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1 Introduction

ECSD is especially well suited for unacknowledged services since it is designed with a large interleaving depth. However, a user-data RAB based on ECSD must also be able to handle acknowledged operation in order to convey signaling in a secure manner. One kind of signaling on the Iu-ps interface is SIP signaling. 

This contribution includes an impact assessment on the GSM 04.60 specification in addition to the RLC/MAC proposal. The RLC/MAC proposal in this paper is identical to Tdoc GAHW-000178, “RLC/MAC proposal using TCH/E-TCH channel coding”, 3GPP TSG GERAN Adhoc #3, Orlando, Florida, December 11-15, 2000.

2 Overview

The header and the payload are assembled into an RLC/MAC PDU as depicted in Figure 1 below. The whole block is then coded as one block, i.e., the header and the payload are coded together. Details of the ECSD coding parameters are available in the appendix.
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Figure 1. Header and payload are concatenated into one block which is then encoded by one of the ECSD channel coding schemes.

Control signaling, e.g., SIP signaling, will be conveyed over the RAB in addition to the user data. Since the control signaling has high integrity demands, an acknowledged RLC/MAC mode is defined in addition to the unacknowledged user data mode. An erroneously received block implies that the header cannot be read since the header is protected by the same channel code as the payload. The result is that the receiving end only can transmit acknowledgements, and the protocol implementation must be adapted to that.

3 RLC/MAC PDU proposal

The GPRS header was the starting point for the design of the RLC/MAC header proposal. However, all fields used in GPRS are not necessary, e.g., there is no point in reusing GPRS’s RRBP-field since the RAB is dedicated. Hence, the proposed header, presented in Figure 2 below, is a reduced version of the GPRS header. 
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Figure 2. RLC/MAC block proposal.

3.1 TFI

Temporary flow identifier. The receiver determines which TBF a received RLC/MAC block belongs to by examination of the TFI field. Note that all flows belong to the same MS since the channel is dedicated. 

3.2 P

Polling bit. This bit is set if the receiver is polled for an ACK/NACK report. P=0 implies that polling should be ignored, while P=1 requires that the receiver sends an ACK/NACK report to the transmitter. The current definition of the polling bit (denoted S/P in GSM 04.60) is to validate the RRBP field which, in turn, schedules the ACK/NACK report. However, since ECSD coding only is used on dedicated channels we do not need to schedule the ACK/NACK reports with respect to other users, and hence one polling bit is enough.

3.3 PT

Payload type. If PT=1 then the RLC/MAC block contains user data, and if PT=0 then the RLC/MAC-block contains control information.

3.4 BSN

Block sequence number. The block sequence number consists of 8 bits which gives a total of 256 different BSNs. 

The BSN is used in unacknowledged operation to secure detection of missing RLC/MAC PDUs. A missing RLC/MAC PDU may otherwise result in the delivery of an erroneous segment to the upper-layer without further actions. The use of BSN is required during acknowledged operation.

3.5 Length indicator

The length indicator field is 7 bits long since all ECSD coding schemes offer an RLC/MAC-payload that is ( 107 octets in length (see Appendix). The reader may notice that the length indicator design was taken from the EGPRS specification in 04.60 and not from the GPRS specification. The reason for this is that GPRS’s length indicator only comprises 6 bits, and it can only address roughly half of the largest ECSD block. Hence, two six-bit length indicators are necessary to address a whole ECSD block. Instead, we reuse the length indicators from EGPRS.

The Length indicator is used to delimit upper-layer PDUs within the RLC data block. The first Length Indicator shall indicate the number of octets of the RLC data field belonging to the first upper-layer PDU, and the second Length Indicator shall indicate the number of octets of the RLC data field belonging to the second upper-layer PDU, etc. The final RLC data block of a TBF shall have a Length indicator field unless the final upper-layer PDU fills the RLC data block exactly. 

The LI field is 7 bits in length and shall be encoded as a binary number with range 1 to 107. The value 0 shall indicate that no upper-layer PDU boundary exists. In this case the E bit shall be set to ‘1’ on the transmitting side. The value 127 (111 1111) shall indicate that there is no following upper-layer PDU. All other values are reserved.

