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Introduction
At RAN#73, a work item on Voice and Video enhancements for LTE has been approved [1]. The objectives of this work item are to specify the following features based on the output of the study item report [2]:
1. The codec mode/rate selection and adaptation solution details specification
1. VoLTE/ViLTE signalling optimization
1. VoLTE quality/coverage enhancements

During RAN2#96 it was agreed [3]:
· Introduce a rate recommendation query message from the UE to the eNB with a MAC CE introduced for bit rate recommendation message from the eNB to the UE.
· FFS on avoiding ping-pong between UE and eNB.
· In this case UE should not go beyond the recommendation bitrate from eNB.
· Whether to use MAC CE for this message can be revisited if necessary. 
This document discusses the definition and values of the bit rate recommendation conveyed in the eNB-to-UE message and the RAN mechanisms to avoid a potential “ping-pong” effect of the rate adaptation.

[bookmark: _Ref178064866]Discussion
Recommended bitrate
The recommended bitrate is defined in [4] as the bitrate in Kbps of the physical layer at the time when the decision is made. 
An example on how the codec bitrate for the EVS 7.2 Kbps translates to the bitrate at the physical layer is presented in [4]. The examples contain the effect of MAC, RLC, and PDCP headers and assumes the case of fully operating ROHC header compression. With the assumptions of long RLC and PDCP sequence numbers and PHR and long BSR for every transmission, the bitrate at the physical layer is 12.8 Kbps (an overhead of 5.6Kbps) with one RTP packet containing one speech frame and no RLC segmentation is done. 
A further calculation of the transport overhead is presented in [4] with four speech frames bundled into one RTP packet by the application, and the bitrate at the physical layer is for this case 9Kbps (an overhead of 1.8 Kbps) under the same assumption of no RLC segmentation and sizes of MAC headers and MAC CEs. This application encapsulation of speech frames into single RTP packets is not supported by [6], but may serve as an example for the current exposition. 
Using a MAC bundling of two RTP packets into one transmission and short RLC and PDCP sequence numbers and no PHR or BSR gives an overhead of 2.2Kbps.
Based on the discussion above, it can be noted that the actual overhead will be implementation dependent, but the range of the overhead is assumed to be within 2 to 6 Kbps due to the RAN headers and different aggregation and encapsulation schemes. 
The IP and higher layer overhead for the speech codec data is 320 bits for Ipv4 and 480 for Ipv6 [7], corresponding to an addition of 16Kbps and 24Kbps if ROHC is not applied. With full ROHC header compression, it is assumed in [5] that the headers are compressed to 24 bits, corresponding to 1.2 Kbps.
The bitrate for the RTP payload at the physical layer including RAN headers and the IP and higher layer overhead for the AMR and AMR-WB codecs [7] and the EVS codec for the headerless payload format [8] for different assumptions of RAN headers, state of ROHC, and IP version are summarized in Table 1. 
[bookmark: _Ref473733504]Table 1: Codec payload bitrate
	AMR
	AMR-WB
	EVS
	Payload 
	Bitrate at physical layer [Kbps]

	
	
	
	Size [bits]
	Bitrate [Kbps]
	Assumed 1.8 Kbps 
RAN header overhead
	Assumed 5.6 Kbps 
RAN header overhead

	
	
	
	
	
	Excl. IP
	Ipv4
	Ipv6
	Full ROHC
	Excl.  IP
	Ipv4
	Ipv6
	Full ROHC

	4.75
	
	
	112
	5,6
	8
	24
	32
	9
	12
	28
	36
	13

	5.15
	
	
	120
	6
	8
	24
	32
	9
	12
	28
	36
	13

	5.9
	
	
	128
	6,4
	9
	25
	33
	10
	12
	28
	36
	14

	
	
	AMRWB 6.6 IO
	136
	6,8
	9
	25
	33
	10
	13
	29
	37
	14

	6.7
	6.6
	7.2
	144
	7,2
	9
	25
	33
	11
	13
	29
	37
	14

	7.4
	
	8
	160
	8
	10
	26
	34
	11
	14
	30
	38
	15

	7.95
	
	
	176
	8,8
	11
	27
	35
	12
	15
	31
	39
	16

	
	
	AMRWB 8.85 IO
	184
	9,2
	11
	27
	35
	13
	15
	31
	39
	16

	
	8.85
	9.6
	192
	9,6
	12
	28
	36
	13
	16
	32
	40
	17

	10.2
	
	
	216
	10,8
	13
	29
	37
	14
	17
	33
	41
	18

	12.2
	
	AMRWB 12.65 IO
	256
	12,8
	15
	31
	39
	16
	19
	35
	43
	20

	
	12.65
	13.2
	264
	13,2
	15
	31
	39
	17
	19
	35
	43
	20

	
	
