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Introduction
During Rel-14, several VoLTE/ViLTE enhancement features were specified at the RAN level (as part of the LTE_VoLTE_ViLTE_enh work item) for RAN-assisted codec adaptation, VoLTE/ViLTE signalling optimization and VoLTE/ViLTE quality/coverage enhancement. In addition, media handling aspects of RAN-assisted codec adaptation functionality were specified in TS 26.114. 

As part of the VoLTE quality/coverage enhancement functionality, a delay budget reporting framework was specified at the RAN level so that the VoLTE coverage can be effectively enhanced by relaxing the air interface delay budget. The UE uses RRC signalling to report the delay budget information. Based on the reported delay budget information, when a UE is in good coverage, the eNB can configure longer DRX for power saving purpose or the eNB can reduce DRX cycle in order to help the remote UE and reduce end-to-end delay and jitter, since when the remote UE is in bad coverage, the local eNB of that remote UE can increase the retransmission times in order to reduce the packet loss.
This technical report addresses several gaps associated with the use of the RAN delay budget reporting framework requiring suitable media handling recommendations. In particular, the following questions are addressed:
1. What are the available mechanisms in TS 26.114 and kinds of information available at the MTSI client that can help towards determining the content of UEAssistanceInformation messages with delay budget report information? 
2. How does RAN-level delay budget reporting work in conjunction with existing media adaptation behaviours in TS 26.114 for MTSI in an end-to-end fashion? 
3. What kind of MTSI signalling (if any) at the media handling level would facilitate a more coordinated and optimized use of the RAN delay budget reporting framework in an end-to-end fashion?
	Third Change


1
Scope
This technical report investigates several MTSI enhancements relevant to the media handling aspects of RAN delay budget reporting. More specifically, the following MTSI enhancements are addressed, and the related gap analysis and conclusions are documented: 

1.    Potential recommendations for MTSI on the available mechanisms in TS 26.114 to determine the content of UEAssistanceInformation messages with delay budget report information including: 
·      Relevant end-to-end quality metrics (e.g., round-trip time (RTT), packet loss ratio (PLR), jitter, etc.) in MTSI and other relevant information that can be used to trigger UEAssistanceInformation messages. 

·      Suitable conditions on the end-to-end delay and jitter to determine 
· if UE should send UEAssistanceInformation with delay budget report information, e.g., suitable RTT thresholds (i.e., with RTT determined by using RTCP sender and receiver reports), 
· what kind of information may be included in the UEAssistanceInformation messages based on the available information at the MTSI client
2.    Potential recommendations on how RAN-level delay budget reporting works in conjunction with existing media adaptation behaviours in TS 26.114 for MTSI. Relevant media adaptation behaviours include
· Codec rate or mode adaptation via CMR / RTCP-APP messages (for voice)
· Use of application layer redundancy for increased reliability
· Use of packet bundling (a.k.a. frame aggregation)  
In particular, potential recommendations are studied on when and how the UEs should use RAN-based delay adjustment mechanisms in an end-to-end fashion also accounting for local radio conditions and when UEs may activate and perform media-layer adaptation.  The recommendations provided are flexible enough to enable implementations to optimize how relevant metrics and information, including non-standardized information, are used by the UE.  

3.    Identification and definition of potential new formats for real-time signalling of delay budget information from an MTSI receiver to an MTSI sender during a multimedia telephony session are also considered.
Furthermore, end-to-end performance evaluations for MTSI are presented, based on end-to-end metrics such as delay, jitter and packet loss rate, in conjunction with RAN-level air interface delay considerations toward developing potential recommendations on MTSI for the areas above. 
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4
Overview of RAN Delay Budget Reporting
4.1
Background

During Rel-14, several VoLTE/ViLTE enhancement features were specified at the RAN level [3]-[6] (as part of the LTE_VoLTE_ViLTE_enh work item) for RAN-assisted codec adaptation, VoLTE/ViLTE signalling optimization and VoLTE/ViLTE quality/coverage enhancement. In addition, media handling aspects of RAN-assisted codec adaptation functionality were specified in TS 26.114 [2]. 

