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1. Introduction

At RAN1#17, WG1 discussed on 1.28 Mcps TDD measurement for propagation delay when PRACH is sent and agreed that 1.28 Mcps TDD needs slightly different measurement for propagation delay from that of 3.84 Mcps TDD[1]. 

In this contribution, detail discussion is described on 1.28 Mcps TDD measurement for propagation delay and the text for signalling support for the measurement is proposed to be added in TR 25.937.

2. Discussion
In FDD or 3.84 Mcps TDD, the propagation delay or round trip delay is measured by comparing the timing of the arrival of the PRACH and the boundary of the (access) timeslot. In 1.28 Mcps TDD, however, it is not possible to use the same mechanism to measure the propagation delay because of the unique frame structure and the uplink synchronization technique. To be more specific, the UE transmits the PRACH advanced in time so that the received PRACH by Node B is time aligned with other codes in the same timeslot, and Node B does not know by how much time the UE transmitted the PRACH in advance. 

2.1 Uplink Synchronization Procedure
To measure the propagation delay, it is essential to understand the uplink synchronization procedure of 1.28 Mcps TDD. The synchronization procedure described in TR 25.928 is as follows[2].

First, a UE acquires downlink synchronization by using the DwPCH, and the propagation delay can be roughly estimated from the estimated path loss of DwPCH and/or P-CCPCH. Since the estimated path loss does not reflect the channel environment, the estimate of the propagation delay is not very accurate. Using this information, the UE aims to ensure that the UpPCH is received starting after the DwPCH and ending before the beginning of the first UL time slot at the NodeB. The sophisticated UEs can transmit UpPCH advanced in time by UpPCHADV from the end of the 96 chip guard period, where UpPCHADV can be determined, for example, based on the estimated propagation delay in which case approximately UpPCHADV = 2 x {estimated propagation delay}. This is to aim at the timeslot UpPTS. See figure 1 for an illustration. Since, UpPCHADV can be obtained from the path loss, UpPCHADV is not very accurate. For simple UEs the propagation delay is not estimated those can transmit their UpPCH immediately after the DwPCH. Furthermore, Node B measures the received starting position of the UpPCH denoted UpPCHPOS in the figure. The reference time (UpPCHPOS = 0) is two symbols prior to the end of the DwPCH. The received starting position of the UpPCH with respect to this reference UpPCHPOS is sent to UE on FPACH, and UE adjusts its Tx timing of PRACH by UpPCHPOS. The definition of UpPCHADV and UpPCHPOS are as follows.

· UpPCHADV: Difference between the Rx timing and initial Tx timing of a UE.

· [image: image1.wmf] 

Header CRC

 

CFN

 

First TB

 

CRCI of

 

first TB

 

Payload

 

CRCI of

 

lastTB

 

TFI

 

FT

 

Propagation delay

 

First TB

 

Pad

 

Pad

 

7

 

0

 

Payload CRC

 

Payload C

RC (

 

cont

 

)

 

Last TB

 

Last TB

 

Pad

 

Rx Timing Deviation on RACH

 

Conditional FDD

 

Conditional

 

3.84Mcps

 TDD

 

Header

 

Spare Extension

 

Spare

 

UpPCHPOS: Received starting position of the UpPCH. The reference time (UpPCHPOS = 0) is two symbols prior to the end of the DwPCH. Any received starting position of the UpPCH after that point of time is positive.

Figure 1. Timing of the UpPCH Transmission.

2.2 The Measurement of Propagation Delay

As shown in section 2.1, knowing the received timing of UpPCH or PRACH does not allow the Node B to measure the propagation delay, because the transmission timing of those physical channels are adjusted by the UE for uplink synchronization. Instead, the propagation delay can be calculated from UpPCHADV and UpPCHPOS. Since UpPCHADV is already known to the UE, the UE can transmit the value UpPCHADV to SRNC using RRC message. UpPCHPOS can be measured by Node B and it can be transmitted to SRNC using RACH Frame. Then SRNC can calculate the propagation delay using UpPCHPOS signalled by UE and UpPCHADV signalled by Node B.

