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One Phase Access Support for LATRED and EGPRS2
1. Introduction

In EGPRS, the EGPRS PACKET CHANNEL REQUEST message was introduced to allow the indication at random access of the support of EGPRS and, by means of Training Sequence signaling, 8PSK. This enables the use of EGPRS at one-phase access hence avoiding the time-consuming two-phase access which would otherwise be needed to establish an EGPRS TBF. The EGPRS PACKET CHANNEL REQUEST can be used on CCCH and PCCCH. It is widely used in EDGE networks deployed today.

With the introduction of EGPRS2 and Latency Reduction features, a similar problem as encountered in the specification of EGPRS arises. In order to avoid the need for two-phase access when establishing a TBF using these features, it is necessary to provide an indication of support of these features at one phase access. This document proposes two solutions to this issue which so far has been overlooked during the standardization of EGPRS2 and LATRED.

The sourcing companies believe that fixing this issue in Rel-7 is essential.

2. Background
2.1 EGPRS PACKET CHANNEL REQUEST
The EGPRS PACKET CHANNEL REQUEST message uses the 11-bit format access burst format on (P)RACH. It is defined in 3GPP TS 44.060.

	Training Sequence (3GPP TS 45.002)
	Bits 11…1
	Packet Channel Access

	TS1
	<EGPRS Packet channel request message content>
	EGPRS with 8PSK capability in uplink

	TS2
	<EGPRS Packet channel request message content>
	EGPRS without 8PSK capability in uplink


Table 1. EGPRS PACKET CHANNEL REQUEST message content

	< EGPRS Packet channel request message content > ::=


< One Phase Access Request :






0
< MultislotClass : bit (5) >




















< Priority : bit (2) >




















< RandomBits : bit (3) >>


| < Short Access Request :








100
-- The value 100 was allocated in an earlier version of the protocol and shall not be used by the mobile station



< NumberOfBlocks : bit (3) >




< Priority : bit (2) >




< RandomBits : bit (3) > >


| < Two Phase Access Request :






110000
< Priority : bit (2) > 




















< RandomBits : bit (3) >> 


| < Signalling :












110011
< RandomBits : bit (5) >>


| < One phase Access Request in RLC unack mode :
110101
< RandomBits : bit (5) >>


| < Dedicated Channel Request :






110110
< RandomBits : bit (5) >>


| < Emergency call :










110111
< RandomBits : bit (5) >>;


Table 2. EGPRS PACKET CHANNEL REQUEST message content
From the table above it can be seen that cause values ‘101xxxxxxxx’ and ‘111xxxxxxxx’ are unused. Note that ‘100xxxxxxxx’ cannot be used.

2.2 One Phase Access, Two Phase Access

The message flows during one phase and two phase access are compared on Figure 1. In two phase access, the network acquires the mobile station’s radio access capabilities by transmission of the PACKET UPLINK ASSIGNMENT message including the Access Technologies Request structure. Upon reception of this message, the mobile station shall transmit the PACKET RESOURCE REQUEST message including the MS Radio Access Capability 2 IE. As can be seen on the figure the acquisition process takes significantly long time and delays the uplink data transfer.
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Figure 1: Mobile Initiated Data Transfer
2.3 EGPRS2 and LATRED Capabilities

In the specification of EGPRS2 it was defined that:

· A mobile station supporting EGPRS2 shall support EGPRS

· A mobile station supporting EGPRS2 in uplink shall support EGPRS with 8PSK capability in uplink

In the specification of Latency Reduction features (FANR, RTTI) it was defined that

· A mobile station supporting LATRED shall support both FANR and RTTI

· A mobile station supporting LATRED shall support EGPRS
3. Proposals

3.1 General

Two mutually exclusive solutions to the problem have been identified that are highlighted below, namely Proposal A and Proposal B.

