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Introduction
In last GERAN#66 meeting, the high level principle for converged solution of NB OFDMA and NB M2M was presented [1] and details were presented in teleconference. According to converged solution, OFDMA and FDMA were adopted for downlink and uplink multiple access, respectively [1]. In addition, tail biting convolutional coding (TBCC) and turbo coding were also adopted as downlink and uplink channel coding. The rate matching of downlink and uplink were same as that of NB OFDMA downlink and that of NB M2M uplink, respectively. 
In this contribution, we discuss several aspects related to channel coding and rate matching.

Several aspects related to channel coding and rate matching 
2.1 	Rate matching
In uplink, same channel coding and rate matching as those of LTE were adopted in the converged solution [3]. On the other hand, same channel coding and interleaving as those of LTE were adopted in the converged solution, but rate matching is different from that of LTE. Figure 1 shows the block diagram of channel coding and rate matching for the converged solution and LTE [4]. Same TBCC encoder and sub-block interleaver are used in both the converged solution and LTE. However, puncturing block before interleaving in the converged solution is inserted for each parity bit stream in the converged solution. For example, the puncturing patterns are defined to obtain other coding rates as shown in Table 1. On the other hand, LTE rate matching algorithm, so called circular buffer rate matching (CBRM), may be considered. This CBRM algorithm has advantages in flexibility to achieve various code rates. CBRM may give different puncturing patterns for some code rates from that of the converged solution. If HARQ functionality (e.g., soft combining) is supported in the converged solution, we can simply obtain different redundancy versions as in LTE [4]. 

[image: ]
(a) Channel coding and rate matching in the converged solution


(b)-1 Channel coding in LTE


(b)-2 Rate matching in LTE
Figure 1 Channel coding and rate matching: (a) Converged solution, and (b)-1 Channel coding in LTE and (b)-2 Rate matching in LTE.

Table 1 Puncturing patterns to obtain other coding rates.
	Rate\Parity Stream
	0
	1
	2

	1/2
	[1]
	[1]
	[0]

	2/3
	[1,1]
	[1, 0]
	[0,0]

	3/4
	[1,0,0]
	[0,1,1]
	[1,0,0]



2.2 	HARQ combining
It is unclear whether HARQ combining would be supported or not in the merged solution. The benefit of HARQ combining is very clear. Therefore, it is supported in many radio access technologies (e.g., HSPA and LTE). Although ultra low complexity is an important objective in this study, the required complexity increase to support HARQ combining would be just to have soft buffer memory corresponding to maximum CBS assuming single HARQ process. It may be beneficial to support HARQ combining in both downlink and uplink with small complexity increase.

2.3 	ACK/NACK feedback with respect to downlink transmission
[bookmark: _GoBack]Although physical channel to transmit ACK/NACK feedback to the downlink PDSCH is not determined yet, we assume PUSCH to be used for ACK/NACK feedback as in NB M2M proposal [2]. According to [2], ACK/NACK feedback would be transmitted in the form of MAC PDU. Then, if UE has data to transmit in uplink, ACK/NACK feedback would be jointly encoded with UE payload. Generally, the error requirement of ACK/NACK may be much higher than that of UE payload.  This is because NACK-to-ACK error will result in higher layer retransmission and give bad impact in terms of latency. Hence, if ACK/NACK would be transmitted in the form of MAC PDU, we should consider this aspect. For example, separate coding for ACK/NACK and payload can be considered.
According to NB M2M proposal [2], V(S) and V(R) are introduced for management of data transmission and retransmission. V(S) value is changed only when new transmission is occurred, which is the same functionality of new data indicator (NDI) in LTE [4]. V(R) value is changed only when V(R) value is equal to V(S) value. Since V(R) value would be set whether decoding is successful or not, it can be replaced with ACK/NACK in LTE [4]. We can consider another possibility to handle the procedure of transmission and retransmission.

Conclusions
We discuss the several aspects of channel coding and rate matching. We have following consideration points:
· CBRM should be considered as a rate matching possibility.
· HARQ combining should be supported.
· Different error requirement between ACK/NACK and UE payload can be considered assuming ACK/NACK is transmitted in the form of MAC PDU on PUSCH.
· Another possibility to handle procedure of transmission and retransmission should be considered.
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