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FDCCH on HR Channels

1. Introduction

A Flexible Layer One (FLO) based on the same principles that are used in UTRAN, is being developed for GERAN [1]. This contribution addresses one particular problem that arises for the support of signalling radio bearers on HR channels.

2. Requirements

For seamless handovers between full rate and half rate channels the link level performance of associated signalling must be similar for the two channel modes. Consequently the coding rate of associated signalling on half rate channels must be equal to the coding rate of associated signalling on full rate channels. This is achieved in GSM/EDGE by increasing the interleaving depth of FACCH on half rate channels: twice the interleaving depth of TCH/H [2]. As a result the performance of FACCH/H is indeed very similar to the performance of FACCH/F [3] [4]:

· in TU3iFH at 1% of BLER, there is approximately 1dB difference on GMSK channels and 1.4dB difference on 8PSK channels;

· in TU3nFH the performance is roughly the same.

3. Problem

The problem (or advantage) with the one-step interleaving architecture selected for FLO [1] is that all TrCHs on one basic physical channel have the same interleaving depth. Therefore it is not possible to use the same principle as described in section 2 for half rate channels. Nevertheless FLO must fulfil the same requirements in order to support half rate channels: the coding rate of associated signalling (FDCCH) must be the same for full rate and half rate channels. The following section presents 3 solutions to overcome this problem.

4. Solutions

In order for the coding rate of associated signalling (FDCCH) to be the same for full rate and half rate channels two solutions are possible with FLO:

· Solution A: the 23 octets blocks of FDCCH are segmented by RLC into 12 octets transport blocks that are sent consecutively. Since the bandwitdh of half rate channels is twice smaller than the one of full rate channels, the coding rate of one 12 octets block on half rate channels is very similar to the coding rate of one 23 octets on full rate channel. This solution does not require any changes at the physical layer but requires some at RLC.

· Solution B: the coded 23 octets transport blocks (FDCCH) are sent twice in a row and soft values are combined in the receiver before decoding. Since coded bits of the same transport block of associated signaling can be found in two consecutive radio packets, the effect is as if the interleaving depth was twice the interleaving used for one radio packet. On half rate GMSK channels (the worst case), a minimum of 214 bits is available (214 = 232 - 18
). Since in total 208 bits must be sent (184 bits payload + 18 bits CRC + 6 tail bits), it is always possible to transmit the coded FDCCH (208 < 214). Two variants of solution B are possible:

· Solution B1: diversity is introduced in rate matching and incremental redundancy is used [5].

· Solution B2: no diversity is introduced and simple Chase combining is used.

5. Link LEvel Performance

In order to assess the link level performance of the three solutions presented in Section 4, simulations were run in TU3 with and without ideal frequency hopping over 20,000 frames always and typical MS impairments were included. Both GMSK and 8PSK half rate channels were simulated. Interleaving was block diagonal over 4 bursts [1]. On 8PSK channels, no diversity in the repetition was introduced and only simple Chase combining was used (solution B2). The following tables summarize the link level performance given in Annex A. Note that for reference the performance on full rate channels is also given.

Table 1. FDCCH on GMSK half rate channels (TU3iFH - 900Mhz)
	Solution
	C/Ico @ 1% BLER

	A (segmentation at RLC)
	12.2 dB

	B1 (Incremental Redundancy)
	9.4 dB

	B2 (Chase combining)
	14.1 dB

	FR Channel (Reference)
	8.4 dB


Table 2. FDCCH on GMSK half rate channels (TU3nFH - 900Mhz)
	Solution
	C/Ico @ 1% BLER

	A (segmentation at RLC)
	18.1 dB

	B1 (Incremental Redundancy)
	16.6 dB

	B2 (Chase combining)
	18.7 dB

	FR Channel (Reference)
	17.1 dB


Table 3. FDCCH on 8PSK half rate channels (TU3iFH - 900Mhz)
	Solution
	C/Ico @ 1% BLER

