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Proposals for RTTI RLC/MAC control messages
1 Introduction

As discussed in previous meetings, the transmission of RLC/MAC control messages based on CS-1 cannot be used for TBFs in a RTTI configuration with BTTI USF mode, due to the need to signal the BTTI USF. For this reason, during GERAN#35, the definition of a new coding scheme (MCS-0), to be used in the scenario above, has been agreed [1].
At present, there are two possible proposals for the coding scheme to be used for MCS-0 [2]

 REF _Ref182045184 \w \h 
[3]. In this contribution the advantages and drawbacks of the two options are discussed, in order to decide which of the two to adopt. Both the proposals are based on the assumption to re-use the structure of Header Type 3 (see TS 44.060) to define a header which is encoded independently of the payload; the identification of such “Header Type 3 for control blocks” can be achieved through the definition of a specific codepoint of the CPS field, as already discussed in previous contributions. However, the two proposals differ in the definition of the content of the header and the coding of the payload part.
Note that the current assumption, as agreed in previous meetings, is that MCS-0 can only be used in the downlink; in the uplink, CS-1 is always used. In particular, the use of MCS-0 is mandatory in case of RTTI TBFs with BTTI USF mode, but optional for RTTI TBFs with RTTI USF mode.
2 Summary of current proposals

In this section, a reminder of the current proposals as contained in [2] and [3] is given. As a reference, the details of CS-1 coding when used for sending control messages on the PACCH are summarized below:
· header size: 8 bits (1 octet MAC header)

· payload size: 176 bits (22 octets)

· header and payload are encoded together

· 40-bit Fire code for error detection and correction

· rate ½ convolutional coder

2.1 Proposal A
The coding scheme for MCS-0 could be summarised as follows:

· RLC/MAC header size: 31 bits (containing the needed bits of RLC/MAC header of CS-1 coded control blocks)

· payload size: 160 bits (20 octets)

· header and payload are encoded separately; for the header, same coding as Header Type 3
· 18-bit CRC code for error detection of the payload (same as for SACCH/TP)

· rate 1/3 convolutional coder, with puncturing (180 punctured bits for the payload, code rate 
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This is summarised in Figure 1.
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Figure 1: Channel coding for MCS-0 Option A
The RLC/MAC header of MCS-0 could be defined as shown in Figure 2, showing that is possible to include all the needed fields of the MAC header and all the optional RLC octets of CS-1 coded control blocks.
	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	Payload type
	Spare
	RRBP
	S/P
	USF
	1

	D
	RBSN
	RTI
	FS
	2

	FSe
	PR
	TFI
	3

	
	RBSNe

(bits 1-2)
	CPS
	RBSNe
(bit 0)
	4


Figure 2: RLC/MAC header for MCS-0 Option A
Note 1: RRBP should be reduced to 1 bit for RL-EGPRS TBFs.
Note 2: the AC bit might not be needed

Figure 3 shows the performance of the new coding scheme; it can be seen that the initial transmission of MCS-0 is not as robust as the CS-1 transmission; in other words, that there is a degradation with respect to CS-1 in BTTI configuration (although, as shown in [2], MCS-0 slightly outperforms CS-1 in RTTI configuration). This is due to the frequency diversity loss in case of RTTI. A loss of approximately 1 dB when compared to BTTI CS-1 occurs at 5% FER, while almost 1.8 dB is observed at 1% FER. Hence, it is likely that some means of improving the control channel coding might be necessary to increase the reliability of the control messages in case of RTTI.
In order to improve the performance, in [2] it was proposed that two puncturing schemes could be defined for MCS-0 (by reserving two codepoints in the CPS field), which would allow the use of IR when re-transmission of a given control block is required (in a sense this would enable a sort of “Repeated PACCH” behaviour). However, after the approval of one CR for EGPRS-2 [4], only one codepoint is left for the CPS field. This leaves two options:
1. Use Chase combining; this is possible because the RTI field and the RBSNe field indicate the message number and the number of the segment within each message, and requires the definition of only one puncturing scheme;
2. Use IR; the spare bit (bit 6 of octet 1) could be used to indicate the Redundancy Version (0 = first transmission, 1 = second transmission). In fact, that spare bit could even be used to expand the CPS field, in case there are concerns about using the last remaining codepoint for that field.
The performance of these combining schemes for Option A has been simulated, and the results are shown in Figure 3. 
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Figure 3: Performance of MCS-0 Option A

