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Downlink Signalling in RTTI Mode
1 Introduction

Concerns about the usage of CS-1 for downlink signalling in RTTI mode have been discussed in [1]. The USF is encoded together with data in CS-1, so the MS must decode the whole CS-1 block in order to read the USF. This creates problems when sending USF to MSs that run a BTTI TBF on a radio timeslot serving both BTTI and RTTI TBFs.
This paper, which is an update of GP-070715, presents a method to send the signalling in RTTI downlink TBFs, and at the same time signal USF to BTTI TBFs. Noting that during the discussions on this subject at GERAN#34 MCS-1 there seemed to be an agreement to use MCS-1 instead of CS-1 for RTTI RLC/MAC signalling in multiplexing scenario with BTTI, a CR to 3GPP TS 44.060 has been created based on the principles in this paper and can be found in G2-070174 [2]. 
2 Background

Sending a CS-1 block in RTTI mode, and at the same time signal USF to MSs running BTTI TBFs, creates two problems [1]. The first problem is about distinction between CS-1 and MCS-1/MCS-4 and the second problem is the USF scheduling via the CS-1 block.
2.1 Distinction between CS-1 and MCS-1/MCS-4
2.1.1 Problem

When receiving GMSK modulated data, the MS running an RTTI TBF must be able to distinguish between two types of RTTI blocks

1. CS-1 for PACCH, i.e. RLC/MAC control signalling

2. MCS-1 to MCS-4 for RLC data, i.e. payload data transfer

Normally stealing bits are used to distinguish CS-1 from MCS-1/MCS-4. But the stealing bits cannot be used by the RTTI MS as they will be used for USF scheduling of BTTI TBFs.
2.1.2 Possible Solution
One solution could be to use blind detection as described below.

1. The RTTI MS de-interleaves the bits in the bursts comprising an RTTI block (the interleaving is the same for CS-1 as for MCS-1/MCS-4).

2. The RTTI MS assumes that an MCS-1/MCS-4 block has been sent, and 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.

2.1.3 Drawback with the possible solution
The drawback with the solution is that double decoding is necessary which increases decoding complexity.

2.2 USF Scheduling via CS-1
2.2.1 Problem

Since the USF is encoded together with the data in a CS-1 block, there are no bits available in the RTTI block to reserve for USF.

2.2.2 Possible Solution
One solution could be to puncture bits in the CS-1 block to give room for the USF [1]. The payload in the CS-1 block carried by those bits would then be substituted with USF bits and lost. Hence the downlink payload reception would be influenced. The current CS-1 coding scheme would need to be updated to minimize this influence.
2.2.3 Drawback with the possible solution
The drawback with the solution is that bits are punctured. This in turn degrades link performance of the RLC/MAC control messages, which is crucial for proper operation of the link.
3 Proposed Solution
The proposal is to use MCS-1 (instead of CS-1) for downlink signalling in RTTI mode. This solves both problems described above.

3.1 Layout of the CS-1 and MCS-1 Blocks
The entire CS-1 block, except for the MAC header, is 22 octets. The EGPRS RLC data block of the MCS-1 block is also 22 octets.
The solution for using MCS-1 for signalling purposes consists of two parts, see also Figure 1 below.
1. Include the entire CS-1 block (except for the MAC header marked red) in the EGPRS RLC data block of the MCS-1 block, marked green in Figure 1. 

2. Create a new simplified version of the MCS-1 RLC/MAC header (header type 3) especially designed for the purpose to carry signaling. Marked blue in Figure 1.
	CS-1
	MAC header
	RLC control header
	RLC/MAC control block


	MCS-1
	RLC/MAC header
	E
	FBI/TI
	EGPRS RLC data block


Figure 1: Mapping CS-1 onto MCS-1.
3.2 The Proposed MCS-1 RLC/MAC Header

The existing RLC/MAC header of a downlink CS-1 block is shown in Figure 2.
	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	

	Payload Type
	RRBP
	S/P
	
	USF
	
	MAC header

	RBSN
	RTI
	FS
	AC
	Octet 1 (optional)

	PR
	TFI
	D
	Octet 2 (optional)

	RBSNe
	FSe
	spare
	Octet 2/3 (optional) see note

	
	
	
	
	
	
	
	
	Octet M

	Control Message Contents
	.

