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1 Introduction
The LTE requirements TR [1] requires that LTE must support standalone operation in unpaired spectrum and must co-exist with GERAN / 3G on adjacent channels.
An OFDM or FDMA based air interface is equally applicable to use in paired and unpaired spectrum [2]. This document discusses frame structure, pilot structure and numerology aspects of the OFDM / FDMA based E-UTRA air interface that are applicable to TDD mode operation in unpaired spectrum.

In order to meet the LTE requirement for standalone operation in unpaired spectrum, the E-UTRA air interface that is to be evaluated needs to support the following features:

· Timing advance of uplink channels

· Coexistence with Release 6 UTRA TDD

· Pilot structures that are self contained within a timeslot

· Synchronisation channels only occupy downlink timeslots

In order to achieve the performance benefits that can be attained by the TDD mode of operation, it is highly desirable that the E-UTRA air interface that is evaluated has the following properties:
· Takes advantage of channel reciprocity when available in TDD mode operation

· Supports asymmetric traffic by allowing the amount of uplink and downlink resource to be varied

· Supports small resource granularity to allow for uplink and downlink signaling channels

· Allows for low latency for a variety of cell sizes and deployment scenarios
This document considers the TDD specific aspects of E-UTRA operation and describes how these aspects affect the frame structure and numerology for a unified air interface for paired and unpaired spectrum modes of operation.

2 TDD Aspects of Unpaired Spectrum Operation

2.1 Timing Advance

Uplink transmissions in a TDD mode of operation need to be timing advanced in order to arrive with a degree of synchronicity at the basestation and to avoid overlap at the basestation between times during which the receiver needs to be active and those times during which the transmitter is active.  Thus, the downlink is prevented from interfering with the uplink signals.
The maximum required timing advance at the UE transmitter depends on the cell radius and speed of propagation:
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E-UTRA should meet performance targets at cells radii of 5km, should achieve slightly degraded performance at 30km and operation at a cell radius of 100km should not be precluded. The required timing advances for these cell radii are given below.

	Cell radius
	Timing advance 

	5km
	33.3s

	30km
	200s

	100km
	667s


The E-UTRA air interface thus needs to support idle periods either at the beginning or end (or both) of the E-UTRA timeslot / sub-frame. Note that these idle periods are required for the support of timing advance: the cyclic prefix used in OFDM / FDMA is the feature that accounts for the delay spread in the channel. 
2.2 Support for Asymmetric Traffic Profiles

TDD mode of operation is well suited to the support of asymmetric traffic profiles as the uplink / downlink split can be optimized to the uplink / downlink load ratio. 

The OFDM / FDMA E-UTRA frame structure should thus support variable uplink / downlink splits within the frame structure and should support multiple switching points within the frame (in order to support low latency operation where the TTI is shorter than the frame duration). The asymmetry of traffic may also be supported by allowing for different timeslot structures in order to proportion overhead for timing advance to either uplink or downlink according to the uplink / downlink traffic profile.
2.3 Coexistence with Release 6 UTRA TDD

It should be possible for E-UTRA TDD to co-exist with Release 6 UTRA TDD. To enable this coexistence, it should be possible to operate an E-UTRA TDD carrier synchronously to a Release 6 UTRA TDD carrier as this helps to mitigate UE to UE interference between adjacent channels. UE to UE interference can be mitigated when the uplink (and downlink) transmissions on each carrier are synchronized. It is thus clear that to optimise coexistence between E-UTRA TDD and UTRA TDD, the timeslot (and minimum TTI) duration of E-UTRA must be equal to the timeslot duration of UTRA TDD. Hence, it is proposed that the E-UTRA TTI is 0.667ms (or an integer multiple thereof). 
2.4 Pilot Structures

