TSG-RAN Working Group 4 (Radio) meeting #24

R4-021249
Helsinki, Finland 12th -16th August, 2002
Source:
Qualcomm
Title:
Clarification of valid Rx window size
Agenda item:
5.7
Document for:
Discussion
1 Introduction

During meeting #24, RAN4 discussed the issue of defining a requirement on the valid range for the UE Rx-Tx time difference, also known as the “valid Rx window”, see contribution R4-020762 [1]. No conclusion could be reached so far. In off-line discussions during that meeting and later on in email exchange, RAN4 experts have expressed their views on this issue. Also proposals on changing the reporting range of the UE Rx-Tx time difference (type 1 & 2) have been made. 

This document describes the current status of related requirements in 3GPP specifications, points out a few limitations relative to the definition of the “valid Rx window” and discusses possible ways forward to solve the problem. Note that text copied from 3GPP specifications is shaded in grey.

2 Summary of current status in other 3GPP specifications

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.

In RAN WG1’s specification TS 25.214 [2], 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 [3], 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 [2], see the previous citation. But what is still missing in [3], is a requirement on what is the “valid range” for the downlink reception relative to the uplink transmission.

The measurement reporting range for the UE Rx-Tx time difference type 1 is defined as follows, see Section 9.1.9.1.2 in [3]: 

“…

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.

…”

The same limits of the reporting range are used for UE Rx-Tx time difference type 2 measurements. Just the reporting granularity is different in that case. Since the desired UE Rx-Tx time difference is To=1024 chips, see Section 7.6.3 in TS 25.211[4], this would indicate a “valid range” of +/-256 chips relative to the ideal offset of 1024 chips from the uplink transmission in terms of reporting  UE Rx-Tx time difference type 1 or 2 measurements. 

Also in RAN WG2 specifications, a “valid range” of  +/-256 chips is assumed. In order to comply with the L1 requirement to report to higher layers when DL signals have drifted outside of the “valid range” (as mandated by RAN1 specifications), L1 of the UE actually has to signal events 6f or 6g according to TS 25.331 [5]. The corresponding information element functional definitions in TS 25.331 [5], 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 as well as type 2) 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 reporting timing of downlink signals seems to be +/- 256 chips around the ideal offset of 1024 chips before the uplink transmission timing.

In In RAN WG1’s specification TS 25.214 [2], section 4.3.2.4, the initial accuracy of DL signals that are added to the active set is defined to be +/- 148 relative to the ideal Rx timing, which is To before the UE Tx timing:

“…

4.3.2.4 Synchronisation procedure B

The synchronisation procedure B, which begins at the time indicated by higher layers (either immediately at receipt of upper layer signalling, or at an indicated activation time) is as follows:

a)
The following applies to each Node B involved in the procedure:

            -
New radio link sets are set up to be in initial state.

            -
If one or several radio links are added to an existing radio link set, this radio link set shall be considered to be in the state the radio link set was prior to the addition of the radio link, i.e. if the radio link set was in the in-sync state before the addition of the radio link it shall remain in that state.

b)
UTRAN starts the transmission of the downlink DPCCH/DPDCH for each new radio link at a frame timing such that the frame timing received at the UE will be within T0 ( 148 chips prior to the frame timing of the uplink DPCCH/DPDCH at the UE. Simultaneously, UTRAN establishes uplink chip and frame synchronisation of each new radio link. Frame synchronisation can be confirmed using the frame synchronization word. Radio link sets considered to be in the initial state shall remain in the initial state until N_INSYNC_IND successive in-sync indications are received from layer 1, when Node B shall trigger the RL Restore procedure indicating which radio link set has obtained synchronisation. When RL Restore is triggered the radio link set shall be considered to be in the in-sync state. The parameter value of N_INSYNC_IND is configurable, see [6]. The RL Restore procedure may be triggered several times, indicating when synchronisation is obtained for different radio link sets.

c) 
The UE establishes chip and frame synchronisation of each new radio link. Layer 1 in the UE keeps reporting downlink synchronisation status to higher layers every radio frame according to the second phase of sub-clause 4.3.1.2. Frame synchronisation can be confirmed using the frame synchronization word.
…”

This requirement implies that a UE needs to be at least capable of demodulating and combining DL signals that are received within a window of  +/- 148 around the reference Rx timing. Furthermore, TPC command combining at the UE needs also to be processed correctly for DL signals that are set-up with a valid initial timing.

3 Limitations

3.1 Frequency error at Node B

TS 25.104 [6], section 6.3.1 specifies the frequency accuracy of the UTRAN to be ±0.05ppm. This implies the frequency error between two Node Bs will be < 0.1ppm. As a result, we will see a relative DL signal timing drift due to Node B frequency drift of up to 0.1ppm.  For 3.84 Mcps, this becomes 0.384 chips per second.

