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[bookmark: _Ref343596228]Introduction
An extended TFI identifier for MSs in DLMC configuration supporting more than 20 DL TS can be assigned by the network.
The principle of the extension is to use bit-wise modulo 2 addition with the CRC bits of either RLC/MAC header or the PAN field. The extension is realized somewhat differently for the RLC/MAC control block encoded with CS-1, compared to other channels, since CS-1 uses a FIRE block code with error correctable properties.
The current solution for extending the eTFI for PACCH blocks is not sufficient if the eTFI values assigned to different MS have a small Hamming distance since the FIRE code could be used to correct the difference in bit states.
To ensure that neither legacy MSs nor DLMC MSs (supporting or not supporting eTFI) are negatively impacted by the introduction of the bit-wise modulo 2 addition (XORing), simulations have been carried out.
PACCH performance in DLMC
The current extension of the TFI space for PACCH blocks is captured in [2] and constitutes the XORing of the three bit eTFI value and a three bit fixed pattern with a subset of the PACCH block parity bits. The fixed pattern of three bits is used to ensure that even eTFI values with low Hamming weight will ensure good false detection performance for legacy MSs decoding the PACCH block (that assumes no XORing of bits has been done at the transmitter side).
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Figure 1. Existing solution with eTFI=’000’ used in transmitter and eTFI=’001’ assigned the receiver.
However, for MSs being assigned an eTFI but with different values, the same type of problem could occur, i.e. small Hamming distance between the assigned eTFI values. 
This is shown in Figure 2 where eTFI=0 (i.e. ‘000’) has been assumed by the receiver to be used at the transmitter. It can be seen that the only eTFI value that fulfils the false positive requirement of 2e-5 (applicable false detection level in [1] today for SACCH, SDCCH, FACCH) for the full range of SNR is eTFI=7 (i.e. ‘111’) with Hamming distance 3 to the eTFI used at the transmitter. 
eTFI values with Hamming distance 1 to the transmitted eTFI will result in 100% false detection at high SNR. 
eTFI values with Hamming distance 2 to the transmitted eTFI manages to keep the false positives on a low level (2e-4 at worst) but still violates the requirements in the specification.
In each point 5 million frames have been simulated.
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[bookmark: _Ref386106678]Figure 2. False positives rate with different eTFIs assigned.
Applied patterns
Based on Section 2, the Hamming distance needs to be increased between code words of differently assigned eTFI values.
A fixed pattern of all 1’s has been used with two, three or four bits used in the pattern, see Table 1.
The position of the pattern over the PACCH block parity bits is dependent on the eTFI value.
[bookmark: _Ref384045603]Table 1. XORing depending on the number of bits used for eTFI pattern, and the eTFI value.
	Number of bits
	XORed bit positions

	2
	[0,32]+eTFI

	3
	[0,16,32]+eTFI

	4
	[0,10,20,32]+eTFI


Performance evaluation
Scenarios simulated
Simulations have been carried out in different scenarios to ensure that the performance of both legacy MSs and new MSs supporting eTFI will not be degraded when applying the XORing operation to the PACCH block parity bit positions indicated in Table 1. 
The different cases are shown in Table 2.
[bookmark: _Ref384045758]Table 2. Scenarios for eTFI evaluation.
	Sc.
	Description

	1
	Legacy MSs receiving a legacy PACCH block (reference)

	2
	Legacy MSs receiving a PACCH block with eTFI 

	3
	New MS assigned eTFI receiving a legacy PACCH block 

	4
	New MS assigned eTFI receiving a PACCH block with its own eTFI 

	5
	New MS assigned eTFI receiving a PACCH block with eTFI different from its own


Simulated performance
Scenario 1: Reference (Legacy MSs receiving a legacy PACCH block)
As required by [1] the false positives rate is at 2e-5. 
In these simulations the assumption is that the FIRE code is used to the farthest extent possible to correct errors, at the expense of detecting errors (while still fulfilling the false detection error from the specification). The use of these error detection and correction functions results in the most difficult/challenging conditions possible for which a MS is to realize the required false positives performance and is assumed for all simulations.
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Figure 3. Legacy reception – Scenario 1.
[bookmark: _Ref387596719]Scenario 2: Legacy MSs receiving a PACCH block with eTFI 
Although the violation of the requirement in [1] is seen in a limited SINR region (around -4 dB to +8 dB), to completely avoid violation of the current false positive requirement it can be seen that the four bit pattern for the eTFI is required. 
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Figure 4. Scenario 2: 2 bit pattern (top), 3 bit pattern (middle), 4 bit pattern (bottom)
Scenario 3: New MS assigned eTFI receiving a legacy PACCH block 
Since it was concluded in Section 4.2.2 that a four bit pattern is needed to ensure false positives performance, only a four bit pattern is evaluated in this scenario. It can be seen that also here, a four bit pattern ensures the false positives performance.
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Figure 5. Scenario 3: 4 bit pattern
Scenario 4: New MS assigned eTFI receiving a PACCH block with its own eTFI
This scenario applies the same eTFI in both the transmitter and receiver and hence the performance follows the reference scenario.
Scenario 5: New MS assigned eTFI receiving a PACCH block with eTFI different from its own
Also in the case when both transmitter and receiver use eTFI but the eTFI value is different it is seen that the current performance requirements on false positive is ensured when using the four bit pattern.
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Figure 6. Scenario 5: 4 bit pattern.
Conclusion
It has been seen that the currently accepted solution on eTFI expansion for PACCH blocks is not satisfactory when eTFI is used both at the transmitter and receiver, but when the eTFI value used in the transmitter differs from the one used in the reception. A slight modification to the current solution is proposed where a 4 bit long pattern is XORed with the parity bits. 
This ensures that false positives are kept below the current performance requirement of 2e-5 irrespective of scenario, supporting all possible combinations of legacy MSs and MSs assigned an eTFI.
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