.

.

	
	
	
	
	
	
	
	
	Octet 21

	
	
	
	
	
	
	
	
	Octet 22

	NOTE:
This optional octet is included in case of extended RLC/MAC control message segmentation. Its presence is indicated through the combination of RBSN bit and FS bit equal to (RBSN=’1’ and FS=’0’)


Figure 2: Downlink RLC/MAC control block together with its MAC header

The agreed RLC/MAC header for RL-EGPRS for downlink MCS-1 is shown in Figure 3.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	PANI
	CES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	
	SPB
	CPS
	BSN1
	4


Figure 3: RL-EGPRS downlink RLC data block header
for MCS-1, MCS-2, MCS-3 and MCS-4.

The proposed layout of the RLC/MAC header for MCS-1 downlink signalling is shown in Figure 4.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	Payload Type
	CES/P
	USF
	1

	CRC-16 (highest octet)
	2

	CRC-16 (lowest octet)
	3

	
	Spare
	CPS
	Spare
	4


Figure 4: New RLC/MAC header for MCS-1 Downlink Signalling.
To make it possible for the MS to identify the control block the CPS field is used (see section ‎3.3). Therefore the CPS field must be in the same bit positions in the new MCS-1 block carrying an RLC/MAC control message as in a regular MCS-1 block (carrying RLC data).

A 16-bit long CRC is also added to the header to compensate for the less robust channel coding of the MCS-1 block (compared with the channel coding of the CS-1 block). The length chosen corresponds to an error detection performance similar to the requirements of existing signalling performance like SACCH (0,002 % of the frames are assessed to be error free). The CRC will cover the EGPRS RLC data block of the MCS-1 block.
3.3 Identification of the MCS-1 Control Block

When receiving an MCS-1 block the MS must be able to identify what kind of message the block contains. This identification is proposed to be done via extra information in the CPS field.

The CPS field in header type 3 has reserved code points. One of those reserved code points is proposed to indicate that the MCS-1 block contains an RLC/MAC control message. For details see [2].
4 Other Possible Solution
It is also possible to use stealing-flags instead of the CPS field to distinguish between MCS-1 (legacy) and MCS-1 for signalling.  There are four “extra stealing flags” defined for MCS-1 to 4 that are not used today (only one code point defined). The advantages of using “extra stealing flags” and the CPS field are listed below:

Advantage of using “extra stealing flags”

· No CPS field is needed in the new RLC/MAC header.

Advantages of using CPS field

· Less impact on layer 1 since a new stealing flag decoder is not needed

· The “extra stealing flags” can be used for more suitable purposes, e.g. if a new header type with different channel coding is needed in future releases.
The advantages of using the CPS field are considered more important and this solution is therefore preferred.
5 Link performance

Figure 5 shows BLER versus SNR for CS-1 and MCS-1. It can be seen that MCS-1 is slightly less robust (<0.5 dB). Note though that bits are not stolen for USF in the simulated CS-1 coding scheme, which makes the comparison slightly pessimistic. The possible remaining performance difference is seen as acceptable.
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Figure 5: Link performance of CS-1 and MCS-1.
6 Conclusion

This contribution proposes that the MCS-1 can be used for downlink signalling in RTTI mode. Using MCS-1 has the following benefits:

· It will be easier for the MS to distinguish an RLC/MAC control block from an RLC data block.
· It will be possible for the network to perform USF scheduling for the uplink without modifying the CS-1 coding scheme or defining a new coding scheme
A corresponding CR to 3GPP TS 44.060 can be found in [2].
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