LI and E


LI=Current upper-layer length, E= 0
followed by LI=127, E=1
No upper-layer data after the current upper-layer PDU

Current upper-layer length 0
followed by LI¹127
A new upper-layer PDU starts after the current upper-layer PDU and there is another extension octet, which delimits the new upper-layer PDU

LI=Current upper-layer length, E= 1
A new upper-layer PDU starts after the current upper-layer PDU (if it did not fill the entire RLC block) and continues until the end of the RLC information field, no more extension octets

Table 1. LI field and the E bit.

3.6 BCS

Block check sequence. An 8-bit block check sequence is defined for the header, and a 16-bit block check sequence is optional for the payload. Inclusion of the payload-BCS is negotiated during RAB setup.The header-BCS prevents the RLC/MAC-layer from delivering segments with bad framing to the upper-layer. The payload-BCS decreases the probability of delivering erroneous segments to the upper-layer. Some upper-layer implementations may require “error-free” delivery, and the payload-BCS is defined for such applications.

3.7 Padding 

Padding has a length such that the PDU has the required predefined total length. Padding may have any value and the receiving entity shall disregard it.

4 Impacts on GSM 04.60

This section lists some foreseeable impacts of ECSD’s large interleaving depth on the RLC specification in GSM 04.60.

4.1 BSN field length

The proposed BSN field is 8 bits long which corresponds to an ARQ-window of 128. This corresponds to a transmission time of roughly 128*20 ms = 2.56 seconds since the time granularity is 20 ms.

The ARQ-window must be sufficiently long to avoid a stall condition. This means that the ARQ-window must cover more than the round trip time (RTT). The minimum RTT for ECSD is 220 ms since the interleaving depth is 110 ms. However, the available ARQ-window is much larger (2.56/0.220 > 10 times) than the minimum RTT.

The RLP protocol which provides Data Link Services to circuit-switched services is specified in GSM 04.22. RLP offers acknowledged operation with 64 BSNs for TCH/F4.8 and TCH/F9.6, and 512 BSNs for TCH/F14.4, TCH/F28.8, and TCH/F43.2. This corresponds to a BSN-field of either 6 bits or 9 bits. Our proposed 8-bit field thus seems reasonable.

4.2 Procedures and timers

The RLC procedures described today in GSM 04.60, section 9, are intended for GPRS and EGPRS. This implies that all procedures, and hence all timers, are based on an interleaving delay of 20 ms. It is therefore necessary to increase all timers that are associated with a 20 ms interleaving delay to accommodate an interleaving delay of 110 ms.

4.2.1 Timers in section 9 of GSM 04.60

Section 9 in GSM 04.60 describes RLC procedures during packet transfer. Below is a list of RLC-level timers that might be affected by an increased RTT:

Mobile side:

Timer
Description
Setting

T3182:
Wait for packet uplink ACK/NACK report after sending the last data block, or time out a transmit-window stall condition.
5 sec

T3184:
Time out the period between ACK/NACK-reports.
5 sec

T3198:
This timer has to expire before accepting an ACK/NACK-report in the mobile station. Every uplink RLC/MAC block has one instance each of T3198.
BS_CV_MAX blocks

T3200:
RLC/MAC control block reassembly guard.
4*BS_CV_MAX blocks

The values of timers T3182 and T3184 are 5 seconds respectively. They are therefore unlikely to be affected by an RTT that has changed from 40 ms to 220 ms. The timer settings for T3198 and T3200 depends on the variable BS_CV_MAX. A larger RTT demands a larger T3198-setting. One solution to this could be that all ECSD-users extend their T3198 and T3200 timers, in absolute time, by multiplication with a constant. This constant should be chosen so that not valid ACK/NACK reports are avoided, and so that the control block reassembly is interrupted by T3200 after a fair amount of time.

The timers on the network side are all involved with the release of TFIs, and their settings are quite large (usually 5 sec).

4.3 Reassembly of RLC blocks into LLC blocks

Reassembly of RLC blocks into upper-layer PDUs, described in GSM 04.60 section 9.1.12, needs to be updated with a table. The table describes the number of fill bits that may be used in case a block is missing in unacknowledged mode:

TCH/F9.6



240 bits

TCH/F14.4



290 bits

TCH/F28.8



576 bits

TCH/F32.0



640 bits

TCH/F43.2



870 bits

4.4 Packet ACK/NACK reports

The ACK/NACK reports must be able to convey ACK/NACK bitmaps that are 128 bits wide instead of 64 bits (as in GPRS) since a 128 bits wide ARQ window is proposed. The smallest payload for the proposed circuit-switched bearers is 240 bits (TCH/F9.6), and the question is hence if a 240-bit block can convey a full 128-bit bitmap. 

