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Coding Scheme Update of RTTI
1 Introduction

Several papers have addressed the issue of multiplexing RTTI and legacy MS on the same PDCH, and some working assumptions were approved. In such a case, the SB and USF are sent as today in 4 consecutive bursts on one PDCH, and the legacy SB is always set to indicate CS-4 for GMSK [1]. 
All non-distribution control messages shall be sent with the same TTI as used by the target MS. Also data blocks could be sent with 10ms TTI. So it is possible for a 10ms TTI radio block to be sent with a CS-4 encoding of USF in 20ms. This paper addresses the problem of coding schemes in the RTTI configuration and outlines some possible solutions. 
2 Background
In the current specification[2]
, mobile stations read the stealing flags first, and then decode the USF according to the value of SB. For a CS-1 encoded DL block, USF is encoded together with the payload and can only be obtained after convolutional decoding of the whole radio block, see Figure 1. 
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Figure 1 CS-1 coding procedure
For CS-4, the USF is encoded separately from the payload, so it can be decoded without decoding the whole radio block. Here, USF is pre-coded into 12 bits, which then directly are mapped into four bursts, i.e. no convolutional encoding procedure is applied for these bits. In this case the mobile station can deduce the USF from these 12 bits without considering any convolutionally encoded data, see Figure 2.
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Figure 2 CS-4 coding procedure

The bit positions of the 12 bits in the four bursts in a legacy radio block are shown in Table 1.
Table 1 USF bit positions for GMSK (CS-4)
	Burst
	0
	1
	2
	3

	Positions
	0,51,100
	35,84,98
	19,68,82
	3,52,66


When RTTI and legacy mobile stations share the same uplink PDCH pair, the SB and USF have to be sent with 20 ms considering the compatibility of legacy mobile stations.

In such a case, the legacy CS-4 USF must be put into the positions in Table 1. For a 10ms TTI radio block, bits at the positions shown in Figure 3 will be substituted by the legacy CS-4 USF bits. Obviously, the positions substituted are different between the first 10ms and the second 10ms radio blocks within a 20ms time unit. 
In Figure 3, USF or payload in the same colour are decoded together. USF is always sent with 20ms TTI using CS-4 encoding, while the payload may be sent with 10ms TTI using CS-1 or CS-4 encoding. 
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Figure 3 Coding schemes for GMSK, USF sent with 20ms

Information of the payload originally carried by the bits at these positions in table 1 is substituted and lost, so the downlink payload reception will be influenced. And the current coding schemes need to be updated to minimize this influence. 

When a PDCH pair is only shared by RTTI MSs, i.e. no multiplexing of RTTI and legacy MSs on the same PDCH, the SB and USF can both be sent with a 10ms TTI. It is complicated to have different coding schemes regard to whether multiplexing with legacy MSs or not. The coding schemes shall be same for a MS to receive the downlink RTTI payload in both cases that the USF is sent in 10ms or 20ms. Moreover, the network need not inform the MS whether multiplexing with legacy MSs or not in the downlink RTTI TBF assignment message. 
3 Solution for RTTI

3.1 GMSK

It is assumed here that a RTTI radio block is mapped on four bursts in the sequence showed as in Figure 4. 
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Figure 4 Burst mapping sequence for RTTI radio block

For the different burst mapping sequence as Burst 1 and Burst 2 are swapped, the problem is just similar, and not discussed in this paper.
3.1.1 Encoding CS-1
CS-1 is only used when a control message needs to be sent to an RTTI MS. As clarified in section 2, when the USF is sent in 20ms, 12 bits of the payload will be substituted. The bit positions are: 
· For the first 10ms in a 20ms time unit, positions in Table 2 are substituted:
Table 2 USF bit positions for GMSK (the first 10ms)

	Burst
	0
	1
	2
	3

	Positions
	0,51,100
	35,84,98
	0,51,100
	35,84,98


The corresponding bits in a coding block before interleaving are c(0), c(1), c(4), c(5), c(8), c(9), c(114), c(115) , c(118), c(119) , c(122) and c(123). 
· For the second 10ms in a 20ms period, positions in Table 3 are substituted:

Table 3 USF bit positions for GMSK (the second 10ms)