When a new radio link is added to the active set, its frame boundaries have to be aligned to 256 chips multiples.  This will result in an initial difference of DL frame boundaries relative to the ideal Rx timing of up to 128 chips in a soft handover situation. Not assuming any UE motion and assuming the “valid range” for demodulating and combining of DL signals would be a window of  +/- 148 around the reference Rx timing, this would result in a time of 

20 chips / 0.384 chips per second = 52.1 seconds

after which the recently added radio link would need to be adjusted of removed. Note that the assumption of a worst-case difference of the initial DL signal Rx timing of 128 chips with respect to the ideal reference Rx timing does not take into account any margin due to measurement errors or DL set-up inaccuracies, which would in fact increase the worst-case difference.

3.2 UE motion

Motion of the UE will further limit the time during which a radio link may remain in the “valid range”. Assuming a UE that is located between two Node Bs and is moving towards (or away from) the reference Node B with a speed of 120 km/h, the drift of the reference Rx timing will be 

3.84e6 chips per second * (120 / 3.6) m/s  / (3e8 m/s ) = 0.427 chips per second.

In such a situation the drift of the DL Rx timing of the second (non-reference) Node B as seen at the UE relative to the reference Rx timing would be 0.853 chips per second. Adding that to the worst-case drift due to frequency errors in the Node Bs, the resulting drift would become 1.237 chips per second. Assuming again that the “valid range” for demodulating and combining of DL signals would be a window of  +/- 148 around the reference Rx timing, this would result in a time of 

20 chips / 1.237 chips per second = 16.2 seconds

after which the recently added radio link would need to be adjusted of removed. For a speed of 250 km/h this time would further be reduces to 9.25 seconds.

3.3 Reporting of events 6f and 6g and UE Rx-Tx time difference

A definition of of a “valid range” for demodulating and combining of DL signals and correct processing of TPC command combining (with appropriate power adjustment in the subsequent slot) does not need to be tied to a definition of a  “valid range” for the purpose of reporting events 6f and 6g as well as reporting measurements of the UE Rx-Tx time difference.

For instance, if a UE cannot use a DL signal for demodulation and combining because of a too large difference of the Rx timing relative to the reference Rx timing, it would still be essential for soft handover operation to correctly report events 6f and 6g according to the timing thresholds given in TS 25.331 [5] (up to +/- 256 chips) and to assess correct values for UE Rx-Tx time difference measurements. Inappropriate setting of the timing thresholds for events 6f and 6g can result is rather high reporting rates for these events. In particular in situations with more than two members in the active set, reporting of events 6f and 6g could occur excessively often if the timing thresholds would be forced to be close to +/- 148 chips.

4 Possible ways forward

4.1 No differentiation between “valid range” for the purpose of measurement/event reporting and for the purpose of demodulation and combining 

One possible way forward would be to define a single “valid range” for the UE Rx-Tx time difference, both, for the purpose of measurement/event reporting and for the purpose of demodulation and combining.

This option has a few major drawbacks:

· Once a DL signal has drifted out of the “valid range”, reporting of events or measurements would not provide the desired information for correcting the invalid DL timing.

· Depending on implementation, the feasible size of the “valid range” could be dominated by the demodulation and combining capabilities of a UE although a larger “valid range”  for reporting purposes would be feasible.

· If the “valid range” would become too small for reporting, an excessive signalling rate for events 6f and 6g could occur.

Actually in R4-021133 [7] and R4-021192 [8], it is suggested to use the a single “valid range” of +/- 148 chips for demodulation and combining requirements and for reporting of UE Rx-Tx time difference measurements. This range is the same as the requirement on the initial DL signal-timing set-up. The justifications for these proposals are:

· “Valid range” for demodulation/combining: No technical justification is presented.

· Reporting range for UE Rx-Tx time difference measurement: Alignment with UTRAN RTT measurement

Comments on the proposed “valid range” for Rx timing of DL signals for demodulation/combining:

· If the “valid range” for Rx timing of DL signals as seen at the UE is identical to the initial DL timing set-up requirement, it could happen (in theory) that immediately after DL set-up, a radio link might have to be adjusted (which is requiring the removal and addition of RLs in Rel-99). 

· Even if the UTRAN is never using up the complete allowance for the initial DL timing set-up – which according to the specifications cannot be guaranteed  – very short time periods between additions and adjustments of radio links could result, see sections 3.1 and 3.2. 

· Therefore, it is strongly recommended to add some margin to the initial DL timing accuracy to define the “valid range” for the Rx timing as seen at the UE.

