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1. Introduction
In RAN#73 the FeMTC WI [1] was updated to include VoLTE enhancements for HD-FDD, which may be achieved by reducing DL repetitions, including new repetition factors, and adjusted scheduling delays. 
In RAN1#86b the following agreements were reached:
Agreement:
· 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

In this contribution we provide our views on how VoLTE can be enhanced for eMTC operation
2. Types of transmission
In VoLTE operation the following situations can occur (for a given voice frame) from a UE point of view:
1. UE is in silence, other end is in talk.
2. Both ends are in talk.
3. UE is in talk, other end is in silence.
For each of the 3 states the following packets will be interchanged:
1. UE transmits SID packets (every 160ms) and receives talk frames (generated every 20ms)
2. UE transmits and receives talk frames (generated every 20ms)
3. UE transmits talk frames (generated every 20ms) and receives SID packets (every 160ms)
The size of the voice and SID packets can be determined a priory, assuming a given frame bundle length (we assume bundling of two packets, for the sake of simplicity) and a codec. For example, for AMR and AMR-WB the TBS are shown in Table 1. 
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Table 1 TB sizes for different codecs
	Frame Type Index
	Frame content (AMR mode, comfort noise, or other)
	Number
of bit octets aligned
	IP+UDP+RTP
	RAN
	Size per segment
	Size adjusted to available TBS sizes 
	Bundle of 2 Voice packets 
TB Size

	 
	 
	 
	ROHC
	PDCP Hdr
	RLC Hdr
	MAC Hdr
	 
	 
	 

	0
	AMR 4,75 kbit/s
	120
	24
	8
	16
	8
	176
	208
	408

	1
	AMR 5,15 kbit/s
	128
	24
	8
	16
	8
	184
	208
	408

	2
	AMR 5,90 kbit/s
	144
	24
	8
	16
	8
	200
	208
	408

	3
	AMR 6,70 kbit/s (PDC-EFR)
	160
	24
	8
	16
	8
	216
	224
	440

	4
	AMR 7,40 kbit/s (TDMA-EFR)
	168
	24
	8
	16
	8
	224
	256
	504

	5
	AMR 7,95 kbit/s
	184
	24
	8
	16
	8
	240
	256
	504

	6
	AMR 10,2 kbit/s
	224
	24
	8
	16
	8
	280
	296
	584

	8
	AMR SID
	64
	24
	8
	16
	8
	120
	136
	NA

	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	0
	AMR-WB 6.60 kbit/s 
	144
	24
	8
	16
	8
	200
	208
	408

	1
	AMR-WB 8.85 kbit/s 
	184
	24
	8
	16
	8
	240
	256
	504

	2
	AMR-WB 12.65 kbit/s 
	264
	24
	8
	16
	8
	320
	328
	648

	8
	AMR-WB 23.85 kbit/s 
	488
	24
	8
	16
	8
	544
	552
	1096

	9
	AMR-WB SID (Comfort
Noise Frame) 
	48
	24
	8
	16
	8
	104
	120
	NA

	-
	EVS 13.2 Channel Aware mode
	264
	24
	8
	16
	8
	320
	328
	648




From our link level analysis, an MCL of 142.28 in uplink is achievable with 31 repetitions (R=32 minus one subframe punctured by PUCCH) for 3% BLER, EPA5 channel, UE 1T1R and eNB 2T2R. The summary of the link budget calculation is shown in Table 2

Table 2 MCL calculation for TBS of 408, transmission in 40ms
	LTE HD-FDD CAT M1 
	
	

	Physical channel name
	PUSCH R=31
	PDSCH R=4

	Transmitter
	 
	 

	Max Tx power  (dBm)
	23
	46

	(1) Actual Tx power (dBm)
	23.0
	36.8

	Receiver
	 
	 

	(5) Occupied channel bandwidth (Hz)
	540000
	1080000

	(7) Required SINR (dB)
	-7.6
	1.4

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	 
-119.27
	 
-103.76

	(9) MCL 
         = (1) - (8) (dB)
	 
142.28
	 
140.1

	 
NOTE 1:    eNB is assumed with 2 Tx and 2 Rx in FDD systems.



[bookmark: _GoBack]Thus, for the worst case of simultaneous talk/listen, the UE needs to transmit R=31 PUSCH and receive R=4 to achieve an MCL of 140.1dB. Since the packets are generated every 40ms, these repetitions (with the corresponding scheduling delays) have to fit in a 40ms window. Due to the cross-subframe scheduling delays, and the impossibility to receive PDSCH and MPDCCH in the same subframe when using 6PRB, this is not possible. One way to avoid this issue is to have a joint grant that schedules PDSCH and PUSCH. With this approach, the scheduling delays are reduced and it is possible to fit both PUSCH and PDSCH in a window of 40ms (See Figure 1). The parameters for the joint grant can be semi-statically configured (e.g. sets of TBS and number of repetitions for different combinations of only talk/only SID/both talk)

Observation 1: Introducing a joint grant for PDSCH and PUSCH reduces the scheduling overhead and allows to achieve the maximum CL in a window of 40ms.
Proposal 1: Introduce a joint grant for PDSCH and PUSCH. The set of TBS and number of repetitions can be semi-statically configured for the different cases.


Figure 1 Scheduling of PDSCH with R=4, PUSCH with R=32, with current specification (top) and with proposed joint grant (bottom)
Summary
Observation 1: Introducing a joint grant for PDSCH and PUSCH reduces the scheduling overhead and allows to achieve the maximum CL in a window of 40ms.
Proposal 1: Introduce a joint grant for PDSCH and PUSCH. The set of TBS and number of repetitions can be semi-statically configured for the different cases.
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