	A (segmentation at RLC)
	9.8 dB

	B2 (Chase combining)
	7.7 dB

	FR Channel (Reference)
	6.3 dB


Table 4. FDCCH on 8PSK half rate channels (TU3nFH - 900Mhz)
	Solution
	C/Ico @ 1% BLER

	A (segmentation at RLC)
	17.6 dB

	B2 (Chase combining)
	16.4 dB

	FR Channel (Reference)
	16.7 dB


It can be seen from the results above that solution A does not fulfil the requirements of section 2. Same conclusion can be drawn for solution B1 on GMSK half rate channels. It appears that in order to ensure seamless handovers between full rate and half rate GMSK channels solution B1 must be used: every 23 octets block is retransmitted once with incremental redundancy. In order to ensure seamless handovers between full rate and half rate 8PSK channels solution B2 must be used: every 23 octets block is retransmitted once with simple Chase combining. The FDCCH performance difference between full rate and half rate is then comparable to the FACCH performance difference between full rate and half rate in GSM/EDGE.

6. Details about the Solution

This mechanism should be managed by layer 1 only and be transparent to layer 2. If layer 2 was involved, RLC/MAC headers would require their own transport channel and their own CRC. The protection of the header must be higher than the one of the data since it must be decoded for each radio packet [2]. Assuming a coding rate of 1/2 (which is not that strong), a header size of 3 bytes and a CRC of 12 bits, it only leaves 142 bits in each radio packet on GMSK half rate channels. Over two radio packets only 284 bits are thus available for the data. As 160 bits + 18 CRC bits must be sent, we get a coding rate of 0.63 which is 0.16 higher than when layer one only is involved and only one transport channel is needed. Consequently we loose 3dB in link level performance [6].

On the transmit side:  in the first radio packet the transport block of associated signaling is normally processed through FLO configured for HR channels.  Coded bits of the associated signaling are diagonally interleaved over 4 bursts.  In the second radio packet (which is the subsequent one), the same transport block of associated signaling is again processed through FLO (with incremental redundancy on half rate GMSK channels) and the coded bits are diagonally interleaved over 4 bursts.  The content of each radio packet is told by the TFCI. Whether the TFCI is the same for the two radio packets is left for further study.

On the received side: the first radio packet is received.  Through the TFCI, the receiver knows that this radio packet contains the coded bits of associated signalling.  The receiver stores the soft values of the received coded bits and waits for the next radio packet.  In the second radio packet (the next one) the receiver knows by default that the same transport block of associated signalling is being carried.  After combining the coded bits from the two radio packets, the receiver can decode the transport block of associated signaling.

7. Conclusion

For seamless handovers between full rate and half rate channels, the signalling transport blocks must be sent twice on half rate channels. On GMSK channels, incremental redundancy must be used and on 8PSK channels chase combining must be used. An attached CR includes the proposed mechanism in the TR on FLO.
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Annex A - Link Level Results
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� Maximum size of the coded TFCI on HR GMSK channels
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7.3
Rate Matching


The rate matching is the core of FLO. In rate matching, bits of an encoded block on a transport channel are repeated or punctured. Since the block size is a dynamic attribute, the number of bits on a transport channel can vary between different transmission times. When it happens, bits are repeated or punctured to ensure that the total bit rate after TrCH multiplexing is identical to the total channel bit rate of the allocated basic physical subchannel.


When only one transport channel is active at a time, the coding rate only depends on the transport block size and on the available channel bandwidth. But when more than one transport channel is active, the coding rate also depends on the rate matching attributes associated to each transport channel. The rate-matching attribute is used when the number of bits to be repeated or punctured for each transport channel is calculated. 


Higher layers assign the rate matching attribute for each transport channel. This attribute is semi-static and can only be changed through higher layer signalling. The rate matching attributes define priorities between the coded bits of different transport channels. The higher the rate matching attribute is, the more important the coded bits are. By setting different rate matching attributes to different transport channels, the coding rate of the transport channels can be adjusted.


Outputs from the rate matching are called radio frames. For every radio packet the rate matching produces one radio frame per encoded block, i.e. per TrCH.


