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1 Introduction
In previous RAN2#58, the delivery of system information was discussed. The parameter to be transmitted on P-BCH and SU-1 are identified and the agreements are captured in stage 2. However, the signalling of TDD specific parameter such as TDD frame configuration has not been discussed.

In this contribution, we discuss the parameters and the signalling procedure of these parameters to the UE to enable TDD operation in LTE.

2 Discussion

In UMTS, spectrum allocation for paired and unpaired operation was band specific. Where, some spectrum bands are reserved for the use of unpaired operation. In this case, the duplex mode of operation is given by the spectrum band. Hence, no specific message is needed to be specified for signalling of duplex mode of operation of the cell. 
However, the use of fixed band specific spectrum allocation limits the spectrum flexibility. The duplex spacing between paired bands is fixed and the operation flexibility to deploy TDD or FDD mode of operation in a specific band according to the (future) demand is also limited in the fixed spectrum allocation.
More over, enabling of spectrum flexibility is a main requirement in LTE. Quoting from section 8.2 of [TS 25.913],

“8.2
Spectrum flexibility

4). Unnecessary fragmentation of technologies for paired and unpaired band operation shall be avoided. This shall be achieved with minimal additional complexity.”

If this requirement is to be fulfilled, the spectrum band assignment should be avoided for paired and unpaired band operation.

If operation mode (unpaired/paired) specific spectrum band assignment is to be avoided in LTE, the operation mode of the cell should be signalled to the UE via BCH. In order for to finalize the system information delivery mechanism, it is necessary to know how the spectrum band will be assigned in LTE.

Proposal 1: It is proposed to send a LS to RAN4 requiring information on spectrum band assignment in LTE. 

If flexible spectrum allocation is supported in LTE, the UE should be signalled of the duplex mode of operation prior to camping on the cell. This will enable a TDD unable UE to not to camped on a FDD cell and vise versa.  
Another aspect should be considered is the support of half-duplex mode operation. As RAN2 has agreed to mandate half-duplex operation at the eNodeB, this does not need to be signalled over BCH. 

To allow for duplex mode of operation to be signalled, 1 bit field needs to be added to the BCH. Considering all the access restriction related parameters are transmitted on SU-1, we propose the “duplex mode of operation” to be also signalled on SU-1.

Proposal 2: If flexible spectrum allocation is supported in LTE, it is proposed to signal the “duplex mode of operation” on SU-1.  The “duplex mode of operation” consists of 1 bit and indicate whether the cell operating in TDD or FDD mode.

The required frame formats for TDD frame structure type 1 is proposed in [1]. Eight frame formats are proposed to allow for DL/UL load asymmetry and coexistence with the HCR UTRA-TDD. Signalling overhead, testing complexity, number of switching points, transmission latency and simplicity of operation are considered in the decision.  In addition, it is also possible to configure the cell to be in DL only mode (dedicated DL carrier). A total of nine frame configurations are proposed for TDD operation in LTE. The proposed TDD frame configurations in [1] are copied below for information.
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Figure 1. The proposed TDD frame configuration in LTE [1]
A maximum of 4bits field is required to signal the frame configurations used in the cell. The unused configuration can be reserved for future use.
In TDD-UMTS, the frame format is signalled to the UE via dedicated signalling at the initial access. Here, the initial access procedure is performed over common channels (i.e. RACH and FACH). However, the initial access procedure in LTE is performed on RACH and shared channel. Note that RACH response is transmitted on DL-SCH and it is semi-synchronous to RACH instance. Also, Message 4 is transmitted on DL-SCH asynchronous to Message 3. The UE is required to know the sub-frames allocated for DL transmission (frame configuration) in order for to listen to the Message 4. 
The above reason suggests that the frame configuration should be informed to the UE prior to the initial access. Therefore, it is proposed to transmit the frame configuration information on D-BCH. Note: P-BCH does not contain TDD/FDD specific parameters. The transmission of frame configuration on BCH also facilitates the modification of frame configuration according to the system load. It is proposed to transmit the frame configuration on D-BCH other than the SU-1. This is because SU-1is scheduled at 80ms interval. The frame configuration may not require high frequent transmission. 
Proposal 3: It is proposed to transmit the TDD frame configuration information on D-BCH other than SU-1. The TDD frame configuration information requires [4]bits field if the frame configuration proposed in [1] is to be agreed in RAN1.