As part of the VoLTE quality/coverage enhancement functionality, a delay budget reporting framework was specified at the RAN level so that the VoLTE coverage can be effectively enhanced by relaxing the air interface delay budget. The UE uses RRC signalling to report the delay budget information, as specified in TS 36.331 [6]. Based on the reported delay budget information, when a UE is in good coverage, the eNB can configure longer DRX for power saving purpose or the eNB can reduce DRX cycle in order to help the remote UE and reduce end-to-end delay and jitter, since when the remote UE is in bad coverage, the local eNB of that remote UE can increase the retransmission times in order to reduce the packet loss.
4.2
Use Cases

In Figure X, one use case on RAN delay budget reporting functionality is presented. Here, UE1 (MTSI receiver) is in good radio condition and configured with 40ms CDRX. UE2 (MTSI sender) is in bad radio condition and configured with no CDRX. The scenario in Figure X happens in the following sequence:
1.   UE2 detects bad-radio condition (e.g., high BLER), it does many HARQ retransmissions, which cause long jitter and E2E delay at the receiver UE1. 

2.    UE1 detects that VoLTE quality is bad (e.g., large jitter or delay), hence it suggests eNB1 to de-configure CDRX or shorten CDRX cycle. As a result, end-to-end delay and jitter are reduced.

3.    UE2 detects that VoLTE E2E delay has dropped. UE2 reports larger delay headroom to eNB2, so eNB may apply more eMTC repetitions (or more HARQ retransmissions).
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Figure X: UE1 shortening CDRX cycle for a degraded VoLTE call.
Essentially, UE1, despite its good coverage conditions, requests and if granted by the eNB, achieves the shortening of its CDRX cycle, in order to be able to provide more delay budget for UE2 so that UE2 can better tackle its poor coverage conditions and increase the reliability of its uplink transmissions. As such, the end-to-end quality of an MTSI call can be improved through reduced end-to-end delay and jitter. Such a capability requires that the UE is able to indicate to the eNB a CDRX cycle value that is different than the configured CDRX cycle value, for instance the UE may indicate preferred CDRX cycle length via a new RRC message. 
4.3
RAN Feature Description

In order to realize the use cases above, the following RRC signaling was adopted in TS 36.331 [6] based on the UEAssistanceInformation message with the semantics shown in Table Y that allows the UE to signal to the eNB delay budget reporting information carrying desired increment/decrement in the Uu air interface delay or connected mode DRX cycle length.as follows:

1-    A UE in good coverage indicates a preference to the eNB to reduce the local air interface delay by sending a UEAssistanceInformation message with delayBudgetReport value and indication of type1 to decrease the connected mode DRX cycle length, so that the E2E delay and jitter can be reduced. 
2-    The peer UE in bad coverage can send a UEAssistanceInformation message with delayBudgetReport value and indication of type2 to its eNB to indicate a preference on Uu air interface delay adjustments.
When the UE detects changes such as end-to-end MTSI voice quality or local radio quality, the UE may inform the eNB its new preference by sending UEAssistanceInformation messages with updated contents on delayBudgetReport.
The eNB then decides which CDRX cycle to use. A prohibit timer is configured by the eNB to prevent the UE from sending the indication too frequently.
Table Y: Semantics of the UEAssistanceInformation message for RAN delay budget reporting

	UEAssistanceInformation field descriptions

	delayBudgetReport
Indicates the UE-preferred adjustment to connected mode DRX or coverage enhancement configuration.

	type1
Indicates the preferred amount of increment/decrement to the connected mode DRX cycle length with respect to the current configuration. Value in number of milliseconds. Value ms40 corresponds to 40 milliseconds, msMinus40 corresponds to -40 milliseconds and so on.

	type2
Indicates the preferred amount of increment/decrement to the coverage enhancement configuration with respect to the current configuration so that the Uu air interface delay changes by the indicated amount. Value in number of milliseconds. Value ms24 corresponds to 24 milliseconds, msMinus24 corresponds to -24 milliseconds and so on.
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6.1
Evaluation Methodology

Editor’s Note: This is a baseline for the initial evaluation work and may be updated if necessary.
6.1.1
Performance Metrics

- End-to-end delay and jitter, i.e., at RTP level, excluding JBM impacts.