Propagation Delay = (UpPCHADV – UpPCHPOS + 8*16 TC) / 2.

2.3 Definition for the Measurement of Propagation Delay
The following definitions are agreed by WG1 to be added to the Working CR for 1.28 Mcps TDD[3].
5.2.2.1 Received SYNC_UL Timing Deviation for 1.28 Mcps TDD

Definition
‘Received SYNC_UL Timing Deviation’ is the time difference 

UpPCHPOS = UpPTSTS – UpPTSRxpath 

 where

UpPTSRxpath: time of the reception in the Node B of the SYNC_UL to be used in the uplink synchronization process

UpPTSTS: time instance two symbols prior to the end of the DwPCH according to the Node B internal timing

UE can calculate Round Trip Time (RTT) towards the UTRAN after the reception of the FPACH containing UpPCHPOS transmitted from the UTRAN.

Round Trip Time RTT is defined by

RTT = UpPCHAVD- UpPCHPOS + 8*16 TC
Where

UpPCHADV: the amount of time by which the transmission of UpPCH is advanced in time relative to the end of the guard period according to the UE Rx timing.

3. Proposal

To support 1.28 Mcps TDD measurement for propagation delay on RACH, it is proposed that UpPCHPOS is transmitted from NodeB to SRNC using RACH Frame and corresponding text proposal is added in TR25.937. 
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Iub/Iur aspects of Uplink synchronisation

8.1
Introduction

This aspect includes the following bullets listed in [2]:

· Special Layer1-Synchronisation Shift (SS) symbols 

· Number of used SS symbols can take 3 values

· SS-symbols are transmitted once per subframe
In principle, this feature replaces or complements the “Timing advance” function which is performed by higher layer interaction in TDD-high.

8.1.1 

The establishment of uplink synchronization

8.1.1.1 
Preparation of uplink synchronization (downlink synchronization)

When a UE is powered on, it first needs to establish the downlink synchronisation with the cell as describe in [3] about cell search procedure.  Only after the UE can establish and maintain the downlink synchronisation, it can start the uplink synchronisation procedure. 

8.1.1.2 
Establishment uplink synchronization

Although the UE can receive the downlink synchronization signal from the Node B, the distance to Node B is still uncertain which would lead unsynchronised uplink transmission. Therefore, the first transmission in uplink direction is performed in a special time-slot UpPTS to reduce interference in traffic time-slots.

The timing used for the SYNC1 burst are set e.g. according to the received power level of DwPTS and/or P-CCPCH. 

At the detection of the SYNC1 sequence in the searching window, the Node B will evaluate the received power levels and timing, and reply by sending the adjustment information to UE to modify its timing and power level for next transmission and for establishment of the uplink synchronisation procedure. . Within the next 4 sub-frames, the Node B will send the adjustment information to the UE (in a single subframe message in the FPACH) The uplink synchronisation procedure, normally used for a random access to the system, can also be used for the re-establishment of the uplink synchronisation when uplink is out of synchronisation.

8.1.2.
 Maintenance of uplink synchronisation

For the maintenance of the uplink synchronization, the midamble field of each uplink burst can be used. 
In each uplink time slot the midamble in each UE is different. The Node B can estimate the power level and timing shift by measuring the midamble field of each UE in the same time slot. Then, in the next available downlink time slot, the Node B will signal the Synchronisation Shift (SS) and the Power Control (PC) commands to enable the UE to properly adjust respectively its Tx timing and Tx power level. 

These procedures guarantee the reliability of the uplink synchronisation. The uplink synchronization can be checked once per TDD sub-frame. The step size in uplink synchronization is configurable and re-configurable and can be adapted from 1/8 chip to 1 chip duration. The following updates for UL synchronization are possible: 1 step up; 1 step down; no update.

