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1 Introduction

A number of papers have addressed the issue of multiplexing RTTI and legacy MS on same PDCH concerning USF and SB (stealing bits) usage.  At the GERAN#31 meeting in Denver a set of working assumptions for RTTI was discussed [2] and some were approved. However, there were some comments to the working assumptions dealing with RTTI detection and usage of SB. This contribution shows a simpler way to do it. 

Section ‎2 gives a quick background how EGPRS ensured backward compatibility to GPRS. In section ‎3, the solution for RTTI multiplexing with legacy MSs is described. In ‎Annex A, a recapitulation of the multiplexing solution for RTTI and legacy blocks can be found. 
2 Background  
When EGPRS was standardised, it was required that GPRS MS should be able to decode the USF of EGPRS radio blocks. EGPRS radio blocks can be either GMSK modulated (MCS-1 to MCS-4) or 8PSK modulated (MCS-5 to MCS-9). While the problem that GPRS MS cannot receive 8PSK modulated blocks was unsolvable, a solution was found for the GMSK modulated EGPRS radio blocks. The solution was to encode and interleave the USF of the GMSK modulated EGPRS radio blocks exactly the same way as one of the GPRS coding schemes, namely CS-4. The GPRS MS was lead to believe that a CS-4 radio block was received by putting stealing bits in the GMSK modulated EGPRS radio blocks in the same positions as in the legacy GPRS radio blocks and setting these stealing flags to the codeword for CS-4. Consequently, the GPRS MS will successfully (unless the radio conditions are too bad) decode the USF believing the block is a CS-4 radio block. Subsequently, the GPRS MS will attempt to decode the rest of the EGPRS radio block as a CS-4 block and fail (detected by a CRC failure).

EGPRS MS will also read the legacy stealing bits, but for the EGPRS MS, the CS-4 stealing bit code word means that an EGPRS radio block has been sent (MCS-1 to MCS-4). Consequently, it decodes the USF assuming this, which will succeed since the USF is placed in the right position (same as for CS-4). Subsequently, to know which of MCS-1 to MCS-4 has been used, the EGPRS MS decodes the RLC/MAC header and looks at the CPS (coding and puncturing scheme) field, and decodes the rest of the radio block. If, indeed, the radio block actually was a CS-4 radio block, this latter part will fail (CRC failure during RLC/MAC header decoding).

(EGPRS MS must also be able to decode the USF of GPRS CS-1 to CS-3 radio blocks. Therefore, they must be able to decode the stealing bit code words of these coding schemes as well.)

3 Solution for RTTI

The same principle as shown in section 2 is used when RTTI radio blocks are sent in downlink: Lead the legacy (GPRS or EGPRS) MS to believe that legacy radio blocks have been transmitted and put the USF bits in the positions where legacy MS expects them to be, and encoded in the same way.

A consequence of this solution is that two RTTI radio blocks during a 20 ms period must be sent using the same modulation. There is no modulation restriction for legacy radio blocks.

3.1 GMSK

When GMSK modulated RTTI blocks are sent in downlink, the solution described in section 2 is reused more or less without modification: put stealing bits in the positions where legacy GPRS/EGPRS MS expects them, leading the legacy GPRS MS to believe that a CS-4 block has been sent and the EGPRS MS to believe that an MCS-1 to MCS-4 block has been sent (in both cases interleaved over 20 ms on one timeslot). The stealing bits of GPRS/EGPRS are always placed in the two bits closest to the training sequence (one on each side) of each burst, i.e., in total eight bits over 20 ms. This is illustrated in Figure 1. CS-4/MCS-1 to MCS-4 is indicated by setting the bits to 00010110.
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Figure 1. Illustration of legacy stealing bit reservation for GMSK.

Further, the USF bits must also be placed where the legacy MS expects them, i.e., as in a CS-4 and MCS-1 to MCS-4 radio block. There are in total 12 USF bits per legacy radio block, three in each burst. The correct positions are different in the four bursts in a legacy radio block. They are shown in Table 1.

Table 1. USF bit positions for GMSK.

	Burst #
	Positions

	0
	0,50,100

	1
	34,84,98

	2
	18,68,82

	3
	2,52,66


The RTTI radio blocks, with the USF bit positions reserved, are illustrated in Figure 2.


[image: image2.emf] 

Legacy USF TS1  

RTTI radio block 1  

0  

1  

2  

3  

0  

1  

TDMA frame #    

DL TS #  

RTTI radio block 2  

Legacy stealing bits TS1  

Training sequence  

Legacy stealing bits TS2  

Legacy USF TS2  


Figure 2. Illustration of legacy USF bit reservation for GMSK.