The E-UTRA timeslots should be self-contained in both uplink and downlink in order to allow for efficient support of packet services and to allow for switching between uplink and downlink when E-UTRA is operated standalone in unpaired spectrum.  This also means that the RF components of the receivers need only be active for the duration of the active transmission, which can prolong the battery life in the UE.
2.5 Synchronisation Aspects

Synchronisation reference signals need to be provided in E-UTRA [3]. These synchronization reference signals are used to:
· acquire frequency synchronization (adjust for frequency offset of the mobile oscillator);

· identify the best cell the mobile should be served by;

· acquire the frame timing synchronization to the best cell;

· provide a mechanism to determine the ID of the best cell, e.g. a pointer to where the mobile can find the ID. 
When E-UTRA is operated standalone in unpaired spectrum, the E-UTRA carrier is shared between uplink and downlink transmissions and the uplink / downlink split can be variable. For standalone operation in unpaired spectrum there must however be at least one downlink timeslot (and at least one uplink timeslot).

Hence, it is not possible for the synchronisation reference signals in E-UTRA to be continuous in every timeslot in the frame (since some timeslots are allocated as uplink). The reference synchronisation signals must thus be self contained within a single timeslot within the frame (as the minimum downlink that can be applied to TDD E-UTRA is a single timeslot). 
To provide the greatest commonality between E-UTRA operating in paired spectrum and E-UTRA operating in unpaired spectrum, the synchronization signals should be identical when operating in both modes of operation. Hence in both paired and unpaired modes of operation, the synchronization reference signals should be confined to a single timeslot within the frame (in line with the frame structure proposed in [4]. It is thus proposed that the frame structure adopted for E-UTRA should have the form shown in Figure 1 from a synchronization perspective. 
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Figure 1 - Synchronisation aspects of E-UTRA frame structure
2.6 Channel Reciprocity

Due to channel reciprocity in TDD, the channel state in the uplink is identical to the channel state in the downlink (for a given Tx/Rx antenna pair and within the coherence time of the channel). The E-UTRA air interface should take advantage of channel reciprocity when operated standalone in unpaired spectrum. It should thus be feasible to reduce the amount of (or in some cases eliminate) channel state information signaling when operating E-UTRA standalone in unpaired spectrum.  
2.7 Resource Granularity

It should be possible to support a fine granularity of resource in E-UTRA for both traffic and signaling:
· For traffic data, an allocation unit size of 200kHz × 0.667ms as proposed in [6] provides a reasonable granularity of resource allocation (this quantum of resource is broadly equivalent to a single SF16 code in a timeslot in CDMA).

· For signaling, it should be possible to apply a finer granularity of resource. For example, HARQ feedback signaling (either from the UE or from the Node B) may consist of a single bit (ACK / NACK) and a granularity of the order of several subcarriers (30kHz) may be more appropriate for such signaling. Note that while the quantum of resource for signaling is or the order of several subcarriers, frequency domain spreading (e.g. MC-CDMA) may be applied to provide frequency diversity. 

2.8 Low Latency Operation

E-UTRA is required to support both low latency and high peak data rate operation.

In order to support low latency operation, it should be possible to insert uplink timeslots immediately after downlink timeslots even in large cells. Since the uplink transmissions will be timing advanced into the downlink transmissions, it is essential that the downlink and uplink timeslots can contain idle symbols.
In order to support high peak data rates, it is important that the greatest number of OFDM / FDMA symbols as possible can be accommodated in an E-UTRA timeslot.

To satisfy these conflicting requirements, it is proposed that the timeslot format for E-UTRA in unpaired spectrum is variable (when used in paired spectrum, it may be possible to use a single timeslot format).

