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1
Introduction
In [1], VoLTE support and enhancements for eMTC devices was addressed for use cases such as voice capable wearable devices. In this contribution, we provide an overview of VoLTE support for eMTC and compare coverage between Cat-M1 and Cat-1 UE. Note that this is an update of [2] with new analysis and simulation results.
2
VoLTE Performance for eMTC
Figure 1 illustrates VoLTE transmission for full-duplex eMTC UEs. Unlike legacy UE, TTI bundling is not supported in eMTC, so Cat-M1 UE will rely on repetitions to achieve the desired coverage for VoLTE. From Figure 1, it is seen that up to 16 repetitions can be used for each speech frame in case of full-duplex UE. This number of transmissions is similar to that of Rel-12 legacy UE where up to 5 TTI bundles (corresponding to 20ms) may be supported per each speech 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 UEs may have similar VoLTE coverage to Rel-12 UEs and similar larger coverage than Rel-11 or prior UE. Note that Figure 1 assumes semi-persistent is used. Semi-persistent is supported for eMTC UE in CE Mode A which allows for up to 32 repetitions. 
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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 UE.
For half-duplex eMTC UE, only 20ms is available to transmit both downlink and uplink speech frames (or speech frame and silence indication frame). In this case, a balance must be struck between uplink and downlink transmission. 
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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. This requires instantaneous data rate of 17 kbps (accounting also for the A/N puncturing). One approach that can be used to improve performance is to use speech frame aggregation.
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Figure 3. VoLTE transmission for half-duplex Cat-M1 with speech frame aggregation.
Figure 3 illustrates VoLTE transmission with speech frame aggregation where 2 speech 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 456 bits as only 1 PDCP/RLC/MAC overhead is needed. As a result, the required instantaneous data rate is 15 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 speech frame aggregation. However, the disadvantage of this aggregation is the increase in delay for the 1st speech frame in the aggregated packet.
Observation 3: Speech frame aggregation can provide gain in VoLTE coverage.
Figure 4 illustrates PUSCH and PDSCH performance of AMR-WB 6.6 kbps VoLTE service for both Cat-1 and half-duplex eMTC UE. Without speech frame aggregation, the TBS is 256 bits for PUSCH and 208 bits for PDSCH. The transport block size is smaller for the downlink because there is no BSR and PHR in the MAC packet. Also, 1 PRB is used in the uplink while 6 PRBs are used in the downlink. With speech frame aggregation of two, the TBS is 456 bits for PUSCH and 408 bits for PDSCH. In this case, 3 PRBs are used in the uplink while 6 PRBs are used in the downlink. The propagation channel is EPA 5Hz. The target BLER is 1% and the air-interface delay budget of around 50ms is used.
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Figure 4. AMR-WB 6.6kbps performance for PUSCH and PDSCH.
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
	3
	
	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
	540,000
	
	180,000

	(6) Effective noise power
	
	-104.7
	-111.7
	
	-116.4

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

	(7) Required SINR (dB)
	
	1.2
	-4.5
	
	-0.5

	(8) Receiver sensitivity = (6) + (7) (dBm)
	
	-103.5
	-116.2
	
	-116.9

	(9) Rx processing gain
	
	0
	0
	
	0

	(10) MCL  = (1) (8) + (9) (dB)
	
	140.3
	139.2
	
	139.9


Table 1 shows the link budget for both Cat-M1 and Cat-1 UEs. Note that only the PUSCH is shown for Cat-1 UE since it is well known that the PUSCH is the limiting link for full-duplex transmission. The link budget from Table 1 shows that, with speech frame aggregation, VoLTE coverage for HD-FDD Cat-M1 UE is similar to that of Rel-12 Cat-1 UE. If compared to Rel-8 Cat-1 UE with 16ms RTT, then coverage will be slightly better for Cat-M1 UE. Note also that performance for PDSCH is very close to PUSCH despite using all 6 PRBs in the downlink. Thus, it is seen that the PDSCH may become the limiting link for HD-FDD UEs.
Observation 4: With speech frame aggregation, VoLTE coverage for HD-FDD Cat-M1 UE is similar to Cat-1 UE.
3
Conclusions
In this contribution, we consider VoLTE coverage for Cat-M1 UE and make the following observations –

Observation 1: Full-duplex eMTC UE can provide similar VoLTE coverage as non-BL 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: Speech frame aggregation can provide gain in VoLTE coverage.
Observation 4: With speech frame aggregation, VoLTE coverage for HD-FDD Cat-M1 UE is similar to Cat-1 UE.
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