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1 Introduction
This document summarizes some of the discussions in our earlier contributions S4-120403 [UE delay requirement], S4-130701 [UE delay in an end-to-end perspective], S4-130976 [On UE delay definition and system simulator compensation values], and S4-130978 [On UE delay testing and requirements for LTE access], in the light of the agreed draft CR’s to TS 26.131 and TS 26.132, S4-140227 and S4-140228.
2 Discussion
2.1 UE reference points for delay requirements
The reference points of the UE delay is discussed in S4-130976. Particularly, the discussion reflects on which acoustic events at MRP and DRP and, respectively, which signal being transmitted between the UE to the network that the UE delay shall be defined from. A summary of the combinations that may be considered is presented in Table 1. It should be noted that the definition of the UE delay reference points does not impact the end-to-end transmission delay experienced by the end-user, but is only a means of measuring the impact of the UE delay on the total end-to-end delay. 
Table 1: Possible UE delay reference points.
	
	Acoustic event at UE

	
	First event at MRP, first event at DRP
	First event at MRP, last event at DRP

	UE full air interface
	A
	B

	UE half air interface
	C
	D


In document S4-130701 it is shown that for GSM, TS 43.050 [Annex D] specifies that the reference points for the UE delay is according to ‘B’ of Table 1, i.e. the UE delay includes the full effect of the air interface and the delay is measured from the first acoustic event of a speech frame at MRP to the last acoustic event of a speech frame at DRP. 
For UMTS, the UE delay reference points were not defined when the UE delay requirement in TS 26.131 was included. Different organizations may have assumed different reference points, as discussed in S4-130976. The reference points has a direct impact on the system simulator correction factors that are subtracted from the delay measured via correlation of the signals at the UE and the test equipment, in order to obtain the UE delay, see S4-130976.
In the agreed draft CR for UE delay for LTE access it is proposed to adopt the definition ‘A’ from Table 1 since it produces a correct UE contribution in an end-to-end perspective by measuring from the corresponding acoustic events at MRP and ERP, and that the effect of the air interface is handled by the jitter buffer at the receiving UE. The inclusion of the full air interface effect to the UE also follows the established definition for GSM. 
2.2 Implementation independent UE delay

As discussed in S4-130978, the UE delay can be viewed as being composed of two high level components: An implementation independent delay due to the inherent delay in the design of the UE-to-radio access network speech path transmission chain, and an implementation dependent delay due to the UE vendor specific time required to process the signal according to the specified speech path transmission characteristics.

2.2.1 GSM

For GSM the UE delay reference point is, according to Annex D of TS 43.050, the point denoted by ‘B’ in Table 1.Using the AMR codec on the full rate channel, the implementation independent UE delay can be derived from Annex D of TS 43.050 as 2x37.5+25+20  = 120ms.

2.2.2 UMTS

For UMTS, the implementation independent delay includes the 20 ms framing prior to speech encoding and the 5 ms speech codec look-ahead for AMR. The air interface on the up- and downlink is 20 ms, respectively. Hence, the non-implementation dependent UE delay for UMTS is according to Table 2 for the different reference points. 

Table 2: Implementation independent UE delay for UMTS for different UE delay reference points 
	
	Acoustic event at UE

	
	First event at MRP, first event at DRP
	First event at MRP, last event at DRP

	UE full air interface
	2x20+25 = 65ms
	2x20+25+20 = 85ms

	UE half air interface
	2x10+25 = 45ms
	2x10+25+20 = 65ms


2.2.3 LTE

The implementation independent UE delay for LTE access and the AMR codec is discussed in S4-130978. Similarly to GSM and UMTS, the implementation independent UE delay includes the 20 ms framing and 5 ms codec look ahead. The radio transmission time for LTE is assumed 1 ms on the downlink and uplink, respectively. Further included in the UE implementation independent delay for LTE is the effect of the DRX cycle and also the handling of the possible packet arrival time variation on the downlink (“jitter”). 

