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1 Introduction

Currently, RAN WG1 specifications require the UE to be able to report to the network when the timing of the reception of a downlink signal is outside the valid range relative to the timing of the uplink transmission. However, the definition of what exactly is the “valid range” is not included in RAN WG1 specifications. Instead, reference to RAN WG4 is made. So far, RAN WG4 has not defined this “valid range”. Therefore, a definition of the valid range for the timing of the downlink reception as seen by the UE relative to timing of the uplink transmission is missing in 3GPP specifications. 

This document describes the current status of related requirements in 3GPP specifications and discusses a possible way forward to add the missing definition. Note that text copied from specifications is shaded in grey.

2 Current Status

In RAN WG1’s specification TS 25.214 [1], Section 4.3.4, the following requirement related to the UE transmission timing adjustment is stated:

“…

4.3.4 Transmission timing adjustments

During a connection the UE may adjust its DPDCH/DPCCH transmission time instant. 
If the receive timing for any downlink DPCCH/DPDCH in the current active set has drifted, so the time between reception of the downlink DPCCH/DPDCH in question and transmission of uplink DPCCH/DPDCH lies outside the valid range, L1 shall inform higher layers of this, so that the network can be informed of this and downlink timing can be adjusted by the network.

    NOTE:
The maximum rate of uplink TX time adjustment, and the valid range for the time between downlink DPCCH/DPDCH reception and uplink DPCCH/DPDCH transmission in the UE is to be specified by RAN WG4.
…”

This requirement not only allows the UE to adjust its transmission timing, but it also mandates L1 of a UE to report to higher layers when the receive timing of a downlink signal drifts outside the “valid range”. The Note in this requirement indicates that RAN WG4 has to specify the maximum rate of transmission time adjustment and the valid range for the receive timing. What RAN WG4 has done in this context so far, is reflected by the requirements in TS 25.133 [2], Section 7:

“…

7        Timing and Signalling characteristics

7.1
UE Transmit Timing

7.1.1
Introduction

The UE shall have capability to follow the frame timing change of the connected Node B. The uplink DPCCH/DPDCH frame transmission takes place approximately T0 chips after the reception of the first detected  path (in time) of the corresponding downlink DPCCH/DPDCH frame from the reference cell. T0 is defined in [2]. UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements.

7.1.2
Requirements

The UE initial transmission timing error shall be less than or equal to (1.5 Chip. The reference point for the UE initial transmit timing control requirement shall be the time when the first detected path (in time) of the corresponding downlink DPCCH/DPDCH frame is received from the reference cell plus T0 chips. T0 is defined in [2].
When the UE is not in soft handover, the reference cell shall be the one the UE has in the active set. The cell, which is selected as a reference cell, shall remain as a reference cell even if other cells are added to the active set. In case that the reference cell is removed from the active set the UE shall start adjusting its transmit timing no later than the time when the whole active set update message is available at the UE taking the RRC procedure delay into account.
The UE shall be capable of changing the transmission timing according the received downlink DPCCH/DPDCH frame. The maximum amount of the timing change in one adjustment shall be ¼ Chip.
The minimum adjustment rate shall be 233ns per second. The maximum adjustment rate shall be ¼ chip per 200ms. In particular, within any given 800*d ms period, the UE transmit timing shall not change in excess of +-1/4 chip from the timing at the beginning of this 800*d ms period, where 0≤d≤1/4.
…”


So in fact, RAN WG4 has defined not only the maximum rate of uplink transmission adjustments but also the minimum rate of uplink transmission adjustments (which is necessary in order to guarantee the support of a UE speed of up to 250 km/h) and the maximum amount of timing change per adjustment. It might be useful to list those additional quantities in the note contained in Section 4.3.4 of [1], see the previous citation. But what is still missing in [2], is a requirement on what is the “valid range” for the downlink reception relative to the uplink transmission.

An indication of what could be this “valid range” is given by the measurement reporting range for the UE Rx-Tx time difference type 1, see Section 9.1.9.1.2 in [2]: 

“…

9.1.9.1.2
UE Rx-Tx time difference type 1 measurement report mapping

The reporting range is for UE Rx-Tx time difference type 1 is from 768 ... 1280 chip.

…”

Since the desired UE Rx-Tx time difference is To=1024 chips, see Section 7.6.3 in TS 25.211[3], this would indicate a “valid range” of +/-256 chips relative to the ideal offset of 1024 chips from the uplink transmission. Also in RAN WG2 specifications, a “valid range” of  +/-256 chips seems to be assumed. For instance, the information element functional definitions in TS 25.331 [4], state:

“…

10.3.7.80
UE internal measurement reporting criteria

The triggering of the event-triggered reporting for a UE internal measurement. All events concerning UE internal measurements are labelled 6x where x is a, b, c…. In TDD, the events 6a - 6d are measured and reported on timeslot basis.