	AMRWB 14.25 IO
	288
	14,4
	17
	33
	41
	18
	20
	36
	44
	22

	
	14.25
	
	296
	14,8
	17
	33
	41
	18
	21
	37
	45
	22

	
	
	AMRWB 15.65 IO
	320
	16
	18
	34
	42
	19
	22
	38
	46
	23

	
	15.85
	16.4
	328
	16,4
	19
	35
	43
	20
	22
	38
	46
	24

	
	
	AMRWB 18.25 IO
	368
	18,4
	21
	37
	45
	22
	24
	40
	48
	26

	
	18.25
	
	376
	18,8
	21
	37
	45
	22
	25
	41
	49
	26

	
	
	AMRWB 19.85 IO
	400
	20
	22
	38
	46
	23
	26
	42
	50
	27

	
	19.85
	
	408
	20,4
	23
	39
	47
	24
	26
	42
	50
	28

	
	
	
	464
	23,2
	25
	41
	49
	27
	29
	45
	53
	30

	
	23.05
	AMRWB 23.05 IO
	472
	23,6
	26
	42
	50
	27
	30
	46
	54
	31

	
	
	AMRWB 23.85 IO
	480
	24
	26
	42
	50
	27
	30
	46
	54
	31

	
	23.85
	24.4
	488
	24,4
	27
	43
	51
	28
	30
	46
	54
	32

	
	
	32
	640
	32
	34
	50
	58
	35
	38
	54
	62
	39

	
	
	48
	960
	48
	50
	66
	74
	51
	54
	70
	78
	55

	
	
	64
	1280
	64
	66
	82
	90
	67
	70
	86
	94
	71

	
	
	96
	1920
	96
	98
	114
	122
	99
	102
	118
	126
	103

	
	
	128
	2560
	128
	130
	146
	154
	131
	134
	150
	158
	135



[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc473742452][bookmark: _Toc473742835][bookmark: _Toc473823482][bookmark: _Toc473824555][bookmark: _Toc473824696][bookmark: _Toc473826232][bookmark: _Toc473914735]The bitrate at the physical layer for the voice media varies significantly between different configurations of the VoLTE service and the RAN and a sufficiently rich granularity of the recommended physical layer bitrate is needed.
[bookmark: _Toc473742453][bookmark: _Toc473742836][bookmark: _Toc473823483][bookmark: _Toc473824556][bookmark: _Toc473824697][bookmark: _Toc473826233][bookmark: _Toc473914736]The recommended bitrate at the physical layer includes all RAN headers as well as the effect of the operation of ROHC.
A proposed range of bitrates at the physical layer covering the bitrates produced by different configurations of the system and speech codecs being used is presented in Table 2. The lower values in the table, index 2 to 16 (corresponding to bitrates 8Kbps to 104Kbps) are primarily designed for the voice media. For the higher bitrate values, a pseudo-logarithmic scaling is applied to provide a range of bitrates that is deemed suitable for different bitrates of a video stream for real-time communication. 
The index 1, with value 0 Kbps, is considered for e.g. signalling from the eNB to the UE that currently no media is recommended to be transmitted on the logical channel, but that the data bearer may still be maintained and media control plane data (e.g. RTCP) may be sent for keeping the media connection alive.
The index 0 is considered for signalling to the UE that currently no recommended bitrate is available or that a previous bitrate recommendation no longer is valid but no new recommendation is given. 
[bookmark: _Ref473740913][bookmark: _Ref473741226]Table 2: Proposed bitrate values for the Recommended bitrate
	Index
	Recommended Bitrate value [Kbit/s]
	Index
	Recommended Bitrate value [Kbit/s]

	0
	Note 1
	32
	700

	1
	0
	33
	800

	2
	8
	34
	900

	3
	10
	35
	1000

	4
	12
	36
	1100

	5
	16
	37
	1200

	6
	20
	38
	1300

	7
	24
	39
	1400

	8
	28
	40
	1500

	9
	32
	41
	1750

	10
	36
	42
	2000

	11
	40
	43
	2250

	12
	48
	44
	2500

	13
	56
	45
	2750

	14
	72
	46
	3000

	15
	88
	47
	3500

	16
	104
	48
	4000

	17
	120
	49
	4500

	18
	140
	50
	5000

	19
	160
	51
	5500

	20
	180
	52
	6000

	21
	200
	53
	6500

	22
	220
	54
	7000

	23
	240
	55
	7500

	24
	260
	56
	8000

	25
	280
	57
	Reserved

	26
	300
	58
	Reserved

	27
	350
	59
	Reserved

	28
	400
	60
	Reserved

	29
	450
	61
	Reserved

	30
	500
	62
	Reserved

	31
	600
	63
	Reserved

	Note1: This index is used for indicating that the previous bitrate recommendation is no longer valid and no new bitrate recommendation is given.