When the legacy stealing bits and USF bits have been reserved for legacy purposes, there remain 116-2-3=111 bits per burst for the RTTI blocks. Over 10 ms on two timeslots, there are in total 444 bits. Note that the RLC/MAC header (excluding USF) and RLC data part of the RTTI block will fit perfectly into these 444 bits without modification
.

With this solution, legacy MS will be able to decode the USF also when RTTI blocks are sent in the downlink. However, one issue remains: The RTTI MS must be able to distinguish between two types of RTTI blocks – CS-1 (for PACCH, RLC/MAC control signalling) and MCS-1 to MCS-4 (RLC data). The stealing bits (which are normally used for this purpose by legacy MS as described above) cannot be used since they have been reserved for legacy purposes. A possible solution to this is to use blind detection as described below.
3.1.1 Distinction between CS-1 and MCS-1 to MCS-4 for RTTI MS

1. The RTTI MS deinterleaves the bits in the bursts comprising an RTTI block (the interleaving is exactly the same for CS-1 as for MCS-1 to MCS-4).

2. The RTTI MS assumes that an MCS-1 to MCS-4 block has been sent, decodes the RLC/MAC header.

a.   If the RLC/MAC header is correctly decoded (CRC check ok), the RTTI MS continues to decode the RLC data.

b. If the RLC/MAC header is incorrectly decoded (CRC check failed), the RTTI MS assumes that a CS-1 block has been sent and decodes it accordingly.

This solution increases decoding complexity compared to if stealing bits were available and indicated CS-1, but note that step 2b (decoding of CS-1) is less complex than step 2a (decoding of RLC data of MCS-1 to MCS-4). Therefore, the worst case decoding complexity is no higher than normal MCS-1 to MCS-4 decoding (which in turn is significantly less complex than MCS-9 decoding).
3.1.2 The difference compared to the proposed working assumption in [2] 

In [2], bullet 10, it was assumed that the four first bits of CS stealing flags should be used to be able to know if an RTTI block was transmitted. The RTTI MS does not need to decode the stealing bits but will decode the RTTI blocks and fail if it was not an RTTI block (CRC will fail). An MS may of course use the first four first bits of the stealing bits of the first block to get a hint that an RTTI block may have been sent but it may not be reliable and the bits may indicate a legacy CS-4 block. So this is something for implementations to consider and need not be a working assumption.  

3.2 8PSK

When 8PSK modulated RTTI blocks are sent in downlink, the solution is simpler. Only legacy EGPRS MS must be able to decode the USF (and, of course, RTTI MS). The legacy USF is always placed in the same bit positions in 8PSK modulated legacy blocks, irrespective of the MCS. Therefore, only the USF bits need to be reserved.

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 in each burst). Consequently, these nine bit positions are reserved for legacy purposes in 8PSK modulated bursts of RTTI blocks.

When the USF bits have been reserved for legacy purposes, there remain 348-9=339 bits per burst for the RTTI blocks. Over 10 ms on two timeslots, there are in total 1356 bits. Note that the RLC/MAC header (excluding USF) and RLC data part of the RTTI block will fit into 1348 bits without modification
. The remaining eight bits
 can be used as RTTI stealing bits to distinguish between the two header types (MCS-5 to MCS6 on one hand and MCS-7 to MCS-9 on the other hand) of RTTI blocks. The stealing bits can be directly mapped onto the RTTI bursts enabling differentiation between MSC-5 to 6, and MCS-7 to 9.
With this solution, legacy EGPRS MS will be able to decode the USF also when RTTI blocks are sent in the downlink.

3.2.1 The difference compared to the proposed working assumption in [2] 

In [2], bullet 11 it was assumed that the stealing flags, MCS-5 – 9, in the legacy PDCH direction would be needed for the RTTI MS to identify a block as an RTTI block. This is not required at all since the stealing bits are not needed even for USF detection and GPRS MSs cannot make use of those bits since 8PSK modulated. This means that the stealing flags can be used in RTTI direction to let the RTTI MS distinguish between different 8PSK modulated blocks avoiding any inclusion of additional stealing flags. 
4 Conclusion

It has been shown that the stealing bits for GMSK of RTTI blocks sent in DL should be used as:
· The SB are sent as today in 4 consecutive bursts on one PDCH.