Unlike UMTS and GSM, the LTE access includes a non-deterministic delay component in the air interface due to the possible variation of the packet arrival time. The effect of this variation is assumed to be handled via a jitter buffer in the receive side of the UE, and the depth of the jitter buffer should for any given statistics of the packet arrival time variation be adapted to be sufficiently long to not excessively drop packets arriving late on the downlink while at the same time being short enough to not introduce excessive delay. The minimum depth of the jitter buffer to fulfill these objectives for the simulated operating conditions is proposed to be attributed to the UE implementation independent delay.
This is adopted in Table X in the current draft CR to TS 26.131, as described in Table 3 below. 

Table 3: Current draft proposed UE delay requirements for LTE access
	Test Condition
	Delay and Loss Profile
	Requirements for Maximum Delay (Note 2)
	Speech Quality
Requirements 
(ΔMOS-LQO)

	0
	No profile
	[TBD1] + 27 ms
	REF (no requirement)

	1
	dly_profile_20msDRX_10pct_BLER_e2e.txt
	[TBD1] + 63 ms
	Δ1< REF - [TBD2]

	2
	dly_profile_40msDRX_10pct_BLER_e2e.txt
	[TBD1] + 103 ms
	Δ2< REF - [TBD2]

	NOTE 1:  Delay profiles 1 and 2 simulate a semi-persistent scheduling transmission scheme with DRX enabled and target BLER in sending and receiving directions of 10% ,with +/- 3ms of EPC jitter. Delay profiles are injected at the IP layer.

	NOTE 2: The implementation independent transmission delay for the AMR codec and LTE access is composed of: the speech frame buffering and codec look-ahead of 25 ms, the air interface transmission time of 1 ms on the receive and 1 ms on the send direction, the DRX cycle time (20ms or 40ms) and the time for 2 HARQ retransmissions (16ms). An extra 20ms delay for the 40 ms DRX cycle is added, due to the bundling of two speech frames. This equates to the minimum jitter buffer depth allowance for avoiding packet loss in the JBM, The term [TBD1] ms is attributed to the UE specific implementation dependent processing. 




2.3 Implementation dependent UE delay
2.3.1 GSM

According to Annex D of 43.050, the implementation dependent UE delay for GSM is 28.9ms.
2.3.2 UMTS

In TS 26.131 it is stated that the UE delay shall in any case be less than 220ms and should be less than 185ms. The implementation dependent part of this UE delay will differ depending on which UE reference point that is considered, since they result in different UE implementation independent delay. The budget for the vendor specific implementation dependent delay for the different possibilities of UE reference points is summarized in Table 4. 

Table 4: UE implementation dependent delay for UMTS for different UE reference points.

	
	Acoustic event at UE

	
	First event at MRP, first event at DRP
	First event at MRP, last event at DRP

	UE full air interface
	Shall: 220-65 = 155ms
Should: 185-65 = 120ms
	Shall: 220-85 = 135ms
Should: 185-85 = 100ms

	UE half air interface
	Shall: 220-45 = 175ms
Should: 185-55 = 140ms
	Shall: 220-65 = 155ms
Should: 185-65 = 120ms


2.3.3 Proposal in S4-120403
Document S4-120403 presents an update of the UE delay budget for GSM to better reflect the current systemization of UE’s and the signal processing that is applied in the UE to enhance the speech quality. The UE implementation dependent delay proposed in S4-120 403 is 60ms.
3 Conclusion
An overview of the two high level components of the UE delay (an implementation independent delay due to the construction of the air interface and an implementation dependent delay due to the UE vendor specific time required to process the signal according to the specified speech path transmission characteristics) has been presented.
For GSM the allowance for the vendor specific implementation dependent delay to meet the UE delay requirement is 28.9ms. 

For UMTS the allowance for the vendor specific implementation dependent delay to meet the UE delay requirement depends on which UE reference points the requirements should be considered for, and ranges from 135ms to 175ms for the ‘shall’ requirement and 100ms to 140ms for the ‘should’ requirement.

In the contribution S4-120403 a UE vendor specific processing delay of 60ms was proposed.

This overview of the different UE vendor specific implementation dependent delay may serve as guidance in setting the requirements for the UE delay for LTE access.  
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