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1 Introduction

According to the SID for Rel-14 FeMTC UE [1], one of the objectives to be specified for VoLTE enhancement for BL/CE UEs is as follows:
	VoLTE enhancements [RAN1, RAN2]

· From RAN#73: Based on outcome from VoLTE study item


It is motivated to support certain types of devices/use cases, such as voice capable wearable devices, which is not covered by Rel-13 eMTC requirements.
In this contribution, we discuss several aspects to enhance VoLTE for Rel-14 FeMTC UE such as TBS increasing and SPS transmission in multiple narrowbands.
2 Discussion
In study item on enhancement of VoLTE [2], it is under study to support different codec types including AMR, EVS and video in both downlink and uplink to enable. For example, AMR-WB requires a TBS of up to 2000 bits for voice packets with uncompressed IP headers [3]. 
Rel-13 eMTC UEs in CE Mode A support SPS transmission, and VoLTE enhancement of FeMTC also should target UEs in CE Mode A. To support enhanced VoLTE service in FeMTC, TB size increasing compared to Rel-13 eMTC and SPS transmission enhancement needs to be investigated.
Proposal 1: VoLTE enhancement in FeMTC targets UEs in CE Mode A.

2.1 Transport block size increasing
To increase throughput of SPS transmission, SPS period can be shortened or more data per SPS transmission can be transmitted. 
The maximum TB size supported by Rel-13 eMTC is ~1000 bits. To support higher TB size within 6 PRB narrowband, higher modulation order such as 16 QAM and 64 QAM needs to be supported. However, supporting high modulation order to low-cost MTC UEs seems inappropriate. Instead, transport block mapping in multiple subframes adopted in NB-IoT can be considered for FeMTC SPS transmission. If this scheme is used, one TB is mapped in multiple subframes (i.e., subframe resource unit), so data with enlarged TB size can be mapped enough as depicted in Figure 1. If necessary, subframe resource unit level repetitions can be applied for coverage enhancement.
Proposal 2: Consider to apply TB mapping on multiple subframes for FeMTC SPS transmission.
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Figure 1. SPS PDSCH transmission using (a) subframe and (b) subframe resource unit
2.2 SPS transmission in extended/aggregated narrowband
In our companion contribution [4], narrowband extension and narrowband aggregation scheme are discussed to support higher data rates and these proposals also can be supported for SPS transmission. In this sub-section, further discussion on SPS transmission using extended/aggregated narrowband is provided.
· Multiple SPS configuration

As the first approach to increase throughput performance for SPS transmission, multiple SPS data can be scheduled using different narrowbands. For example, SPS activation/release can be configured per narrowband, so more than one SPS transmission can be operated individually per UE. On the other hand, in case of extended narrowband, a single SPS configuration can be considered to increase throughput performance for SPS transmission by allocating more PRBs. 
· Single SPS configuration
For the other approach, single SPS can be configured but multiple narrowbands/PRB-sets can be used to avoid possible collision issues. 
If the configured repetition number is larger than SPS period, resources for two adjacent SPS transmission can be collided, so SPS data cannot be transmitted using consecutive SPS periods. In current eMTC specification, when the configured SPS period is 10 or 20 msec, PDSCH/PUSCH repetition number can be larger than SPS period in CE Mode A (e.g., repetition number 16 and 32). However, transmission of data with a repetition number larger than SPS period can be necessary to acquire both of throughput and coverage performance. Even if larger SPS period is configured, this problem can be occurred if repetitions are postponed in invalid subframes. To transit SPS data without this problem, narrowband for SPS transmission can be switched depending on associated SPS period index. An example of SPS transmission narrowband switching using two narrowbands is illustrated in Figure 2.

Even if repetition number of data is not larger than SPS period, SPS transmission can be disturbed if SPS retransmission or other data transmission is scheduled dynamically. This situation can be improved if narrowband/PRB resource for SPS transmission and dynamically scheduled data transmission are separated. For example, a UE can monitor MPDCCH in different narrowband with SPS narrowband and MPDCCH schedules data avoiding SPS narrowband.

Proposal 3: SPS transmission using multiple narrowbands/extended narrowband is further investigated.
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Figure 2. An example of SPS transmission using multiple narrowbands
3 Conclusion 

In this contribution, we discussed about the schemes to enhance VoLTE for FeMTC UEs. Based on the discussion, we obtained following proposals.
Proposal 1: VoLTE enhancement in FeMTC targets UEs in CE Mode A.

Proposal 2: Consider to apply TB mapping on multiple subframes for FeMTC SPS transmission.
Proposal 3: SPS transmission using multiple narrowbands/extended narrowband is further investigated.
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