should be small also. Therefore they are not suitable to test the implementation of instantaneous buffer. For case 3, the purpose is to test the maximal throughput at high SNR so some degradation in performance may not be visible either. It seems new tests are needed to ensure proper implementation of instantaneous buffers.

[2] and [3] proposes to use 2x10MHz, TM3, and 64QAM to test the category 3 UE instantaneous buffer. In [2], large performance difference is found between UE with and without instantaneous buffer. However high SNRs are required, making the test setup difficult. In [3], static channel is proposed to be used in the test to reduce the SNR value. However the performance difference between UE with and without instantaneous buffer shrinks to about 0.5 dB. In our opinion, 0.5 dB is not substantial enough to serve the purpose of this test. For instance, UE A can in general have better demodulation performance than UE B by 0.5 dB. Setting the requirement based on UE B performance may ensure UE B’s implementation of the instantaneous buffer, but UE A can still pass the test without the buffer.
One way to increase the performance gap is to use a fading channel like EVA as demonstrated in [2]. However MCS level needs to be reduced in order to keep operating SNR below 20 dB. We find that this issue can be solved by using 20 Mhz system bandwidth as shown in Table 2.
	ITBS
	TBS (100 PRB)
	C
	Cat. 3 UE
	Cat. 4 UE

	
	
	
	Ncb
	Nsoft_cb
	Ncb
	Nsoft_cb

	13
	25456
	5
	15465
	7732
	15456
	11419


Table 2

At ITBS = 13, Nsoft_cb is about a half of Ncb for Cat. 3 UE, implying significant performance difference should be seen at fading channels. The corresponding MCS is 16QAM 1/2. It is also noticed that this setup is the same as the existing OL SM demodulation Test 2. From recent study of OL SM demodulation Test 2 in RAN4, the SNR corresponding to 70% of maximal throughput should be much lower than 20 dB, making it a suitable test case for UE soft buffer management.  Further study is needed to determine test scenarios for other UE categories.
3 Conclusion

Proposal 1: A test or tests should be chosen such that significant performance difference can be observed between UE with and without instantaneous buffers.
Proposal 2:2x20 MHz and a fading channel like EVA should be used in the test scenarios in order to 1)  differentiate the UE performance with or without proper soft buffer management and 2) maintain reasonable test SNR. In terms of MCS, 16QAM ½ is a good choice for UE category 3. Other UE categories require further study.
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