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1 Introduction
This document discusses the test conditions and requirements of the UE delay for LTE access. It is considered that compared to UMTS and GSM access the main difference for LTE access is the non-deterministic and time varying characteristics of the delay introduced by the air interface. A test and requirement structure is proposed to verify that the UE behaves as expected with respect to delay and speech quality when being exposed to simulated air interface operating conditions spanning the full range of what may be anticipated in live operation.  
2 Discussion
The UE delay can be viewed as being composed of two high level components: A non-implementation dependent core 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.

For UMTS, the non-implementation dependent delay is composed of the 20 ms framing prior to speech encoding, the 5 ms speech codec look-ahead for AMR, and the 20 ms air interface on the up- and downlink, respectively. Hence, the non-implementation dependent UE delay for UMTS is 20 ms + 5 ms + 2x20 ms = 65 ms. 

The time required to process the speech data (both speech enhancement processing to fulfill 26.131 audio related requirements and radio transmission related processing) varies between different implementations. Due to the many options of implementations, it is not considered feasible to further specify this delay component in detail, but it is considered that a reasonable budget for this processing delay should be allocated, and it is up to the UE vendor to allocate this delay between the different processing components. Counting backwards from the UE delay requirements for UMTS access specified in TS 26.131, the time allocated for this implementation dependent delay equals 185/220 ms – 65 ms = 120/155 ms for the should/shall requirements, respectively. It should be noted that there are uncertainties with respect to which CMU correction values that were used in the measurements of devices leading up to the minimum performance requirements of 185/220 ms. Hence, with new correction values the 120/155 ms for the implementation dependent processing delay could possibly be reduced. However, for the discussion in this document and as a tentative requirement the values of 120/155 ms is used. 
For LTE access and AMR codec, the non-implementation dependent UE delay similarly 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 4+1 ms = 5 ms on the uplink. Further included in the UE core delay for LTE is the non-implementation dependent effect of the DRX cycle and also the handling of the possible packet arrival time variation on the downlink (“jitter”). As outlined in TD S4-130 087, a core delay of ([DRX cycle time] – 20 ms) is added due to the effect of bundling of speech frames to the DRX cycle on the UE send side.
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 non-implementation dependent core delay. 

This minimum depth is dependent on the actual statistics of the packet arrival time. As a first example, assume that all packets are delivered but that occasionally a packet transmission is delayed one DRX cycle and/or one HARQ re-transmission occurs. In order to not have to perceptually compensate for the late arriving packets, a minimum jitter buffer depth of [DRX cycle + 8 ms] is needed. As a second example, the QCI 1 bearer specifies (Table 6.1.7 TS 23.203) that 99% of the packets are delivered within 80 ms. Thus, assuming an LTE-to-LTE call with the full utilization of the admissible characteristics of QCI 1 on both links, a minimum jitter buffer depth of 160 ms is required to cover the possible packet arrival time variations.
To verify the operation of the UE jitter buffer management, it is proposed to measure the UE delay for LTE access in different jitter conditions, and base the delay requirements on the minimum jitter buffer depth needed for the specific condition in order to not lose packets arrived to the UE within a maximum delay variation. With this proposal, the UE for LTE access is verified to operate according to the diagram in Figure 1 with respect to the delay and lost packets/speech quality. 
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Figure 1: Preferred UE delay characteristics for varying transport conditions.
It is further proposed to measure UE delay for both 20 ms and 40 ms DRX cycle. Assuming a similar implementation dependent processing delay for LTE as for UMTS (note that the minimum jitter buffer depth is attributed to the non-implementation core delay), the UE delay requirement for LTE access is proposed to equal 

25 ms + 1 ms + 5 ms + [DRX cycle – 20ms] + [minimum jitter buffer depth] + 120/155 ms

The statistics from the two examples given above is considered to span the range of delay variations experienced in live operation, thus at least the four test conditions and requirements according to Table 1 are proposed. To verify that the jitter buffer management is fully adaptive, it is considered that some more operation points should be added to these boundary conditions.
Table 1: Proposed test conditions and requirements including rounding to the nearest 5 ms.
	
	DRX cycle

	
	20 ms
	40 ms

	Low jitter 
(DRX cycle + 8ms)
	0 ms + 28 ms + 151/186 ms ( + 1 ms)
180/215 ms
	20 ms + 48 ms + 151/186 ms ( + 1 ms)
220/255 ms

	QCI1 limit 
(160 + 8 ms)
	0 ms + 168 ms + 151/186 ms ( + 1 ms)
320/355 ms
	20 ms + 168 ms + 151/186 ms ( + 1 ms)
340/375 ms


3 Conclusion
In order to verify that the UE for LTE access has a jitter buffer management that correctly adapts to the given statistics of the packet arrival time variations, it is proposed to test the UE delay and speech quality for the full range of packet arrival time variations profiles spanned by the upper and lower limit according to Table 2. It is further proposed to verify this operation both for 20 and 40 ms DRX cycle setting. 

It is proposed to set the requirements based on a similar allowance for the UE specific processing delay needed for e.g. speech enhancement and radio transmission as for UMTS, and add to this UE specific processing delay the LTE access specific fixed and variable transmission delay. This is tentatively considered as [120/155] ms for the should/shall requirement, respectively.
Table 2: Proposed operating conditions and UE delay requirements.

	
	DRX cycle

	
	20 ms
	40 ms

	Low jitter 
(DRX cycle + 8ms)
	180/215 ms
	220/255 ms

	QCI1 limit (160 ms)
	320/355 ms
	340/375 ms
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