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1 Introduction
In RAN#73 plenary meeting, the revised WID for further enhanced MTC was agreed, and the following is one of the objectives [1]: 
VoLTE enhancements [RAN1, RAN2]

· Increase VoLTE coverage for half-duplex FDD/TDD through techniques to reduce DL repetitions, new repetition factors, and adjusted scheduling delays.

In this contribution, we discuss some considerations for related issues for VoLTE enhancement.
2 Discussions
 In RAN1 #86bis, the following agreement was reached and gave the focus of the improvements [2]:
· RAN1 design will assume delay budget relaxation for UL voice packets 

· Prioritize consideration of the following in VoLTE enhancements in FeMTC for BL/CE UE considering overall system impacts:

· New number(s) of repetitions for PUSCH

· Adjusted scheduling relationships between physical channels

· SRS coverage enhancement
· Discontinuous PUSCH transmission
· SPS and non-SPS cases should both be considered

· Ask RAN2+RAN4: What can be assumed regarding need for intra- and inter-frequency measurement gaps, in synchronized and non-synchronized networks

· Ask RAN2: For feedback on what delay budget relaxation can be assumed

2.1 Introduction of additional repetition number
For HD-FDD, DL and UL transmissions share the resource in an inter-transmission interval by TDM. For Rel-13 eMTC CE Mode A, the repetition of PUSCH support {1,2,4,8,16,32} number of transmission. Base on the above numbers, the resource for UL transmission cannot be maximized. For example, when inter-transmission interval is 40ms, 8ms is used in DL transmission, and 2ms is used as switch time. In this case, the maximum number of repetitions that can be used for UL transmission is 30. However, 30 is not a supported repetition number in the current spec. Therefore, new repetition number need to be introduced for VoLTE.

The following options can be considered to maximize resource utilization:
· Option 1：Introduce enough additional number of repetition and increase the maximum repetition number so the indication of repetition will be more flexible.
· Option 2：Support UE to transmit based on maximum allowable repetition number (as shown in Figure 1, the maximum allowable repetition number is 23 for UL). For example, the maximum allowable repetition number could be one fixed state in the repetition set, or the default fallback transmission number when the configured number of transmission is larger than the maximum possible repetition times.
Option 2 makes it possible to utilize all the available uplink transmission resource in the inter-transmission interval. However, the terminal needs to know the maximum allowable repetition number for the inter-transmission interval. This information can be configured via RRC before DL/UL transmission, or, in the case of SPS scheduling, the scheduling interval will be the default inter-transmission interval.
Proposal 1:  Support maximum allowable repetition time within the inter-transmission interval. 
2.2 Introduction of new scheduling timing relationship
Another related issue is the inefficient UL/DL timing relationship. Since for Rel-13 eMTC, the MPDCCH search space interval is decided by G and Rmax. Where G’s value is from {1, 1.5, 2, 2.5, 4, 5, 8, 10}, and Rmax value is {1, 2, 4, 8, 16, 32, 64, 128, 256}. Considering in CE mode A, Rmax usually is not more than 8, therefore the possible MPDCCH search space interval is in the following table:

Table 1 The possible MPDCCH search space interval

	Rmax
	G* Rmax

	1
	{1, 2, 4, 5, 8, 10}

	2
	{2, 3, 4, 5, 8, 10, 16, 20}

	4
	{4, 6, 8, 10, 16, 20, 32, 40}

	8
	{8, 12, 16, 20, 32, 40, 64, 80}


Specifically, the following two scenarios can be considered:
· Scenario 1: The two DCIs for DL scheduling and UL grant are in the different search spaces. In this case, the MPDCCH search space intervals shown in Table 1 will have impact on the resource for UL transmission. For example, as can be seen from Figure 1, to maximize UL coverage, the distance between the two search spaces for DL scheduling and UL grant should be 11, however 11 is not included in the table above. So new MPDCCH search space starting subframe may need to be considered, e.g., the start of MPDCCH search space for UL grant can be acquired based on the end time of DL transmission.
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Figure 1 Example of UL transmission to maximize UL coverage (a)
· Scenario 2: The two DCIs for DL scheduling and UL grant are in the same search space. In this case, as can be seen from Figure 2, to maximize UL coverage, legacy scheduling timing (n+4) for UL transmission is not feasible and new UL scheduling timing may need to be considered. For example, the possible solutions include that the start of UL transmission can be acquired based on the end time of DL transmission, or based on the dynamic indication from DCI. There are pros and cons in either alternative. If the timing is based on the end time of DL transmission then UL scheduling is depend on successful detection of downlink DCI. Otherwise extra signaling overhead is expected using the explicit DCI indication.
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Figure 2 Example of UL transmission to maximize UL coverage (b)
Observation 1: For the above scenario 1, the legacy MPDCCH search space intervals impose restrictions on the available resource for UL transmission.
Observation 2: For the above scenario 2, the legacy scheduling timing (n+4) for UL transmission may be not feasible to maximize the available resource for UL transmission.
Proposal 2: To maximize resource utilization, new MPDCCH search space starting subframe or new scheduling timing for UL transmission should be considered.
2.3 Discontinuous transmission

Discontinuous transmission has been proposed as one enhancement method for to take advantage of time diversity [3]. Assuming the inter-arrival time is 40ms between VoLTE data packet and the air interface budge is 80ms, the uplink transmission can be separated into two parts and transmit within two contiguous 40ms time frame. Further study is needed to evaluate the potential gains achievable for different channel conditions. However, usually the VoLTE delay budge is between 40ms to 60ms. Initially analysis and field test shows voice quality deteriorates significantly if the 80ms delay budget is used. The actual benefit of discontinuous transmission need further study.
Proposal 3: FFS the benefit of discontinuous transmission.   
2.4 Frequency hopping for VoLTE

Frequency hopping  is supported in eMTC. When frequency hopping is used, frequency hopping occurs between  narrowbands. With larger maximum PDSCH/PUSCH channel bandwidth, the utilization of narrowband based frequency hopping is restricted, as narrowband hopping rules may be interfered by the wideband MTC UE. However, frequency hopping can still be enable with proper eNB scheduling. For example, the PRB resources of the hopping frequency location can be reserved for narrowband MTC UEs.
Proposal 4:  Depending on eNB configuration, frequency hopping can be enabled for VoLTE.
2.5 SRS coverage improvement
SRS was proposed as one of the technique to reduce the number of DL repetition needed in TDD. However, there are still questions need to answered. The first question is to enhance the SNR of SRS so that the DL data transmission is reduced significant, how many repetition and density increase of SRS is needed. With the increased number of SRS transmission, more uplink resources is occupied and more UL power consumption is needed. Specifically, for narrowband UE the bandwidth is restricted and there is a conflict between SRS measurement and PUSCH scheduling. Therefore, in order to achieve measurement of whole bandwidth, some uplink subframes may need to be reserved for SRS repetition transmission. The possibility of reduction in UL coverage need to be considered also. In the end, the effectiveness of this technique need to be evaluated with overall system consideration, including both system performance impact and UE power consumption impacts. 
Proposal 5:  The effectiveness of SRS coverage improvement for VoLTE need to be demonstrated.

3 Conclusions
In this contribution, we have provided some analysis for VoLTE enhancement for eMTC from RAN1 perspective. 
We make the following proposals:

Proposal 1: Support maximum allowable repetition time within the inter-transmission interval.
Proposal 2: To maximize resource utilization, new MPDCCH search space starting subframe or new scheduling timing for UL transmission should be considered.
Proposal 3: FFS the benefit of discontinuous transmission.
Proposal 4: Depending on eNB configuration, frequency hopping can be enabled for VoLTE.
Proposal 5: The effectiveness of SRS coverage improvement for VoLTE need to be demonstrated.
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