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DLMC – Extended TFI Performance
1 Introduction
The Downlink Multicarrier, DLMC, feature was started as a work item at GERAN#55, see [1]. 
In short, the feature enables the allocation of multiple carriers to a MS in the downlink, while avoiding additional requirements on the MS hardware to support multiple receiver paths in the RF front end. 
At GERAN#59 a discussion paper [2] was presented to justify an extension of the TFI addressing space to cater for an introduction of DLMC. It was then requested to evaluate the proposal on link level to ensure performance.

This paper is a response to the request and presents a set of simulation results that shows that an extended TFI (eTFI) field can be introduced into the specifications as proposed in [3] without negative impact on legacy mobile’s (MS) Erroneous Frame Indication (EFI) performance. 
2 Discussion
The legacy 5 bit TFI field is used to identify a Temporary Block Flow (TBF), and is commonly conveyed as part of the RLC/MAC header. In case of a TBF with Fast Ack/Nack Reporting (FANR) enabled the TFI is added, by means of bit-wise modulo 2 addition, to the last five bits of the 10 bit PAN CRC.
In [3] it is proposed to reuse the approach taken for the PAN and convey the three bit eTFI field by means of a bit-wise modulo 2 addition between the eTFI bits and a subset of the RLC/MAC header CRC or the PAN CRC bits. In case of the RLC/MAC header the bit-wise modulo 2 addition is made with the last three header CRC bits. In case of the PAN field the bit-wise modulo 2 addition is made with the third, fourth and fifth PAN CRC bits. 
At GERAN#59 it more detailed analysis of the impact on MS performance by using the above mentioned approach was requested.  This paper focuses on the impact on legacy MS performance when multiplexed on the same DL PDCH as a DLMC MS being addressed by an eTFI. Specifically, the legacy MS EFI performance is investigated when exposed to a RLC/MAC Header or PAN belonging to a TBF identified using an eTFI. 
An EFI is expected to occur when a MS fails to detect data errors when decoding a frame, and falsely believes the frame was correctly received. In the case of a RLC/MAC header or PAN field this effectively means that the CRC check fails to perform the expected error detection. An EFI event is typically observed when a transmitted code word is modified by an error pattern such that the received word equals another valid code word. 
GERAN EFI requirements are commonly defined at a random input [4]. No explicit requirement is specified for RLC/MAC Headers and the PAN field, since it is expected that at random input the EFI rate (EFIR) shall be no more than 1/2N, where N equals the length of RLC/MAC Header and the PAN CRC field. When the input is a useful signal, it is not as easy to predict the EFIR over the entire SNR range.  At low SNR the input will resemble random input and an EFIR of 1/2N is expected. At high SNR the receiver will correct most bit errors, and the EFIR is expected to decrease along with the data Block Error Rate (BLER). In the transition region between low and high SNR where few errors are introduced it is expected that the Hamming distance distribution between valid code words will determine the likelihood of a low weight error pattern causing an EFI event. Adding an eTFI on top of the CRC is from a legacy MS perspective equal to deliberately introducing an error pattern that cannot be corrected in the convolutional decoder. It is not obvious how the eTFI will affect the mentioned Hamming distance distribution, and thereby improve or worsen the EFI performance. 

3 Simulations

This paper aims to evaluate the impact of the eTFI on legacy MS EFIR performance to straighten out the concerns mentioned in section 2, and to address the questions raised at GERAN#59. 
Two set of simulations were ran, one where a legacy MS was exposed to a RLC/MAC Header belonging to a TBF identified by an eTFI, and one where the same scenario was applied on the PAN field. The most relevant set of simulation assumption is summarized on table 1.

	Simulation parameters

	MS receiver
	Legacy MS

	Frequency band
	900 

	MCSs
	For RLC/MAC investigation: MCS-4/6/9, DAS-9/10/12
For PAN investigation: MCS-1/5/7, DAS-8

	FANR
	On

	eTFI
	001, 011, 010, 110, 111, 101, 100

	Frames
	500.000 


Table 1. Simulation assumptions.
The binary eTFI field can take on seven different values ranging from {0,0,1} to {1,1,1}. {0,0,0} can for obvious reasons not be used. In Figure 1 the Header type 1 EFIR performance of a legacy MS when exposed to a MCS-9 radio block belonging to a TBF identified by an eTFI as indicated by the figure legend is shown. The performance is presented for all available eTFI values.
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Figure 1. Legacy MS RLC/MAC Header type 1 EFIR performance when exposed to a TBF assigned an eTFI.
From Figure 1 it is clear that the EFIR performance at low SNR input in all cases is less than 1/28, which equals the theoretical EFIR limit for a header protected by eight parity bits. As the SNR increases the EFIR performance improves, just as expected. The impact on MCS-9 Header type 1 EFIR performance from the eTFI field is generally negligible. A small, but yet acceptable, impact for eTFI value {1,1,1} is observed. Using eTFI identifier {1,1,1} the simulation in Figure 1 was repeated for all available EGPRS and EGPRS2-A Header types with the results presented in Figure 2.
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Figure 2. Legacy MS RLC/MAC Header type 1, 2, 3, 4, 5 and 10 EFIR performance when exposed to a TBF assigned eTFI {1,1,1}.
Figure 2 shows a small, but acceptable, legacy MS EFIR performance impact for Header Types 1/2/3/4/5/10 when exposed to a TBF assigned eTFI {1,1,1}. 
In Figure 3 the EFI performance of a legacy MS when exposed to a PAN, conveyed in a MCS-7 radio block, and belonging to a TBF identified by an eTFI is shown. The performance is presented for all available eTFI values. The EFIR performance at low SNR input is again determined by the number of parity bits and is always less than 1/210, which equals the theoretical EFIR limit for a header protected by ten parity bits. At higher SNR levels it is seen that the EFIR performance is improving for all simulated cases. The impact from introducing the eTFI field seems negligible.
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Figure 3. Legacy MS RLC/MAC PAN EFIR performance when exposed to a TBF assigned an eTFI.
Using eTFI identifier {1,1,1} the simulation in Figure 3 was repeated for all variants of the PAN encoding with the results presented in Figure 4

. Only a small, and acceptable, legacy MS EFIR performance impact for the PAN when conveyed in a MCS-1/5/7 or DAS-8 radio block is seen.
[image: image4.png]PAN Erroncous Frame Indication Rate

— = WS eTFI
— = HS-5 eTFI
—— HS7 eTFI
— = 1658 eTFI
—S—HCS-1 PAN Reference
—S—HCS-5 PAN Reference
S HCS-7 PAN Reference
—©—DAS-8 PAN Reference

Es/No [dB] (2dB per tick)





Figure 4 Legacy MS MCS-1/5/7 and DAS-8 PAN EFIR performance when exposed to a TBF assigned an eTFI {1,1,1}.
4 Conclusions
This paper presents a set of simulation results that shows that the eTFI field can be introduced into the specifications as proposed in [3] with negligible impact on legacy MS RLC/MAC Header and PAN EFIR performance. 
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