[bookmark: _Toc473742454][bookmark: _Toc473742837][bookmark: _Toc473823484][bookmark: _Toc473824557][bookmark: _Toc473824698][bookmark: _Toc473826234][bookmark: _Toc473914738]Use the values presented in Table 2 for the RAN recommended bitrate.

UE bitrate query and eNB reporting
[bookmark: _Toc465349549][bookmark: _Toc465349699][bookmark: _Toc465431172][bookmark: _Toc465431615]The use cases for code bitrate adaptation during an on-going call is described in Sections 5.3.2 and 5.4.3 of [2]. This is further addressed in [9] for the operation of an MTSI client in the case of adapting the bitrate in response to a bitrate recommendation from the eNB: 
When an MTSI client in terminal receives an RMAB message for the local uplink that triggers adaptation:
1. For video and if TMMBR is supported in the session, a corresponding TMMBN message notifying the remote media receiver of this changed local uplink restriction shall be sent, as described in clause 10.3.2.
2. For both video and voice, an adaptation resulting in a reduction of the media sender bitrate shall be initiated immediately without further signaling.
3. For the case of video and if TMMBR is supported in the session:
a) An adaptation resulting in an increase of the media sender bitrate in uplink shall delay the media bitrate increase to allow sufficient time for the remote media receiver to receive and react to the TMMBN in bullet 1 above.
b) It is recommended that the bitrate in a TMMBN from bullet 1 that is increasing the media sender bitrate in uplink is set to correspond to the previously received RMAB message, to avoid unnecessary TMMBN, RMABQ, and RMAB signaling (see bullet 3 below) caused by a possible step-wise increase.
c) The remote media receiver receiving a TMMBN with increased bitrate shall, if found necessary, send a TMMBR with an appropriate lower bitrate than was received in the TMMBN, as described by section 3.5.4 of CCM [43]. When deciding whether or not to send TMMBR, the remote media receiver shall take all available adaptation triggers into account, e.g. any bitrate limit from a received RMAB message. The remote media receiver [should/may] therefore send an RMABQ message for its downlink, if supported, to trigger receiving an RMAB message with recent information.
d) After such delay in bullet 3.a) above, the media sender bitrate is increased. The bitrate increase shall take all available adaptation triggers into account, which can cause the bitrate increase to be separated into several steps (see clause C.2.5).
[bookmark: _Toc473914737]A UE bitrate query supports the use case for video rate adaptation described in [9]. 
It has been agreed to have a prohibit timer for this query message to ensure that the eNB can control how often a UE can transmit a query. Since a client may have several media flows on different logical channels and the query is separate for downlink and uplink direction, the UE should be able send separate queries to request information about the different logical channels and for the different directions. So when the UE transmits this query MAC CE, the prohibit timer should only apply to that logical channel and that direction (uplink/downlink), while the UE should be allowed to send another MAC CE for another logical channel or another direction.
[bookmark: _Toc473823487][bookmark: _Toc473824560][bookmark: _Toc473824701][bookmark: _Toc473826237][bookmark: _Toc473914739]The prohibit timer for the query MAC CE only prohibits the UE from retransmitting the exact same MAC CE to the eNB during the configured time.
The proposed updates to TS 36.321 are described in [10].
Conclusion
Based on the discussion in section 2 we propose the following:
Observation 1	The bitrate at the physical layer for the voice media varies significantly between different configurations of the VoLTE service and the RAN and a sufficiently rich granularity of the recommended physical layer bitrate is needed.
Observation 2	The recommended bitrate at the physical layer includes all RAN headers as well as the effect of the operation of ROHC.
Observation 3	A UE bitrate query supports the use case for video rate adaptation described in [9].

Based on the discussion in section 2 we propose the following:
Proposal 1	Use the values presented in Table 2 for the RAN recommended bitrate.
Proposal 2	The prohibit timer for the query MAC CE only prohibits the UE from retransmitting the exact same MAC CE to the eNB during the configured time.
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