· CS-4 encoding is used

· AN RTTI MS will be able to distinguish between CS1 encoded and MCS-1 to 4 encoded blocks by:

1. The RTTI MS deinterleaves the RTTI block (the interleaving is exactly the same for CS-1 as for MCS-1 to MCS-4).

· The RTTI MS assumes that an MCS-1 to MCS-4 block has been sent, decodes the RLC/MAC header.

·  If the RLC/MAC header is correctly decoded (CRC check ok), the RTTI MS continues to decode the RLC data.
2. If the RLC/MAC header is incorrectly decoded (CRC check failed), the RTTI MS assumes that a CS-1 block has been sent and decodes it accordingly.  

For 8PSK blocks the usage is:

· Stealing flags are not necessary to be sent in 20 ms direction in order for a legacy EGPRS MS to decode USF.

· Stealing flag positions can be used in the RTTI bursts to differentiate between MSC-5 to 6, and MCS-7 to 9 RTTI blocks.

The set of working assumptions of bullets 10 and 11 in [2] could look like:

10. If RTTI TBFs are multiplexed with legacy TBFs, in case of GMSK modulation, the RTTI MS will be able to decode an RTTI block without the need of decoding stealing bits.  
· A MS in RTTI TBF mode will be able to read a CS1-coded block (after 10 ms) by attempting to decode the RLC/MAC header of MCS-1 to MCS-4 and, if the decoding is unsuccessful, assuming that the block is a CS-1 block. 
11. If RTTI TBFs are multiplexed with legacy TBFs, in case of 8-PSK modulation, a MS in RTTI TBF mode will use stealing flag positions in the RTTI bursts to differentiate between MSC-5 to 6, and MCS-7 to 9 RTTI blocks 
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A.1 Block types

This annex contains a recapitulation of the multiplexing solution for RTTI and legacy blocks.
When RTTI is introduced, there will be two different radio blocks; the legacy radio blocks and the reduced TTI radio blocks. These are summarised in Table 2.

Table 2. Radio block types.
	TTI
	Bursts per radioblock
	Coding schemes
	Denotation

	20 ms
	4
	CS-1 to CS-4
	Legacy

	
	
	MCS-1 to MCS-4
	

	
	
	MCS-5 to MCS-9
	

	10 ms
	4
	CS-1
	RTTI

	
	
	MCS-1 to MCS-4
	

	
	
	MCS-5 to MCS-9
	


A.2 Dynamic uplink allocation using USF 
No matter what is sent on the downlink, the legacy as well as the RTTI MS must be able to decode the USF
. A high level description of the solution is given below. A detailed description can be found in ‎Annex B. 
Whether legacy or RTTI blocks are transmitted in the downlink, the USF is always sent the legacy way, i.e., mapped over four consecutive TDMA frames (20 ms). This is illustrated in Figure 3. The left part of Figure 3 shows the case when legacy radio blocks are sent in the downlink and the right the case when RTTI radio blocks are sent.
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Figure 3. Schematic illustration of USF mapping. The USF is always mapped over four consecutive TDMA frames (20 ms). Left: Legacy radio blocks are sent in downlink. Right: RTTI radio blocks are sent.

The USF will be read the same way but interpreted differently depending on whether the MS is a legacy MS or an RTTI MS. This is illustrated in Figure 4. The left part of Figure 4 shows the legacy case where a USF on one downlink timeslot allocates an uplink radio block on the same timeslot. The right part shows the RTTI case where a USF on downlink timeslot 0 allocates an RTTI radio block on the first 10 ms of timeslot 0 and 1, and a USF on downlink timeslot 1 allocates an RTTI radio block on the last 10 ms of timeslot 0 and 1.
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Figure 4. Allocation of uplink radio blocks to an MS using USF. Left: legacy MS. Right: RTTI MS.






� Same block formats, channel coding and interleaving. Subsequent to the normal interleaving, the unwanted USF bits will be punctured away (recall that the RTTI block should not have a USF of its own). Further, the burst mapping will differ in order to map the RTTI block on two timeslots and to avoid mapping on the reserved bits.


� Same block formats, channel coding and interleaving and bit swapping. Subsequent to the normal bit swapping, the unwanted USF bits will be punctured away (recall that the RTTI block should not have a USF of its own). Further, the burst mapping will be modified in order to map the RTTI block on two timeslots and to avoid mapping on the reserved bits.


� There are unused bits since no bits were reserved for legacy stealing bits.


� With the restrictions of today, i.e., a legacy GPRS MS cannot decode the USF in an 8PSK-modulated EGPRS block.
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