For example, when operating a low latency high data service with an asymmetric traffic profile that is biased towards downlink traffic, the timeslots could be constructed as follows (assuming a symbol duration of 60.606s in a 0.6667ms frame [5] and a 5km cell range):

· downlink timeslot consists of 11 contiguous symbols

· uplink timeslot consists of a precursor idle symbol to allow for timing advance of the uplink transmission, 9 contiguous traffic symbols and a postcursor idle symbol to allow for non-connected user random access 
The use of these timeslot formats for the support of high peak data rate, low latency E-UTRA operation in unpaired spectrum is shown in Figure 2. 
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Figure 2 - timeslot structures for uplink and downlink to support low latency in 5km cells

When E-UTRA in unpaired spectrum is employed in 30km cells (where a timing advance of 200s is required), the uplink timeslot can be modified by supporting more idle symbols and fewer traffic symbols as shown in Figure 3.
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Figure 3 - timeslot structures for uplink and downlink to support low latency in 30km cells
Note that by supporting a variable timeslot structure, it is possible to support high peak data rates in large cells while also supporting low latency (by enabling a frame structure consisting of alternating uplink and downlink timeslots). It is also possible to support asymmetric traffic profiles by assigning idle symbols to either uplink or downlink (in a downlink dominated traffic profile, idle symbols for timing advance would be assigned to the uplink, in an uplink dominated traffic profile, idle symbols would be assigned to the downlink).
3 Frame Structure and numerology of OFDM / FDMA based air interface
This section considers aspects of the E-UTRA air interface that relate specifically to operation in unpaired spectrum. 
3.1 Frame Structure

The E-UTRA frame consists of 15 timeslots in a 10ms frame. One of the E-UTRA timeslots is dedicated as a timeslot that carries synchronization and BCH information. 

In the standalone unpaired spectrum mode of operation, E-UTRA operates as a TDD system where any timeslot can be assigned as either an uplink timeslot or a downlink timeslot. A downlink or uplink timeslot consists of an integer number of symbols (some of which may be idle to allow for timing advance) with a timeslot structure that is defined by signaling from the network. The timeslot structure may vary from timeslot to timeslot within the frame to accommodate different traffic profiles and latency requirements.
The frame structure for the paired E-UTRA downlink and standalone unpaired E-UTRA is shown in Figure 4.
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Figure 4 - E-UTRA frame structure

The traffic timeslot structure for E-UTRA operation in standalone unpaired spectrum is shown in Figure 5.
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Figure 5 - traffic timeslot structure for standalone unpaired E-UTRA operation
3.2 Numerology

The basic TTI for E-UTRA shall be 0.6667ms (and / or a multiple thereof).

The numerology for E-UTRA use in unpaired spectrum is aligned with that for operation in paired spectrum (unless there are significant reasons why this is not feasible).

The quantum of resource used for traffic allocations is 200kHz × 0.6667ms (note that for the standalone unpaired mode operation, some of the 0.6667ms extent of the resource quantum may consist of idle symbols). The minimum quantum for signaling channels is a single subcarrier (note: groups of UEs may be multiplexed onto a group of subcarriers via frequency domain spreading and a single quantum of resource may provide signaling to multiple UEs). 
3.3 Pilot Structure

The modulation symbols within E-UTRA can be decoded using pilots that are contained within the extent of the E-UTRA modulation symbol. Common and / or dedicated pilots are used to help exploit channel reciprocity of the link. Distinct pilots from different antennas may be used to support multi-antenna techniques such as MIMO.
4 References

[1]
3GPP TR 25.913 v2.0.0 “Requirements for evolved UTRA and UTRAN”

[2]
R1-050403 “Multiple Access Aspect of TDD LTE”. RITT. RAN1#41. 9-13 May 2005. Athens, Greece. 

[3]
R1-050450 “On Pilots for E-UTRA”. Ericsson. RAN1#41. 9-13 May 2005. Athens, Greece.
[4]
R1-050484 “Proposal for the Downlink Multiple Access Scheme for E-UTRA”. Nortel. RAN1#41. 9-13 May 2005. Athens, Greece.

[5]
R1-050520 “EUTRA Downlink Numerology”. Motorola. RAN1#41. 9-13 May 2005. Athens, Greece.

