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Discussion and Decision
1
Introduction
In [1], VoLTE support and enhancements for eMTC devices were addressed for use cases such as voice capable wearable devices. These devices may require higher data rates above 1 Mbps, mobility, and support services that are more delay sensitive. In this contribution, we provide our analysis for VoLTE support and coverage for eMTC devices.
2
VoLTE Support for eMTC
Figure 1 illustrates VoLTE transmission for full-duplex eMTC UE. Unlike legacy UE, TTI bundling is not supported in eMTC, so Cat-M1 UE will rely on repetition to achieve the desired coverage for VoLTE. From Figure 1, it is seen that up to 16 repetitions can be used for each voice frame with 20ms inter-arrival time in case of full-duplex UE. This number of transmissions is smaller to that of Rel-12 legacy UE supporting 12ms HARQ timing where up to 5 TTI bundles (corresponding to 20ms) may be supported per each voice frame. For Rel-11 or prior UE, only 4 TTI bundles (corresponding to 16ms) may be supported if the air interface delay budget is to be kept to around 50ms. Thus, full-duplex Cat-M1 UE may have similar VoLTE coverage to Rel-11 UE and smaller coverage than Rel-12 UE. Note that Figure 1 assumes semi-persistent is used. Semi-persistent is supported for eMTC UE in CE Mode A. 
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Figure 1. VoLTE transmission for full-duplex Cat-M1.
Based on the the above analysis, it can be seen that full-duplex eMTC UE can provide similar VoLTE coverage as non-BL UE when the PUSCH is the limiting channel. 
Observation 1: Full-duplex eMTC UE can provide similar VoLTE coverage as non-BL Rel-11 UE and lower coverage than non-BL Rel-12 UE.
For half-duplex eMTC UE, only 20ms is available to transmit both downlink and uplink voice frames (or voice frame and silence indication frame). In this case, a balance must be struck between uplink and downlink transmissions. 
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Figure 2. VoLTE transmission for half-duplex Cat-M1.
Figure 2 illustrates VoLTE transmission for half-duplex eMTC UE. In this case, 16ms has been allocated to the PUSCH while 2ms has been allocated to the PDSCH. Note that uplink ACK/NACK is also needed which will puncture the PUSCH transmission. In this case, the PUSCH transmission time is almost 8 times longer than the PDSCH, resulting in 9 dB difference. In general, the PDSCH is transmitted with higher power and can use all 6 PRBs (compared to 1 PRB for PUSCH). For instance, PDSCH power spectral density is 29dBm per PRB while the PUSCH power spectral density is 23dBm in one PRB. However, due to the much longer transmission time for the PUSCH, it is possible that the PDSCH will be the limited channel.   
Observation 2: VoLTE coverage for HD-FDD Cat-M1 UE may be limited by either DL or UL based on the configured number of repetitions.
As seen in Figure 2, it is difficult to improve VoLTE performance of HD-FDD Cat-M1 UE due to the time sensitive and periodic nature of VoLTE traffic. For example, using EVS 7.2 kbps codec, the UE would have to transmit 256 bits every 20ms. However, only 15ms are available to transmit this data on the uplink in Figure 2. This requires instantaneous data rate of 17 kbps which is significantly higher than 7.2 kbps due to overhead. One approach that can be used to improve performance is to use voice frame aggregation to reduce overhead. 
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Figure 3. VoLTE transmission for half-duplex Cat-M1 with voice frame aggregation (2 voice frames).
Figure 3 illustrates VoLTE transmission with voice frame aggregation where 2 voice frames are aggregated together. The total time available for VoLTE transmission in the uplink is 30ms (using 32 repetitions with 2ms punctured by ACK/NACK). However, the payload size is only 440 bits as only 1 PDCP/RLC/MAC overhead is needed. As a result, the required instantaneous data rate is 14.7 kbps. This provides a gain of 0.7dB. Additional gain may be possible from time diversity due to longer transmission. Thus, a gain of up to 1dB may be possible using voice frame aggregation. However, the disadvantage of this aggregation is the increase in delay for the 1st voice frame in the aggregated packet.
Observation 3: Voice frame aggregation can provide some gain in VoLTE coverage.
Figure 4 illustrates PUSCH performance of AMR-WB 6.6 kbps VoLTE for both Cat-1 and half-duplex eMTC UE using voice frame aggregation. At the 1% BLER point, it is seen that the PUSCH performance is similar between Cat-1 with TBS=208 and a maximum of 4 transmissions and half-duplex eMTC UE. Thus, it is seen that eMTC UE can provide similar performance in the uplink as Cat-1 UE.
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Figure 4. AMR-WB 6.6kbps performance for PUSCH.
Figure 5 shows PDSCH performance for the same AMR voice codec. Here, performance for Cat-M1 UE with 1Rx antenna is shown. For comparison purpose, results for UE with 2Rx antennas is also provided.
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Figure 5. AMR-WB 6.6kbps performance for PDSCH.
Table 1 shows the link budget for VoLTE. For eMTC, it is seen here that the link budget is limited by the downlink, which has slightly smaller MCL than the uplink. 
Table 1. VoLTE link budget.
	
