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1.  Introduction
[TS 36.331] specifies the system information acquisition procedure. A common procedure is defined for both FDD and TDD networks with a common value range of SI-window length. The procedure is defined to guarantee that SI-windows do not overlap in time and SI-windows are consecutive in time domain. However, the calculation of SI-window and the starting point of SI-window does not take into account the TDD frame configuration (DL/UL split). Therefore, the delivery of system information in TDD networks is not possible with some of the configurations allowed in the standard.  

This contribution proposes a mechanism to overcome the problems seen in acquisition of SI-messages in TDD networks according to the procedure specified. The proposed method considers the frame configuration in derivation of the SI-window and starting point of SI-window. The proposed method avoids impacting the SI acquisition procedure in FDD networks and also allows for a common procedure and a common value range of system information parameters for both TDD and FDD networks. 

2. Discussion 
Let’s assume 6 SI messages are supported in the delivery of system information. The periodicities of SI-messages are  shown in Table 1. Assuming the SI-windowLength is 2ms, the corresponding starting point of SI-window for these SI messages in TDD frame configuration type1 is shown in Figure 1.  

Table 1: periodicity of SI-messages signalled in SystemInformationBlockType1
	Order of the SI-message
	Periodicity [ms]

	SI-1
	160

	SI-2
	160

	SI-3
	160

	SI-4
	320

	SI-5
	640

	SI-6
	640


As can be seen in Figure 1, SI-window corresponding to SI-2 has entirely overlapped with uplink subframes. Hence, transmission of SI-2 is blocked. The transmission windows of SI-3, SI-4 and SI-5 are partially blocked by the presence of SIB1 and the UL subframe.  
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Figure 1: the transmission of SI-messages in TDD [with type0] si-WindowLength =2ms

In this example, transmission of SI-2 is not possible for TDD networks if the SI acquisition procedure as defined in [TS 36.331] is employed. Note that the SI messages are numbered according to the order of their appearance of in SystemInfromationBlockType1.  Also note that it is not possible to signal a null (empty) SI message in SystemInfromationBlockType1. Therefore, the transmission of an SI message which takes the order 2 is blocked by the presence of TDD UL subframes. As the UE is not able to receive the required system information, the correct UE behaviour in TDD is not possible. 

Similar behaviour is noticed for the frame configuration type0, type3, type4 and type6. Some of the SI-messages are entirely blocked by the presence of UL subframes in the corresponding SI-window.
Figure 2 shows the SI-message configuration for TDD frame configuration type2. The transmission of SI-messages are not entirely blocked by the presence of UL subframes in the type2 configurations, however, the SI-message transmission is partially blocked in SI-2, SI-3 and SI-4. Similar behaviour is noticed for the frame configuration type5.
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Figure 2: the transmission of SI-messages in TDD [with type2 ] si-WindowLength =2ms

The above analysis illustrates the transmission of some SI messages are impossible for TDD frame configurations according to the specified procedure. In other cases, the SI-window is partially blocked by the presence of UL subframes. The outcome of the specified procedure is different depending on the frame configuration and hence does not provide an accurate procedure for TDD networks. 

Another problem seen in the specified procedure is illustrated below. Lets consider a 5ms SI-window length with SI message periodicity given in Table 1.  The resulting SI window configuration for TDD frame configuration Type3 is shown in Figure 3.

Note that the transmissions of SI-messages are not entirely blocked due to the presence of UL subframes. However, the effective SI-window length for SI-1, SI-3, and SI-5 has reduced to 2ms, while the effective SI-window length for SI-4 remains at 5ms. There is a one subframe reduction in SI-window length of SI-4 and SI-6 (4ms) due to the presence of SIB1.  SI-message can be repeated at every subframe (except TDD UL subframe) within the corresponding SI-window. In this example SI-1, SI-3 and SI-5 can only be repeated a maximum of two times while SI-2 and SI-6 can be repeated 4 times and SI-4 can be repeated for 5 times within the SI-window. This configuration results in more robust transmission of SI-2, SI-4 and SI-6 compared to that of SI-1, SI-3 and SI-5due to their number of possible repetitions within the SI-window. However, all the system information messages should be transmitted with the same robustness as all the system information messages are equally important for the correct operation of the UE.

Note that the unequal reception reliability of the SI-messages are not seen in FDD networks as the SI-window length is defined by the number of re-transmissions of each message which is the same for all the SI-messages (note that there is an exception for SI-messages which are mapped onto subframe #5 of even radio frames).
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Figure 3: The transmission of SI-messages in TDD [with type3 ] si-WindowLength =5ms
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Figure 5: The transmission of SI-messages in TDD [with type3 ] si-WindowLength =5ms according to the proposed algorithm

3. Proposal
The method proposed in this contribution overcomes the problems seen in the operation of currently specified SI acquisition procedure in TDD networks.

The SI acquisition procedure is designed taking into account the TDD frame configurations. However, the commonality between FDD and TDD is kept in the design. Hence, minimal changes to the specification are achieved. 

The signalling required to initiate the procedure is kept the same as for FDD, only one value for si-Windowlength is signalled in SystemInformationBlockType1. Based on this value, the window length in the time domain for each SI-message is configured at the UE considering the TDD frame configuration. The window length in the time domain equals the time window (ms) which contains a number of DL subframes equal to the number signalled in si-WindowLength. si-WindowLength can be considered as the effective window length of the SI-message. 
The starting point of SI-window (both subframe number and radio frame number) is calculated taking into account the TDD frame configuration. 

The PDCCH-subframe #a where the corresponding SI-window starts in the corresponding radio frame is calculated as:

 a = x mod y.  

 x = (n – 1)*w, where w is the si-WindowLength and y equals the number of PDCCH-subframes contained in a radio frame.  

The radio frame at which the SI-window starts is determined as 

SFN mod T = FLOOR(x/y),
 where T is the si-Periodicity of the concerned SI message.

Figure 4 illustrate the SI message configuration in TDD networks with frame configuration type1. The same SI-periodicity as in Table 1 is used and a 2ms si-WindowLength is assumed for comparison. 
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Figure 4: The transmission of SI-messages in TDD [with frame configuration type1] according to the proposed algorithm. 

As can be seen in the Figure 4, none of the SI-messages are blocked by the presence of UL subframes. Note that the SI-window length in the time domain has increased for some SI messages depending on the frame configuration but the effective SI window length equals 2ms, which is signalled in si-WndowLength.
The SI-message configuration when a 5ms si-WindowLength is used is shown in Figure 5 for frame configuration type 3. The configuration allows the transmission of each SI-message at most 5 times within the corresponding SI-window. This guarantees the equal robustness for all SI-messages transmissions.
3.
Conclusion 
The analysis in this paper shows that the SI acquisition procedure specified in the current standard does not provide an adequate mechanism for SI acquisition in TDD networks. 

In this contribution, we proposed an SI acquisition procedure, which allows for accurate SI acquisition in both FDD and TDD network for all the configurations supported in the standard. The proposed procedure generates a similar outcome regardless of the duplexing mode or the frame configuration (in TDD) supported by the network.

The proposed procedure does not have an impact on the SI acquisition in FDD networks compared and also allows for a common procedure and a common value range of system information parameters for TDD and FDD networks. 

A CR for 36.331 which would implement the proposed changes is provided in R2-090233.
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