[Explanation difference:]

For high chip rate option ,  uplink synchronisation is mentioned in 4.3 of [16]. But the implementation method is a little different with the low chip rate option. For low chip rate option, the establishment of the UL synchronization is done by using the UpPTS and the FPACH. 

 It allocates a unique time slot UpPTS for UE to establish uplink synchronisation in the access procedure. The benefit of this method is when the UE wants to do random access, the P-RACH will have minimum interference to other traffic channel. Vice versa, it will also reduce the interference from traffic channels to P-RACH. 

8.2
Requirements

8.3
Study areas

8.4
Agreements and associated contributions

8.5
Specification impact and associated Change Requests

It is expected that this Iub/Iur protocol aspects has impacts on the following Specifications:

[8] ,[9],[10],[11],[12],[13],[15].

8.5.1 Impact on UTRAN Overall Description

In chapter 6 “UTRAN Architecture” of [8],some details might be added to the third paragraph:

“A Node B can support FDD mode, TDD mode or dual-mode operation. There are two options in TDD mode,1.28Mcps TDD option and 3.84Mcps TDD option.”

In chapter 7 “UTRAN functions description” of [8]:

In the section 7.2.4.14 “[TDD - Timing Advance]”, some details might be added because the function implementation is quite different between 1.28Mcps TDD option and 3.84Mcps:

“This function is used in uplink to align the uplink radio signals from the UE to the UTRAN. In 3.84Mcps TDD option,Timing advance is based on uplink burst timing measurements performed by the Node B L1, and on Timing Advance commands sent downlink to the UE. In 1.28Mcps TDD option,the Timing Advance function can be achieved by uplink synchronization procedure .”

In addition, in chapter 9 “Synchronisation” of [8], the "uplink synchronisation" function might be added to the list of UTRAN functions related to synchronisation.

8.5.2 Impact on UTRAN Synchronisation

In,chapter 4 “Synchronisation Issues” of [15], the issue “uplink synchronization” for 1.28Mcps TDD might be included in the section 4.1 “general” of [15]:

“Different synchronisation issues are identified within UTRAN, i.e.:
-
Network Synchronisation;

-
Node Synchronisation;

-
Transport Channel synchronisation;

-
Radio Interface Synchronisation;

-   Time Alignment handling.

-   uplink synchronization”

So the Synchronisation Issues Model of Figure 1  might be changed for including uplink synchronisation. The details are FFS.

It is suggested that add the summary of Uplink synchronization into new section 4.X and the details into a new chapter X.

Since the Timing Advance function implementation is quite different between 1.28Mcps TDD option and 3.84Mcps, it is suggested for section 8.3 “TDD Radio interface Synchronisation”, to change the title of section 8.3.4 “Timing Advance” to “Timing Advance for 3.84Mcps” and add a new section 8.3.X “Timing Advance for 1.28Mcps”.

8.5.3 Impact on the DCH user plane protocols

In principle, the “uplink synchronisation” feature in 1.28Mcps TDD replaces or complements the “timing advance”function which is performed by higher layer interaction in 3.84Mcps.

The title of chapter 5.6 “Rx timing deviation measurement[TDD]” shall be changed to “Rx timing deviation measurement[3.84Mcps TDD]”,because the procedure is applicable in 3.84Mcps TDD option only.

8.5.4 Impact on the Iub common transport channel user plane protocols

The same reason as above, in [13], The title of chapter 5.7
“Timing Advance [TDD]” shall be changed to “Timing Advance [3.84 Mcps TDD]”.

the chapter 6.2.1 “RACH channels”,the RACH Data Frame structure showed in Figure 13 shall be changed as follows:
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And the discription shall be changed as follows: “Rx Timing Deviation is a conditional Information Element which is only present when the Cell supporting the RACH Transport Channel is a 3.84Mcps TDD Cell.”

the chapter 6.2.6 “Uplink Shared Channels[TDD]”,the USCH Data Frame structure showed in Figure 21 shall be changed as follows:
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8.5.5 Impact on other WG3 Specifications and TRs

It is expected that the Iub/Iur aspects of uplink synchonisation have an impact also on the Specifications [9], [10],  and [12] because it may influence the physical channel handling procedures. In this TR, these aspects will be covered implicitely in chapter 6 where the physical channel types are addressed.