	
	Cat-M1
	
	Cat-1

	Channel
	 
	PDSCH
	PUSCH
	 
	PUSCH

	Data rate (kbps)
	
	AMR-WB 6.6 kbps
	AMR-WB 6.6 kbps
	
	AMR-WB 6.6 kbps

	No of PRBs
	
	6
	1
	
	1

	Transmitter
	
	 
	 
	
	 

	Max Tx power (dBm)
	
	46
	23
	
	23

	(1) Actual Tx power (dBm)
	
	36.8
	23
	
	23

	Receiver
	
	 
	 
	
	 

	(2) Thermal noise density (dBm/Hz)
	
	-174
	-174
	
	-174

	(3) Receiver noise figure (dB)
	
	9
	5
	
	5

	(4) Interference margin (dB)
	
	0
	0
	
	0

	(5) Occupied channel bandwidth (Hz)
	
	1,080,000
	180,000
	
	180,000

	(6) Effective noise power
	
	-104.7
	-116.4
	
	-116.4

	= (2) + (3) + (4) + 10 log ((5))  (dBm)
	
	
	
	
	

	(7) Required SINR (dB)
	
	-0.5
	-2.8
	
	-2.8

	(8) Receiver sensitivity = (6) + (7) (dBm)
	
	-105.2
	-119.2
	
	-119.2

	(9) Rx processing gain
	
	0
	0
	
	0

	(10) MCL  = (1) (8) + (9) (dB)
	
	142.0
	142.2
	
	142.2


The link budget from Table 1 also shows that, with voice frame aggregation, VoLTE coverage for HD-FDD Cat-M1 UE is similar to that of Cat-1 UE. Note that we assumed round-trip time of 16ms for Cat-1 HARQ (i.e. Rel-11 or earlier UE). With 12ms HARQ round-trip time (i.e. if the UE supports e-HARQ-Pattern-r12), then Cat-1 UE will perform better (approximately by 1 dB).
Observation 4: With voice frame aggregation, VoLTE coverage for HD-FDD Cat-M1 UE is similar to Cat-1 UE.
In the case that VoLTE link budget is limited by the downlink, coverage can be increased by supporting larger bandwidth (i.e. greater than 6 PRBs) in the downlink (since downlink PSD is the same across PRBs, there would be additional coding gain by using more PRBs). By allowing the eNB to use more PRBs in the downlink, the required number of repetitions is reduced, thus allowing more repetitions to be used in the uplink. 

Observation 5: VoLTE coverage for HD-FDD eMTC UE may be increased by supporting bandwidth larger than 6 PRBs.
Due to the fact that CE Mode A supports {2,4,8,16,32} repetitions, only 32ms can be used to transmit the packet instead of 40ms. This represents a coding loss of approximately 1dB in performance. Thus, it should be studied whether additional number of repetitions can be supported in CE Mode A. For example, 20 and 40 repetitions can be included to allow for all subframes to be utilized for VoLTE. 
Observation 6: Consider additional number of repetitions in CE Mode A (e.g. 20, 40) in order to use all subframes for VoLTE.
3
Conclusion
In this contribution, we consider VoLTE coverage for eMTC UE and make the following observations –

Observation 1: Full-duplex eMTC UE can provide similar VoLTE coverage as non-BL Rel-11 UE and lower coverage than non-BL Rel-12 UE.
Observation 2: VoLTE coverage for HD-FDD Cat-M1 UE may be limited by either DL or UL based on the configured number of repetitions.
Observation 3: Voice frame aggregation can provide some gain in VoLTE coverage.
Observation 4: With voice frame aggregation, VoLTE coverage for HD-FDD Cat-M1 UE is similar to Cat-1 UE.
Observation 5: VoLTE coverage for HD-FDD eMTC UE may be increased by supporting bandwidth larger than 6 PRBs.
Observation 6: Consider additional number of repetitions in CE Mode A (e.g. 20, 40) in order to use all subframes for VoLTE.
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