- End-to-end delay and jitter, i.e., at RTP level, including impact when using reference JBMs for EVS and AMR-WB 

- Packet loss statistics, with considerations on both per-link (DL/UL) and end-to-end packet loss ratio (PLR)

- Voice quality in terms of POLQA

6.1.2
Codec Configurations

- EVS WB 7.2kbps

- EVS WB 9.6kbps

- EVS WB 13.2kbps

- EVS WB-CA 13.2kbps

- EVS SWB 13.2kbps

- EVS SWB-CA 13.2kbps

- EVS SWB 24.4kbps

- AMR-WB 12.65 kbps
6.1.3
Delay Profiles

- Annex E of TS 26.132 [X]

- Clause 8.2 of TS 26.114 [2]

- Clause 13.3 of TR 26.952 [Y]
6.1.4
RAN Configurations

For DL or good coverage UE (UE2):

- cDRX on/off (for DL / good coverage UE), DRX cycle length (if on): 40ms

For UL or poor coverage UE (UE1):

- Initial BLER Values (for poor coverage UE): 0.4 - 0.95

- HARQ, number of retransmissions 0-6, RTT values 8, 16, [24], [32], 48, 64ms 
- Rel-12 TTI bundling, Rel-14 PUSCH enhancement bundle sizes 4, 8, 12, 16, 24, 32

- RAN-level frame aggregation, of length = 20ms, 40ms, 60ms, 80ms
- Residual BLER (after retransmissions) range: 1% - 10%

6.1.5
Application Layer Considerations

- Application layer frame aggregation

- Application layer redundancy

6.1.6
Test Scenarios

Scenario 1:

· Good DL coverage for receiving UE (UE2)

· Poor UL coverage for sending UE (UE1)

Table 6.1 – Set of Relevant RAN Configurations for Scenario 1

	 #
	UE1 (poor coverage)
	UE2 (good coverage)

	
	RAN-level frame aggregation
	iBLER
	HARQ retr.
	HARQ RTT
[ms]
	TTI bundle size
	DRX cycle 
[ms]
	rBLER

	1
	1
	0.4
	4
	8
	1
	0
	0

	2
	2
	0.4
	4
	8
	1
	0
	0

	3
	1
	0.4
	2
	8
	1
	40
	0

	4
	2
	0.4
	2
	8
	1
	0
	0

	5
	1
	0.4
	4
	8
	1
	40
	0

	6
	2
	0.4
	4
	8
	1
	40
	0

	7
	1
	0.4
	2
	8
	1
	0
	0

	8
	2
	0.4
	2
	8
	1
	40
	0

	9
	2
	0.4
	0
	16
	4
	0
	0

	10
	2
	0.4
	0
	16
	4
	40
	0

	11
	1
	0.8
	2
	16
	4
	0
	0

	12
	1
	0.8
	4
	16
	4
	0
	0

	13
	1
	0.8
	2
	16
	4
	40
	0

	14
	1
	0.8
	4
	16
	4
	40
	0

	15
	2
	0.8
	2
	16
	4
	0
	0

	16
	2
	0.8
	4
	16
	4
	0
	0

	17
	2
	0.8
	2
	16
	4
	40
	0

	18
	2
	0.8
	4
	16
	4
	40
	0

	19
	2
	0.9
	6
	16
	4
	0
	0

	20
	2
	0.9
	6
	16
	4
	40
	0

	21
	2
	0.89
	4
	16
	8
	0
	0

	22
	2
	0.89
	4
	16
	8
	40
	0

	23
	3
	0.91
	1
	48
	24
	0
	0

	24
	3
	0.91
	1
	48
	24
	40
	0

	25
	4
	0.93
	1
	64
	32
	0
	0

	26
	4
	0.93
	1
	64
	32
	40
	0
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UE2 (Bad radio condition)
Report more delay headroom after UE1's CDRX reporting. The eNB originally configured no CDRX due to bad radio quality.