[6]
R1-050449 “On E-UTRA time / frequency granularity”. Ericsson. RAN1#41. 9-13 May 2005. Athens, Greece.

5 Text Proposal
It is proposed to capture the fundamental aspects of the E-UTRA air interface that relate to operation in unpaired spectrum in the “Duplexing” section of the RAN1 “Physical Layer Aspect for Evolved UTRA” TR. The aspects that need to be covered in this section are those that relate specifically to TDD mode operation:

· support for timing advance

· support for asymmetric traffic profiles

· support for channel reciprocity

The other aspects of E-UTRA operation in standalone unpaired spectrum that are identified in this document should be accommodated within the consolidated text proposal for the uplink and downlink E-UTRA concepts. These aspects are:

· TTI is a multiple of 0.667ms

· The modulation symbols within E-UTRA can be decoded using pilots that are contained within the extent of the E-UTRA modulation symbol.

· synchronization and BCH channels are confined to a single timeslot of the frame

<<<<<<<<<<<<<<<< START OF TEXT PROPOSAL FOR RAN1 LTE TR >>>>>>>>>>>>>>>>>>>
6
General description of layer 1

6.1
Multiband operation

6.2
Duplexing
The E-UTRA air interface supports operation in both frequency division duplex (FDD) and time division duplex (TDD) modes of operation.
The downlink and uplink concepts described in sections XX and YY (“Downlink concept” and “Uplink concept”) are common to FDD and TDD modes of operation unless otherwise stated.
6.2.1 TDD mode aspects
In the TDD mode of E-UTRA, any timeslot can be assigned as either an uplink timeslot or a downlink timeslot (to accommodate different traffic profiles). A downlink or uplink timeslot consists of an integer number of symbols (some of which may be idle to allow for timing advance) with a timeslot structure that is defined by signaling from the network. The timeslot structure may vary from timeslot to timeslot within the frame to accommodate different traffic profiles and latency requirements. 
The frame structure for TDD mode operation is shown in Figure 6.2.1.1.
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Figure 6.2.1.1 – TDD mode E-UTRA frame structure

The traffic timeslot structure for TDD mode operation of E-UTRA is shown in Figure 6.2.1.2. This timeslot structure supports timing advance for cells of various sizes.

[image: image8]
Figure 6.2.1.2 - traffic timeslot structure TDD mode E-UTRA operation
The TDD mode of operation common and / or dedicated pilots are used to help exploit channel reciprocity of the link. Distinct pilots from different antennas may be used to support multi-antenna techniques such as MIMO.

<<<<<<<<<<<<<<<<<<<<<<<<<<< END OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>>>>>>>









tFFS s





tFFS s





tFFS s





modulation symbols (either all uplink or all downlink)





modulation symbols (of fixed format)





≥0 postcursor idle symbols





≥0 precursor idle symbols





sync and data symbols





data symbols





traffic timeslots (non-fixed format)





0.667ms





10ms





frame





SCH BCH





cyclic prefix





cyclic prefix





modulation symbols (of fixed format)





≥0 precursor idle symbols





tFFS s





≥0 postcursor idle symbols





tFFS s





tFFS s





modulation symbols (either all uplink or all downlink)





sync and data symbols





data symbols





traffic timeslots (non-fixed format)





0.667ms





10ms





frame





SCH BCH





200s





uplink timeslot consisting of 3 traffic symbols and 8 idle symbols: shown timing advanced into downlink timeslot





idle symbol





downlink timeslot consisting of 11 symbols





33s





uplink timeslot consisting of 9 symbols and 2 idle symbols: shown timing advanced into downlink timeslot





idle symbol





downlink timeslot consisting of 11 symbols





other signals





single timeslot contains synchronisation signals (other signals can be multiplexed into this timeslot)





frame








[image: image1.wmf]v

r

TA

cell

´

=

2

_1180334217.unknown