Note that EGPRS-style ACK/NACK reports may be a solution if an 128-bit bitmap is considered as too large.

4.4.1 Uplink

The bits in the uplink ACK/NACK-report are distributed in the following manner:

Page mode




2

UL TFI





5

Channel coding



2

ACK/NACK description


72

Contention resolution



32

Packet timing advance


13

Power ctrl parameters



9 (for 1-slot MS)

Extension bit LI



6

Fixed allocation param.


32+”Allocation Bitmap Length”

_____________________________________________________________

Sum





173

If the ”Allocation Bitmap Length” is zero bits long, then 240-173=67 bits are available for an extended ACK/NACK bitmap. It hence appears as if a 240-bit block is too small to carry GPRS-style bitmaps.

4.4.2 Downlink

The bits in the uplink ACK/NACK-report are distributed in the following manner:

Downlink TFI




5

ACK/NACK description


72

Channel Request Description


24

Channel Quality Report


19

__________________________________________

Sum





120

There are 240-120=120 bits for use as ACK/NACK report and only 64 bits are needed to report the proposed ARQ window.

5 Summary

We have presented an RLC/MAC design, based on GPRS and EGPRS, intended for streaming services on dedicated channels.

The header consist of only five fields: temporary flow indicator, polling bit, payload type, block sequence number, and length indicator. Block check sequence is mandatory on the header while the check sequence is optional on the payload.

The protocol enables a user to have up to 32 flows simultaneously. The protocol also features an acknowledged mode which is intended for transfer of error-sensitive transmissions, e.g., control information.

The BSN width is in parity with the RLP protocol as specified in GSM 04.22. The conclusion is hence that the BSN width is sufficient. Timers on RLC level may be affected by the larger RTT, however, the ECSD users can adopt to a larger RTT by multiplication of the BS_CV_MAX system-information parameter with a constant. The constant is chosen so that the timers are adapted to a 220 ms RTT.

The necessary space for GPRS-style ACK/NACK bitmaps in the uplink is limited for small block sizes as used in, e.g., TCH/F9.6. Therefore, it may be necessary to resort to EGPRS-style ACK/NACK bitmaps.

Appendix

Coding parameters

The long interleaving and the robust coding of the circuit switched bearers, including the EDGE circuit switched data rates, make them an excellent candidate for streaming and conversational services. TCH/F9.6 and TCH/F14.4 are two examples of circuit switched coding schemes and some of their parameters are presented in Table 2.


TCH/F9.6
TCH/F14.4

Nr of payload bits
240
290

Nr of coded bits
488
588

Nr of punctured bits
32
132

Table 2. Code parameters for the circuit switched data rates.

The ECSD coding schemes offer three data rates: 28.8 kbps, 32.0 kbps, and 43.2 kbps. These coding schemes are referred to as E-TCH/F28.8, E-TCH/F32.0, and E-TCH/F43.2 respectively. All three coding schemes use a rate R=1/2 convolutional code with memory 6 and diagonal interleaving over 22 bursts. In addition to the convolutional code, E-TCH/F28.8 and E-TCH/F32.0 use a Reed-Solomon code over GF( EQ 2\S(8) ) to attain a more robust coding. In Table 3 some details of the ECSD coding schemes are presented. Note that the number of coded bits after puncturing is 1368 in ECSD. 


E-TCH/F28.8
E-TCH/F32.0
E-TCH/F43.2

Nr of payload bits
576
640
870

RS code
RS(85,73)
RS(92,80)
-

Nr of coded bits
1372
1484
1752

Nr of punctured bits
4
116
384

Table 3. Code parameters for the ECSD data rates.

The interleaving depth is either “8-diagonal” over 2 TDMA-frames (general conversational) or “22-interleaving” over 22 bursts (streaming). This accounts to a delay of 40 ms for “8-interleaving” and 110 ms for “22-interleaving”. Note that the granularity both for “8-interleaving” and “22-interleaving” is 20 ms.
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