The simulated puncturing patterns are (for Chase combining, only P1 is used):

	P1
	{C(2+3j) for j = 0,1,...,183} are not transmitted except {C(k) for k = 68, 206, 344, 482} which are transmitted

	P2
	{C(k) for k = 68, 206, 344, 482 and C(1+3j) for j = 0,1,...,183} are not transmitted except {C(37+69k) for k = 0,1,...,7} which are transmitted


Assuming a reference performance of BLER = 5%, Chase combining provides a gain of approximately 3 dB with respect to a single transmission, while IR provides a gain of approximately 4 dB. 
One disadvantage of Option A is that the payload size is always 20 octets, while for CS-1 it is always 22 octets (2 of which may be used for the optional header). This means that the BSS may need to segment messages in two different ways depending on the coding scheme with which it is sent. However, this is not seen as a problem by the sourcing companies.
2.2 Proposal B

Proposal B is based on what described in [3], which suggests redefining the RLC/MAC header as below (note that the figure has been modified from the original proposal in [3], and a CRC of 18 bits instead of 16 is shown):
	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	Payload Type
	CES/P
	USF
	1

	CRC-18 (bits 0-7)
	2

	CRC-18 (bits 8-15)
	3

	
	CRC-18 (bits 17-18)
	CPS
	Spare
	4


Figure 4: RLC/MAC header for MCS-0 Option B
The advantage of this solution is that it maintains a payload size of 22 octets (as in the legacy CS-1 based approach) while a 18-bit CRC sequence, calculated on the 176 (22 octets) payload bits, is added to the header to compensate for the lower error detection capabilities of MCS-1 (when compared with the channel coding of the CS-1 block).
Given that the data is protected by the 18-bit CRC included in the header, there is no need to add a further CRC sequence at L1 during the data coding. By doing so, it is possible to achieve a code rate of 
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With this proposal it is not be possible to apply IR or Chase combining, because no information is available in the RLC/MAC header to derive the message number (and possibly segment) and therefore correlate the repetitions of the same control block. This also suggests that there is no real advantage to have separate header and payload coding with this proposal.
Another concern with the proposal as in [3] is that the CRC calculation is performed at L2, whereas this is a function that pertains to L1. One possibility could be to modify the proposal so that the CRC is inserted in the header not at L2 but at L1. In other words, the header – as defined at L2 – would be as follows:
	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	Payload Type
	CES/P (note)
	USF
	1

	0
	0
	0
	0
	0
	0
	0
	0
	2

	0
	0
	0
	0
	0
	0
	0
	0
	3

	
	0
	0
	CPS
	Spare
	4


Figure 5: Alternative RLC/MAC header for MCS-0 Option B
Note: whether these bits should be CES/P or RRBP+S/P+spare as in Figure 2 is TBD

That is the header that L1 receives from L2; L1 will calculate the 18-bit CRC for the payload, and insert it into the '0' bits of the header before header coding. So it would be only at L1 that the header becomes as shown in Figure 4.
3 Conclusions
In this document, both proposals A and B for MCS-0 (i.e. the coding scheme for RLC/MAC control messages in RTTI configurations) have been studied.
Proposal A allows the use of retransmission and combining of messages (either using Chase combining or IR), further increasing the robustness of the PACCH for TBFs in RTTI configuration. On the other hand, proposal B maintains a payload size of 22 octets and does not require a fixed RLC/MAC header (whose fields are not always needed).

Given the analysis performed in this contribution, the sourcing companies propose that Option A is chosen as the solution for the definition of MCS-0.
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