3 Conclusion
The transmission of TDD specific parameter; TDD frame configuration and the signalling of duplex mode of operation are discussed. It is proposed to transmit the TDD frame configuration information on D-BCH other than SU-1.

In order to finalize the system information delivery mechanism, the information regarding the allocation of spectrum band w.r.t the paired/unpaired operation is required. Therefore, RAN2 is requested to send a LS RAN4 requiring the information on spectrum allocation in LTE.

If flexible spectrum is to be allocated, the duplex mode of operation should be signalled to the UE on BCH. This would allow the TDD unable UEs not to camp on FDD cell and vise versa. 

RAN2 is requested to discuss the TDD specific system information parameters and to agree on the proposed signalling mechanism for delivery of TDD frame configuration. 
Based on the content of this contribution, a CR for stage 2 is also attached.

4 Reference

 [1] R1-073147, “Frame configurations for TDD frame structure type 1”, IPWireless, RAN1#49bis 
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7.4
System Information

Scheduling information (indicating starting times) is provided for a group of system information blocks (SIBs) that have the same scheduling requirements (i.e. periodicity). Such a group of SIBs is referred to as a Scheduling Unit (SU). It is expected that typically 3 or 4 SUs will be used. The mapping of SIBs on to SUs may be configurable or fixed in the specification (FFS).

The following system information is carried on the BCH:

-
Physical layer parameters:

-
Downlink system bandwidth [4 bits];

-
Number of transmit antennas [1..2 bits];

-
Reference-Signal transmit power [0..6 bits];

-
System Frame Number (SFN [10 bits], unless provided otherwise);

-
Scheduling information of the most frequently repeated Scheduling Unit (SU-1) (FFS) [1 bit];

-
Cell re-selection and handover related parameters (FFS):

-
Offset [6 bits].

-
Value tag(s) (FFS).

The system information carried on BCH is contained in a System Information Block called the Master Information Block (MIB).

All system information other than contained in the MIB is carried on DL-SCH. The following system information is carried within the most frequently repeated Scheduling Unit (SU-1):

-
One or more PLMN identities;

-
Tracking Area Code;

-
Cell identity;

-
Cell barring status;

-
Scheduling information i.e. the periodicity of the other Scheduling Units (other than SU-1);

-
SIB mapping information i.e. indication in which SU the SIB is included (FFS).
-
Duplex mode of operation (FFS) [1 bit] 
The scheduling information, as contained within SU-1, is carried in a System Information Block called the Scheduling Block (SB). Besides this SB, SU-1 includes one or more other SIBs. SU-1 should include all access restriction related parameters. SU-1 is carried on the DL-SCH and uses a fixed schedule with a periodicity of 80 ms.

It is FFS whether the SB includes a value tag for each SU, whether a common value tag is used. The common value tag could either be carried in the MIB or in the SB.

An SU may be segmented, in which case segments are scheduled in subsequent consequtive subframes. SU-1 is scheduled in the subframe following the one carrying BCH (FFS for TDD). It is FFS if further SUs are scheduled in subsequent consequtive subframes. The eNB may schedule DL-SCH transmissions concerning logical channels other than BCCH in the same subframe as used for BCCH. The minimum UE capability restricts the BCCH mapped to DL-SCH e.g. regarding the maximum rate. It is FFS if the eNB may schedule more than one SU in a subframe. 
TDD frame configuration information is provided on an SU other than SU-1. This requires [3-4]bits (FFS).

System information may also be provided to the UE by means of dedicated signalling e.g. upon handover.

~ end~
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