Comments on the proposed changes to reporting ranges for UE Rx-Tx time difference measurements:

The minimum reporting value for UTRAN RTT measurements is defined to be 876 chips. Since the RTT measurement can be used in conjunction with UE Rx-Tx time difference measurements to derive a round trip delay (RTD) by subtracting the UE Rx-Tx value from the RTT value, it is suggested that the reporting range for UE Rx-Tx time difference measurements is reduced from 768…1280 chips to 876…1172 chips. The justification for this is that the lower bounds of these two measurements should be aligned. 

· Actually there is no need for that. Even if the RTT measurement report is lower bound by a value of 876 chips it is better to know the correct UE Rx-Tx time difference when the UE Rx-Tx time difference is below 876 chips than just discarding this information. In fact the resulting accuracy of an RTD calculation would become worse. This effect is illustrated in Figure 1 and Figure 2. Both figures show the error of an calculated RTD value in chips as a function of the actual (true) UE Rx-Tx time difference and the actual (true) RTT for different reporting ranges of the UE Rx-Tx time difference. Figure 1 is valid for the specified reporting range of the UE Rx-Tx time difference measurements and Figure 2 is valid for the new proposal. It is obvious that there is a severe degradation of the RTD measurement for many combinations of UE Rx-Tx time difference and RTT.

· It is also inconsistent to use the alignment with the lower limit of the RTT measurement as a justification to change the upper limit of the UE Rx-Tx time difference measurement reporting range as well. 

· In cases when the RTT would become lower than 876 chips, the UE needs to be very close to the respective Node B. It seems not very likely that at the same time a different Node B would be the reference for UE Tx timing adjustments.

· If any improvement or alignment of UTRAN RTT and UE Rx-Tx time difference is deemed to be necessary at this point, it would be much more constructive to change the lower limit of the UTRAN RTT measurement to 768 chips. This would result in an RTD error as depicted in Z

· Furthermore, changing the reporting range of the UE Rx-Tx time difference measurement would require several changes in signalling specifications. For instance, the specified range for timing thresholds of events 6f and 6g would be incompatible. This seems not acceptable at such a late stage. 

[image: image1.emf]
Figure 1. RTD error as a function of actual RTT and UE Rx-Tx values assuming specified UE Rx-Tx reporting range (768 ... 1280 chips).

[image: image2.emf]
Figure 2. RTD error as a function of actual RTT and UE Rx-Tx values assuming proposed UE Rx-Tx reporting range (876 ... 1172 chips).

[image: image3.emf]
Figure 3. RTD error as a function of actual RTT and UE Rx-Tx values assuming specified UE Rx-Tx reporting range (768 ... 1280 chips) and modified lower limit for RTT reporting range (768 chips).

4.2 Differentiation between “valid range” for the purpose of measurement/event reporting and for the purpose of demodulation and combining

In off-line discussions during meeting #24 and in email exchange it was suggested to use different definitions of “valid range” for reporting of events/measurements and for meeting demodulation/combining requirements. This approach has some advantages:

· Once a DL signal has drifted out of the “valid range”, reporting of events or measurements would still provide the desired information for correcting the invalid DL timing.

· The feasible size of the “valid range” could eventually be much larger than the range to be used for demodulation/combining as the memory/processing requirement for performing the measurements are not as demanding as for demodulation/combining.

· Using appropriate ranges could prevent excessive signalling rate for events 6f and 6g.

Keeping in mind that at least a small margin relative to the initial DL signal-timing set-up requirement should be used to prevent very short time periods between DL timing adjustments, it is suggested to use a “valid range” of +/- 168 chips around the reference Rx timing for the purpose of demodulation and combining requirements (including correct TPC command combining). 

Furthermore, it is suggested to keep the “valid range” for the purpose of event 6f and 6g reporting and UE Rx-Tx time difference measurement reporting at +/- 256 chips around the reference Rx timing. This is in line with existing specifications.

5 Conclusions

A very important requirement on the valid range for the reception timing of downlink signals relative to the UE uplink transmission is missing in RAN WG4 specifications. It is suggested to adopt a valid range of 856 … 1192 chips for the purpose of meeting demodulation and combining requirements (including TPC command combining) and 768 … 1280 chips for the purpose of reporting UE Rx-Tx time difference measurements and reporting of events 6f & 6g. 

An appropriate CR to section 7 of TS 25.133 for Rel-99 (and Rel-4, Rel-5) could be drafted during this RAN4 meeting pending consensus on this issue.

Finally, it should be investigated how the network could eventually benefit from UEs that can handle more than the required minimum ranges for the reception timing. If the network did have information about such UE capabilities, event reporting rates (for 6f and 6g) and rate of DL adjustments could be reduced – in some cases even significantly. It might be helpful to consult with RAN WGs 1 & 2 on this subject.
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