8.6
Open issues

9
Iub/Iur aspects of Measurements

9.1
Introduction

This aspect includes the following bullets listed in [2] 

· Ranges and accuracy have to be adapted for the low chip rate option.
In principle, this issue relates to

· measurements to be performed by Node B and to be reported to DRNC/SRNC, and

· measurements performed by UE, reported to SRNC or CRNC, and used by SRNC, DRNC or Node B.
Due to the different power control and uplink synchronisation concept, different measurements are expected.
9.2
Requirements

9.3
Study areas
9.3.1 Propagation delay measurement
For SRNC to measure the propagation delay when PRACH is sent, the following two measurement values can be used. 
· UpPCHADV: Difference between the Rx timing and initial Tx timing of a UE.
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Figure 1. Timing of the UpPCH Transmission.
Definition
‘Received SYNC_UL Timing Deviation’ is the time difference 

UpPCHPOS = UpPTSTS – UpPTSRxpath 

 where

UpPTSRxpath: time of the reception in the Node B of the SYNC_UL to be used in the uplink synchronization process

UpPTSTS: time instance two symbols prior to the end of the DwPCH according to the Node B internal timing

UE can calculate Round Trip Time (RTT) towards the UTRAN after the reception of the FPACH containing UpPCHPOS transmitted from the UTRAN.

Round Trip Time RTT is defined by

RTT = UpPCHAVD- UpPCHPOS + 8*16 TC
Where

UpPCHADV: the amount of time by which the transmission of UpPCH is advanced in time relative to the end of the guard period according to the UE Rx timing.

Since UpPCHADV is already known to the UE, the UE can transmit the value UpPCHADV to SRNC using RRC message. UpPCHPOS can be measured by Node B and it can be transmitted to SRNC using RACH Frame. Then SRNC can calculate the propagation delay using UpPCHPOS signalled by UE and UpPCHADV signalled by Node B.

Propagation Delay = (UpPCHADV – UpPCHPOS + 8*16 TC) / 2.

9.4
Agreements and associated contributions
9.4.1 Impact on the Iub common transport channel user plane protocols

The chapter 6.2.1 “RACH channels”,the RACH Data Frame structure showed in Figure 13 shall be changed as follows:
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And the discription shall be changed as follows: “Rx Timing Deviation is a conditional Information Element which is only present when the Cell supporting the RACH Transport Channel is a 3.84Mcps TDD Cell.”
Additional discription shall be added as follows: “Received SYNC_UL Timing Deviation is a conditional Information Element which is only present when the Cell supporting the RACH Transport Channel is a 1.28Mcps TDD Cell”.
In the chapter 6.2.7.x  [1.28 Mcps TDD- Received SYNC_UL Timing Deviation] shall be included as follows:
6.2.7.x
[1.28 Mcps TDD — Received SYNC_UL Timing Deviation]

Description: Received SYNC_UL Timing Deviation is defined as the time deference between UpPTSRxpath  and UpPTSTS  where UpPTSRxpath is time of the reception in the Node B of the SYNC_UL to be used in the uplink synchronization process  and UpPTSTS is time instance two symbols prior to the end of the DwPCH according to the Node B internal timing . 
Value range: {0 – 256 chips}.

Granularity: 1 chips.

Field length: 8 bits.

9.5
Specification impact and associated Change Requests

It is expected that this Iub/Iur protocol aspects has impacts on the following Specifications:

[9],[10],[11],[12],[13].
9.6
Open issues
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