	Burst
	0
	1
	2
	3

	Positions
	19,68,82
	3,52,66
	19,68,82
	3,52,66


The corresponding bits in a coding block before interleaving are c(2), c(3), c(6), c(7), c(10), c(11), c(344), c(345) , c(348), c(349) , c(352) and c(353). 
Reception of CS-1 block will be influenced with these 12 information bits substituted, and BLER will increase in the same radio condition. Moreover, these bits are close together, making the convolutional decoding difficult for only a limited number of erroneous bits can be corrected within its constraint length. 
The substitution of the 12 bits is unavoidable, but the losses could be minimized with some simple strategies. In order to minimize the influence of these 12 bits substituted, the positions need to be scattered, which is good for the convolutional decoder to correct the incorrect bits. Therefore, it is proposed to add a bit swapping procedure before the interleaving for RTTI CS-1 radio block. Which bits needs to be swapped are FFS. 
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Figure 5 RTTI CS-1 coding procedure

3.1.2 Encoding CS-4

MCS-1 to MCS-4 is used when a data block is sent to an RTTI MS for GMSK. But the USF is still coded and mapped as a legacy CS-4 USF. 
Originally, the first 12 bits (c(0) to c(11)) before interleaving is the pre-coded USF bits, but when a radio block is sent with 10ms TTI and a legacy CS-4 USF is sent in 20ms, the same bits as showed under Table 2 and Table 3 are used as pre-coded USF bits. At least 6 of them are different. 
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Figure 6 USF bits changed sent with 10ms TTI
The different 6 bits need to be swapped. For example, c(2), c(3), c(6), c(7), c(10) and c(11) need to be swapped with c(114), c(115), c(118), c(119), c(122) and c(123) in the first 10ms. 
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Figure 7 RTTI CS-4 coding procedure

Without multiplexing RTTI and legacy MSs on the same PDCH, the same updates as proposed above are also needed. The coding schemes of RTTI payload are kept identical no matter the USF is sent in 10ms or 20ms. The positions of USF bits are always the same as those in a normal CS-4 block. 
As a result, when both USF and payload are sent with 10ms TTI, the coding schemes for GMSK as in Figure 8 shall be used. In the figure, USF and payload with the same colour are decoded together. 
[image: image8.png]PDCHO« PDCHI¢

USFo (1, 51, 1000 USFo (1, 51, 1000
USFe (35, 84, 08¢ USF (35, 84, 98)
(19, 68, 8« (19, 68, 82
(3,52, 66)¢ (3,52, 660

Where pre-coded C5-4

USFe | C5-4 encoding is alvways usede

USF bits are mapped+

Payloads | CS-1 forcontrol and CS-4 for data is always usedv





Figure 8 Coding schemes for GMSK, USF sent with 10ms

3.2 8PSK

For 8PSK modulation, the situation is much simpler. There are in total 36 USF bits in a legacy radio block, nine in each burst. They are found in the same positions in all bursts (positions 150, 151, 168, 169, 171, 172, 177, 178 and 195). So when the payload is sent with 10ms TTI, all positions of USF are kept unchanged in each burst and no bit swapping is needed before interleaving. 
4 Conclusion

When multiplexing RTTI and legacy MSs on the same PDCH is required, both legacy SB and USF is sent in 20ms for GMSK, and 
· when a CS-1 coded block is sent, a bit swapping procedure is needed before interleaving, and the 12 bits at the positions in Table 1 will be substituted by the legacy USF bits; 

· when a MCS-1 to MCS-4 coded block is sent a bit swapping procedure is needed, and 6 USF bits as showed in Figure 6 need to be swapped to the new positions.
When multiplexing of MSs is not required, both SB and USF can be sent with 10ms, and for GMSK, CS-4 encoded USF shall always be used and mapped in the same positions as today. 

Coding schemes of the payload part of a RTTI radio block shall be kept same regardless of whether multiplexing is required or not, with the advantage that an MS needs not to be informed about how the USF is sent with a downlink RTTI TBF establishment. Bit swapping shall be different between the first 10ms and the second 10ms for GMSK, which depends on the positions of the legacy CS-4 USF bits. 
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