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1. Summary

At the last TSG RAN meeting (#4, June 17-19, 1999), the issue of Timing Advance for TDD was discussed. RAN WG1 and WG4 confirmed that they support this feature, so WG2 was asked to continue addressing the issue. The Layer 1 aspects of Timing Advance have been specified in TS25.224 [6]. However, the feature of Timing Advance also affects some RAN WG3 specs. So this input document proposes the suitable changes in the relevant WG3 specifications.

2. The Timing Advance mechanism for TDD

Timing Advance for TDD is documented in the RAN WG1 specification 25.224 [6] in chapter 6.5, “Timing Advance”, and also in a document submitted to TSG RAN #4 [1]. In [1], the mechanism has been described as follows: Due to the TDMA component of the UTRA TDD mode, the received signals from different users at the Node B have to be time aligned within certain limits. For small cells with a radius below 1.4 km, this alignment is sufficiently accurate even without timing advance. However in case of large cells, the use of timing advance for the uplink transmissions from the UE is needed to keep the timing of the received signals at the Node B in the required range. This „timing advance“ is in principle achieved in the following way:

· the NodeB L1 monitors the uplink signal bursts received from the UE and measures the „Uplink burst timing“. 

· Whenever required, this timing is reported from NodeB L1 over the Iub (and possibly Iur) interface to the RRC in the SRNC.

· The RRC decides if Timing Advance is required, and whenever this is the case, it sends an RRC message to the UE to order the UE to apply the corresponding Timing Advance value to the following uplink transmissions.

The transfer of the measured „Burst timing“ value from NodeB to RNC requires some extension of the respective uplink Iub Frame Protocol. Some cases must be distinguished:

1) Initial access request: In this case the Iub RACH Frame Protocol is involved.

2) Timing advance updating in the DCH/DCH mode: The Iub/Iur DCH Frame Protocol is involved.

3) Timing advance update during Uplink Shared Channel (USCH) usage: The USCH Frame Protocol will be involved.

The downlink transmission of the Timing Advance value to the UE shall be done within an RRC message. It is estimated that in the worst case, i.e. for very fast moving UEs, this may be required with an update frequency of one message every 10 seconds, but usually much smaller update frequencies are expected. The Iub and Iur protocols are transparent for these RRC messages.

3. Timing advance in case of access request on the RACH

For RRC Connection establishment ([2], ch. 9.3.1), the UE sends an RRC Connection Request in the CCCH channel over the RACH to the RRC. This message is transported within the RACH Data Stream User Plane Protocol over the Iub. Whenever required, the NodeB shall add the measured Uplink Burst timing value to the RACH data frame, as inband signalling to the RRC. So the Data Frame Structure of this RACH Data stream, as described in [3], should include the optional parameter “TDD: Uplink burst timing value”. (The parameter is also conditional, depending on the UTRA mode.)

4. Timing advance update while in DCH/DCH state

In the DCH/DCH state, the UE sends DCCH or DTCH data over the DCH to the SRNC. The NodeB shall – under certain circumstances – report a potential misalignment of the received uplink bursts to the RRC in the SRNC, such that the RRC can send a Timing Advance command to the UE whenever required. 

The proposal on how to transport this “UL burst timing” measurement value over the Iub/Iur is to include it as inband signalling in the UL DCH Data Frame on the Iub/Iur. The DCH Frame Protocol handler in the RNC would have to forward this measured value to the UE related RRC entity in the RNC, which then takes further action.

So it is proposed to include this “UL burst timing” parameter as an optional and conditional Information Element (IE) for TDD in the DCH Data Frame Structure for uplink data frames in [4]. The IE is “conditional” because it applies to TDD only, and it is “optional” because Timing Advance is an optional feature, required for “large cells” only, and even if Timing Advance is applied in a cell, the time misalignment measurement is only transmitted to the RNC from time to time.

5. Other scenarios

The impacts of the TDD Timing Advance feature on RAN WG3 specifications resulting from additional scenarios, in particular those where the UE uses Shared Channels (USCH/DSCH), are FFS. 

6. Proposal

6.1 Update of 25.427, DCH Frame Protocol

It is proposed to add the optional and conditional Information Element “TDD UL burst timing” to the DCH Data Frame structure in chapter 7.1 of [4], as follows (the change is underlined):


Information element
Description
Present on




UL
DL

Header
Frame Type
DCH data frame
X
X


Connection Frame Number
Connection Frame Number, indicator as to which radio frame the first data was received on uplink or shall be transmitted on downlink.
X
X


TDD UL burst timing
Measured timing of the UL bursts (optional; conditional for TDD)
X



Transport Format Indicators
List of TFI of the transport block sets contained in the frame
X
X

Payload
Quality Estimate
Used by macro-diversity function
X



Checksum indicator
Indicates if the transport block CRC is correct
X



Transport Block 1 of DCH1
This contains the data to/from the radio interface
X
X


:
CRCOK and TB are repeated for all transport blocks in all transport block sets




Checksum indicator
Indicates if the transport block CRC is correct
X



Transport Block N of DCH M
Last transport block in the last transport block set
X
X

Tail
DCH data frame checksum
Checksum of the header and payload
X
X

6.2 Update of 25.435, RACH Frame Protocol

It is proposed to include the optional Information Element “TDD UL burst timing” in the RACH Data Frame structure which will be described in chapter 5.1.1 of [3]. 

6.3 Update of 25.401, UTRAN Overall description

It is proposed to create a subchapter “TDD Radio Frame Synchronization” within the chapter 9.1.2 “Frame Synchronization” in [5] and to include the following text in that subchapter:

“In the UTRA TDD mode, the cells within the UTRAN are synchronized with respect to Radio Frame and Multiframe. For time alignment of the uplink radio signals from the UE to the UTRAN, timing advance can be applied whenever necessary. Timing advance is based on uplink burst timing measurements performed by the NodeB L1, and on Timing Advance commands sent downlink to the UE within RRC messages. The details are FFS.”
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