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1 Introduction

During the RAN1 #83 meeting, the following was agreed regarding the total number of soft channel bits for Rel-13 eMTC UEs [1]:
· Total number of soft channel bits is 25344 for Rel-13 eMTC UE
· Note that this does not have any intended implication on the UE category discussion.
The above number of soft channel bits is derived assuming the use of Full Buffer Rate Matching (FBRM) for channel encoding/decoding. The size of the UE’s soft buffer is one of the factors that directly impact the cost of the device and in this regard, the support of Limited Buffer Rate Matching (LBRM) was proposed to reduce the requirement by half. During the RAN1 #83 meeting, there were some concerns expressed on the performance impact of LBRM and due to lack of time, the discussion at RAN1 #83 was limited and it was agreed to consider FBRM and a total of 25344 soft channel bits for Rel-13 eMTC UEs. 
However, reduction of the total number of soft channel bits can be seen as one of the key cost/complexity reduction mechanisms for Rel-13 eMTC UEs and there are negligible (if any) performance impacts from the support of LBRM for eMTC UEs. In this contribution, we share our views on the total number of soft channel bits for Rel-13 eMTC UEs and on the support of LBRM for Rel-13 eMTC UEs. 

2 Total number of soft channel bits and LBRM
2.1 Total number of soft channel bits for Rel-13 eMTC UEs

RAN1 agreed on the maximum TBS of 1000 bits for broadcast transmissions, and 1000 bits for unicast transmission, similarly to Rel-12 category 0 UE, although these Rel-13 LC UEs do no need to support simultaneous reception of multiple unicast/unicast, unicast/broadcast, or broadcast/broadcast transport blocks. 

The total number of soft channel bits is calculated as follows for low cost MTC UE assuming maximum 1000 TBS, FBRM, and 8 DL HARQ process (as agreed for Rel-13 eMTC UEs in CE Mode A for FDD [1]):

Total soft channel bits: R*(1/mother coding rate)*C*(max HARQ processes) = 1056*3*1*8=25344, 

where:

· Max TB per TTI: 1000 bits

· TB size per codeword (B): 1000

· Number of codeblocks (C): Ceil{(B+24)/(6144-24)}=1

· TB size together with CRC (B’): (B+24)=1024

· Number of encoded bits per output stream (D): B’+4=1028

· Sub-block interleave size (R): Ceil{D/32}*32=1056.
With Limited Buffer Rate Matching (LBRM), the rate matching procedure is such that the storage requirements are reduced by enforcing an earlier wrap-around of the virtual circular buffer, and accordingly, the redundancy version (RV) locations are compressed to ensure all 4 RVs can be fitted within the wrap-around period.
If LBRM is employed as defined for Cat. 3, 4 and 5 UEs, i.e., with a maximum effective mother code rate of 2/3, then the total number of soft channel bits can be reduced to 50% of the above value, i.e. to 12672 soft channel bits. 

Observation 1:

· If Limited Buffer Rate Matching (LBRM) is employed, then the total number of soft channel bits can be reduced by 50% of the Cat. 0 UE’s soft buffer requirements to 12672 soft channel bits, thereby enabling significant savings in terms of cost and complexity for the UE implementation.
2.2 Performance comparison between FBRM and LBRM

In Rel-8 LTE, LBRM was introduced for UE categories 3, 4, and 5. In principle, there is no performance loss between LBRM and FBRM: 

· when TBS is equal to or smaller than (TBS_max/2), or 

· when the UE is operating around SNR point [2], [3], or

· when the effective coding rate is equal to or greater than (2*TBS)/(3*TBS_max) – with CC (Chase Combining) or for initial transmission only with IR (Incremental Redundancy) 

In Figures 1 and 2, we present evaluation results in terms of initial transmission BLER and normalized throughput performance between FBRM and LBRM for QPSK and 16QAM modulation schemes, respectively. In the simulations, two TBS sizes are considered: 500 and 1000 bits, which correspond to effective coding rates of 1/3 and 2/3, respectively, for the assumed resource size of 6 PRBs. 
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Figure 1. Performance comparison between FBRM and LBRM: QPSK
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Figure 2. Performance comparison between FBRM and LBRM: 16QAM
From the above figures it can be clearly seen that there is practically no performance difference in terms of initial transmission BLER between LBRM and FBRM. In addition, as expected, when considering the operating SNR points (assuming 10% BLER in the left plots), no performance degradation is observed for LBRM in terms of normalized throughput. Given that typical systems are expected to operate at around 10% initial BLER operating point, it is clear that adoption of LBRM would not lead to any perceptible throughput performance degradation.
Observation 2:

· With Limited Buffer Rate Matching (LBRM), there is almost no performance degradation in terms of initial transmission BLER or normalized throughput when operating at target SNR corresponding to 10% initial BLER.

Even if repeated transmissions are considered as expected for Rel-13 eMTC UEs, given the predominantly small data packets relevant for eMTC (<< tbs_max = 1000 bits), any throughput degradation when operating at actual SINR lower than the operating point for 10% initial transmission BLER for single transmission can be expected to be limited.
Based on the above analysis we propose the following:
Proposal 1:
· The total number of soft channel bits for Rel-13 eMTC UEs is 12672 based on the assumption of Limited Buffer Rate Matching (LBRM).
3 Conclusion

In this contribution, we provided our views on the total number of soft channel bits for Rel-13 eMTC UEs and on the support of LBRM for Rel-13 eMTC UEs. Based on the discussion presented, we summarize our views through the following observations and proposal:
Observation 1:

· If Limited Buffer Rate Matching (LBRM) is employed, then the total number of soft channel bits can be reduced by 50% of the Cat. 0 UE’s soft buffer requirements to 12672 soft channel bits, thereby enabling significant savings in terms of cost and complexity reduction for the UE implementation.

Observation 2:

· With Limited Buffer Rate Matching (LBRM), there is almost no performance degradation in terms of initial transmission BLER or normalized throughput when operating at target SNR corresponding to 10% initial BLER.

Proposal 1:
· The total number of soft channel bits for Rel-13 eMTC UEs is 12672 based on the assumption of Limited Buffer Rate Matching (LBRM).
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