Event 6a: The UE Transmitted Power becomes larger than an absolute threshold

Event 6b: The UE Transmitted Power becomes less than an absolute threshold

Event 6c: The UE Transmitted Power reaches its minimum value

Event 6d: The UE Transmitted Power reaches its maximum value

Event 6e: The UE RSSI reaches the UEs dynamic receiver range

Event 6f: The UE Rx-Tx time difference for a RL included in the active set becomes larger than an absolute threshold

Event 6g: The UE Rx-Tx time difference for a RL included in the active set becomes less than an absolute threshold

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Parameters sent for each UE internal measurement event
	OP
	1 to <maxMeasEvent>
	
	

	>UE internal event identity
	MP
	
	UE internal event identity 10.3.7.75
	

	>Time-to-trigger
	MP
	
	Integer(0, 10, 20, 40, 60, 80, 100, 120, 160, 200, 240, 320, 640, 1280, 2560, 5000)
	Time in ms. Indicates the period of time between the timing of event detection and the timing of sending Measurement Report.

	>UE Transmitted Power Tx power threshold
	CV-clause 1
	
	Integer(-50..33)
	Power in dBm. In event 6a, 6b. 

	>UE Rx-Tx time difference threshold
	CV-clause 2
	
	Integer(768..1280)
	Time difference in chip. In event 6f, 6g.


	Condition
	Explanation

	Clause 1
	The IE is mandatory present if the IE "UE internal event identity" is set to "6a" or "6b", otherwise the IE is not needed.

	Clause 2
	The IE is mandatory present if the IE "UE internal event identity" is set to "6f" or "6g", otherwise the IE is not needed.


…”

This means that the network can ask the UE to report events 6f (i.e. the UE Rx-Tx time difference for a RL included in the active set becomes larger than an absolute threshold) or 6g (i.e.the UE Rx-Tx time difference for a RL included in the active set becomes less than an absolute threshold) for thresholds that are up to 256 chips apart from the ideal offset of 1024 chips before the uplink transmission timing.

So according to the “UE Rx-Tx time difference type 1” measurement reporting range and according to the way the network can set up the thresholds for reporting events 6f and 6g, the “valid range” for the reception timing of downlink signals seems to be +/- 256 chips around the ideal offset of 1024 chips before the uplink transmission timing.

3 Proposed way forward

In order to add the missing requirement on the “valid range” for the reception timing of downlink signals relative to the transmission timing of the uplink, we propose to add a new clause in Section 7 of TS 25.133 for Rel-99/Rel-4, that clearly states that a valid Rx range of +/- 256 chips relative to the ideal offset of To=1024 before the uplink transmission timing shall be supported. 

One should keep in mind that the signalling load, related to reporting the drift of downlink signals outside the valid Rx range, and the effort to adjust the timing of downlink transmissions (which is requiring the removal and addition of RLs in Rel-99) will become higher with decreasing size of the valid Rx range. Given that the initial downlink timing of a RL that has just been added to the active set can be as far as 148 chips apart from the centre of the valid Rx range, see Section 4.3.2 of 25.214 [1], it seems reasonable to have an additional 108 chips in the valid Rx range. In the worst case, this would correspond to a duration of 86.4 seconds for which an recently added RL could remain in the active set before it needs to be adjusted.

The following is a text proposal for the new clause:

“…

7.2
Valid Range for UE Rx Timing

7.2.1
Introduction

According to TS 25.214 [18], L1 of the UE shall inform higher layers if the receive timing for any downlink DPCCH/DPDCH in the current active set has drifted, such that the time between reception of the downlink DPCCH/DPDCH in question and transmission of uplink DPCCH/DPDCH lies outside the valid range, so that the network can be informed of this and downlink timing can be adjusted by the network. The valid range is defined in the following requirement.

7.2.1
Requirement

The valid range for the time between reception of the start of a radio frame on the downlink DPCCH/DPDCH of any radio link in the current active set and transmission of the start of the corresponding radio frame on the uplink DPCCH/DPDCH that is observable at the UE antenna connector is 768 … 1280 chips.   

…”

Furthermore, we would like to suggest that this valid range should be extended to 512 … 1536 chips for Rel-5 and later since this is in line with state-of-the-art technology and would reduce the burden for signalling and timing adjustment of downlink signals.

4 Conclusions

A very important requirement on the valid range for the reception timing of downlink signals relative to the uplink transmission is missing in RAN WG4 specifications. It is suggested to adopt a valid range of 768 … 1280 chips for Rel-99 and Rel-4. 
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