The rate matching algorithm for GERAN is based on the UTRAN one defined in 3GPP TS 25.212. A few simplifications are made since there is no spreading factor, nor compressed mode, nor special cases such as turbo codes and therefore many parameters of the UTRAN algorithm can be fixed either to 0 or 1 in GERAN.


Notation used:
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Absolute value of x.

 I
Number of TrCHs in the coded composite transport channel (CCTrCH).
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Total number of bits that are available in a radio packet for the CCTrCH.
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Number of bits in an encoded block before rate matching on TrCH i with transport format combination j.
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 denotes the number of bits that have to be repeated in an encoded block on TrCH i with transport format combination j in order to produce a radio frame.



If negative,

[image: image8.wmf]j


i


N


,


D


 denotes the number of bits that have to be punctured in an encoded block on TrCH i with transport format combination j in order to produce a radio frame.



If null, no bits have to be punctured nor repeated, i.e. the rate matching is transparent and the content of the radio frame is identical to the content of the encoded block on TrCH i with transport format combination j.
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Semi-static rate matching attribute for transport channel i.


 eini
Initial value of variable e in the rate matching pattern determination algorithm.


 eplus
Increment of variable e in the rate matching pattern determination algorithm.


 eminus
Decrement value of variable e in the rate matching pattern determination algorithm.
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Intermediate calculation variable.

R
Retransmission number when incremental redundancy is used (R=0 for first transmission, R=1 for first retransmission, … R=n for the nth retransmission). When incremental redundancy is not used, R is equal to zero always.

For each radio packet using transport format combination j, the number of bits to be repeated or punctured (Ni,j within one encoded block for each TrCH i is calculated with the following equations:
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for all i = 1 … I




[image: image13.wmf]j


i


j


i


j


i


j


i


N


Z


Z


N


,


,


1


,


,


-


-


=


D


-



for all i = 1 … I


For the calculation of the rate matching pattern of each TrCH i the following relations are defined:




eplus  = 
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-- average distance between punctured bits
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-- average distance between transmitted bits
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end if

else  eini  = 1


end if.

The rate matching rule is as follows:


if 
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-- puncturing is to be performed

e = eini





-- initial error between current and desired puncturing ratio 


m = 1





-- index of current bit


do while 
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-- for each bit of the encoded block of TrCHi

e = e – eminus 


-- update error


if 
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-- check if bit number m should be punctured


puncture bit bim
-- bit is punctured


e = e + eplus

-- update error


end if


m = m + 1



--  next bit


end do


else if 
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-- repetition is to be performed


e = eini





-- initial error between current and desired puncturing ratio 


m = 1





-- index of current bit


do while 
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-- for each bit of the encoded block of TrCHi

e = e – eminus 


-- update error


do while 
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-- check if bit number m should be repeated


repeat bit bi,m 

-- repeat bit


e = e + eplus

-- update error


end do


m = m + 1



--  next bit


end do


else






-- 
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do nothing



-- no repetition nor puncturing


end if.


7.7
FDCCH on HR Channels

The support of half rate channels requires an additional mechanism for the FDCCH.

For seamless handovers between full rate and half rate channels the link level performance of associated signalling must be similar for the two channel modes. Consequently the coding rate of associated signalling on half rate channels must be equal to the coding rate of associated signalling on full rate channels. This is achieved in GSM/EDGE by increasing the interleaving depth of FACCH on half rate channels: twice the interleaving depth of TCH/H (see 3GPP TS 45.003). As a result the performance of FACCH/H is very similar to the performance of FACCH/F (see 3GPP TS 45.005). 


With the one step interleaving architecture, all TrCHs on one basic physical subchannel have the same interleaving depth. It is therefore not possible to apply the same mechanism on the TrCH configured for FDCCH. Instead FLO shall send the same transport block twice in a row. Since coded bits of the same transport block can be found in two consecutive radio packets, the effect is as if the interleaving depth was twice the interleaving used for one radio packet. In rate matching R shall be equal to 0 for the first transmission (first radio packet) and equal to 1 for the retransmission (second radio packet).

Note: Value of the TFCI is ffs
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