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1. Introduction
At the RAN1#49 meeting, way forward of circular buffer based rate matching (RM) was agreed [1]. At the RAN1#49bis meeting, adoption of 2-stage RM was discussed [2][3][4] but it is still FFS. This contribution presents our views on the adoption of the 2-stage RM in LTE.
2. 1st stage RM with Circular Buffer based RM

2.1. 1st stage RM overviews
Soft buffer size in a UE has a large impact on the decoder circuit size. By adopting the 1st RM, the UE with limited amount of soft buffer size can enjoy higher transmission rates. So that, our preference is that the 1st stage RM should be adopted in LTE.
Figure 1 shows an illustration of the Circular Buffer based RM (CBRM) and the H-ARQ operation with 1st stage RM function. Detailed definition of each redundancy version (RV) is not discussed here. A code block containing interleaved systematic bits and interleaved/interlaced parity bits [1] will be truncated by the 1st RM if the allowable soft buffer size per process determined by the UE capability is less than the code block size. The truncated bits by the 1st RM are never sent even in the retransmission.
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Figure 1 - An example of 1st stage RM and H-ARQ process
2.2. Performance issue and proposal for improvement
One of the disadvantages of introducing the 1st stage RM is that the restriction of the circular buffer length in the 1st stage RM will degrade the performance due to the increased minimum coding rate.

In order to minimize the performance degradation, we further suggest to employing the occasional relaxation of this restriction. This means that full-length circular buffer can be used for the IR H-ARQ retransmission of a transport block. The transmitted bits outside of the circular buffer need not to be saved in the soft buffer at the receiver which results in no additional buffer increase.

We see that, for high coding rate, performance of the IR H-ARQ with this relaxation is superior to that of the Chase Combining H-ARQ. Additional complexity is not required for it. Redundancy versions should be designed to allow the relaxation.

Figure 2 shows an illustration of the proposed retransmission scheme. The 3rd transmission includes bits outside the circular buffer. This transmission can realize lower coding rate and will improve the decoding performance due to the improved coding gain, though received bits outside the soft buffer can not be soft-combined with the buffer and can not be stored in the buffer for the next retransmission.
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Figure 2 - An example of the proposed H-ARQ scheme.

2.3. Simulation results
We evaluated the downlink performances of the proposed IR-HARQ scheme and the conventional CC-HARQ and IR-HARQ schemes under multi-path fading (TU) channel. The simulation parameters are listed in Table 1. Table 2 shows the MCSs used in AMC.
Figure 3 shows the average BLER performance at each retransmission count of the conventional CC-HARQ and IR-HARQ schemes without the 1st stage RM. The information length of K=19440, fixed MCS of 64QAM and R=9/10 are used. It can be seen that the performance of IR-HARQ on the first retransmission is much better than that of CC-HARQ even at the second retransmission. This implies that IR-HARQ will be beneficial for such high coding rate cases without the 1st stage RM.
With the 1st stage RM, Figure 4 and 5, shows the throughput performances of the conventional IR-HARQ and the proposed IR-HARQ for 3km/h and 120km/h of TU fading propagation model, respectively. The simulations were carried out using real channel estimations. The size of the soft buffer is set to the maximum physical channel size (i.e. for 64QAM). All the 100 RBs are used for an assigned UE. Thus in the conventional H-ARQ scheme with the 1st stage RM, only CC can be used for 64QAM and IR can also be used for QPSK and 16QAM. For the proposed scheme, we use alternate transmissions between the normal IR retransmission and the retransmission with the buffer-constraint relaxation described above. Specifically, the relaxation is applied for the first and the following odd-numbered retransmission. The normal IR retransmission is applied for the second and the following even-numbered retransmissions. The maximum number of retransmission Nmax is 10 for all the evaluated schemes.
The throughput performance of the proposed IR is better than that of the conventional IR for high Es/N0 larger than 10 dB. For high Es/N0 cases, higher coding gain obtained by the buffer-constraint relaxation contributes to improve the performance while the conventional IR almost down to CC with lower coding gain. It can be seen that the performance gain of the proposed scheme at 120km/h is better than that at 3km/h especially for higher Es/N0.
Table 1 - Downlink Link level simulation assumptions.
	Bandwidth
	20MHz

	Number of sub-carriers
	1200

	Sub-frame length(TTI)
	1.0 ms

	Number of OFDM symbols per sub-frame (1.0ms)
	14 (12 OFDM symbol for data)

	Number of Resource blocks
	100 (1200 sub-carriers)

	Number of available bits for data

(size of physical channel)
	6900 for QPSK, 13800 for 16QAM,  20700 for 64QAM

	Soft Buffer size
	20700

	Modulation
	QPSK, 16QAM, 64QAM

	Channel estimation
	ideal, real

	Rx antenna
	2

	Decoding
	Max-Log-MAP (iteration=8)

	Scaling factor (for extrinsic information)
	0.75

	H-ARQ scheme
	CC, IR

	Round Trip delay
	6 TTI

	AMC control delay 
	5 TTI

	Channel Model
	TU

	UE Speed of interest
	3km/h (fD=5.6Hz), 120km/h (fD=222.2Hz)


Table 2 - The MCS Table for AMC
	MCS No.
	Modulation
	Coding rate

	0
	QPSK
	1/3

	1
	QPSK
	1/2

	2
	QPSK
	2/3

	3
	16QAM
	1/2

	4
	16QAM
	2/3

	5
	16QAM
	4/5

	6
	64QAM
	2/3

	7
	64QAM
	4/5

	8
	64QAM
	9/10
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Figure 3 – BLER performances for MCS=8 (TU, 120km/s, BW=5MHz, Ideal Channel Estimation).
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Figure 4 – Throughput performances (TU, 3km/s, BW=20MHz, Real Channel Estimation).
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Figure 5 – Throughput performances (TU, 120km/s, BW=20MHz, Real Channel Estimation).

3. Conclusion
We suggested to adopt the 1st stage RM process in the H-ARQ functionality for the reduction of the soft buffer size for accommodating wide range of the UE capabilities and also proposed the modified IR schemes for H-ARQ with the 1st RM. The proposed scheme uses occasional relaxation of buffer restriction. This means that full-length circular buffer can be used for the IR H-ARQ retransmission of a transport block. We showed the proposed IR-HARQ scheme can improve the throughput performance against the conventional IR/CC schemes for high coding rate cases.
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