3.2 Proposal A

3.2.1 Part 1 – Fixing EGPRS2
It is proposed to indicate at One Phase Access the support of EGPRS2 (for the uplink) and Latency Reduction features by means of TS1, TS2, and the unused ‘1x1xxxxxxxx’ cause values as follows:

· TS1, ‘1x1xxxxxxxx’: indicates support of EGPRS2-A and EGPRS2-B in the uplink

· TS2, ‘1x1xxxxxxxx’: indicates support of EGPRS2-A in the uplink

· When an EGPRS Packet Channel Request message is received with the cause values above, the 2nd bit indicates whether LATRED is supported (‘1’) or not (‘0’)

This leaves 8 bits to accommodate the Radio Priority (2 bits), the Random Bits (3 bits) and the Multislot Class (5 bits). It is necessary however to preserve the indication of Radio Priority and Random Bits, therefore it is proposed not to indicate the exact multislot class, but to indicate instead the mobile station’s Tx capabilities to the network with the remaining 3 bits as follows: 
	MS Tx Capability
	Maximum number of Tx slots

	0 0 0
	1

	0 0 1
	2

	0 1 0
	3

	0 1 1
	4

	1 0 0
	5

	1 0 1
	6

	1 1 0
	7

	1 1 1
	8

	NOTE: for a LATRED capable MS, the minimum number of Tx slots is 2, hence MS Tx Capability ‘000’ shall not be used for such MS


Table 3: MS Tx Capability
The proposed changes to the Packet Channel Access for TS1 and TS2, and the content of the EGPRS Packet Channel Request message are shown in the tables bellow.
	Training Sequence (3GPP TS 45.002)
	Bits 11…1
	Packet Channel Access

	TS1
	<EGPRS Packet channel request message content>
	EGPRS with 8PSK capability in uplink.

If received in combination with 1x1xxxxxxxx cause values: 
EGPRS with 8PSK capability in uplink; and
EGPRS2-A and EGPRS2-B

	TS2
	<EGPRS Packet channel request message content>
	EGPRS without 8PSK capability in uplink
If received in combination with 1x1xxxxxxxx cause values: 
EGPRS with 8PSK capability in uplink; and
EGPRS2-A 


Table 4. EGPRS PACKET CHANNEL REQUEST message content

	< EGPRS Packet channel request message content > ::=


< One Phase Access Request :






0
< MultislotClass : bit (5) >




















< Priority : bit (2) >




















< RandomBits : bit (3) >>


| < Short Access Request :








100
-- The value 100 was allocated in an earlier version of the protocol and shall not be used by the mobile station



< NumberOfBlocks : bit (3) >




< Priority : bit (2) >




< RandomBits : bit (3) > >


| < EGPRS2 OPA Request no FANR RTTI


101

< MS Tx Capability: bit(3) >




















< Priority : bit (2) >




















< RandomBits : bit (3) >>


| < Two Phase Access Request :






110000
< Priority : bit (2) > 




















< RandomBits : bit (3) >> 


| < EGPRS2 OPA Request FANR RTTI



111

< MS Tx Capability: bit(3) >




















< Priority : bit (2) >




















< RandomBits : bit (3) >>


| < Signalling :












110011
< RandomBits : bit (5) >>


| < One phase Access Request in RLC unack mode :
110101
< RandomBits : bit (5) >>


| < Dedicated Channel Request :






110110
< RandomBits : bit (5) >>


| < Emergency call :










110111
< RandomBits : bit (5) >>;


Table 5. EGPRS PACKET CHANNEL REQUEST message content
3.2.2 Part 2 - Fixing EGPRS with LATRED

In the multislot class field sent for ‘One Phase Access Request”, the three last values (‘11101’,’11110’,’11111’) are reserved which could be used to indicate LATRED support when One Phase Access is requested. 

The following indications would be provided through the Multislot Class: 

· “11101”:
When one phase access is requested, indicates the MS multislot class allows 
2 or 3 Tx (i.e. multislot classes 5,6,7,9,10,11,19,20,25, 24,31,32,37,41,42)
· “11110”: When one phase access is requested, indicates the MS multislot class allows 
4 or 5 Tx (i.e. multislot classes 12, 38, 21, 22, 26, 27, 33, 34, 39, 43, 44)
· “11111”: When one phase access is requested, indicates the MS multislot class allows 
at least 6 Tx (i.e. multislot classes 23, 28, 29, 45)
3.3 Proposal B

3.3.1 Part 1 - Indication of LATRED Support
The key aspects in this proposal are the ability for early assignment of RTTI configuration, whether or not the MS supports EGPRS2. The support of EGPRS2 is signaled separately in subsequent uplink RLC/MAC blocks for data transfer.
It is proposed to indicate at One Phase Access the support of Latency Reduction features with the unused ‘101xxxxxxxx’ cause values as follows:

· ‘101mmmpprrr’: One Phase Access, Latency Reduction features supported

The 8 bits ‘mmmpprrr’ would be assigned to:

· MS Tx Capability: 3 bits (following a similar reasoning as in sub-clause 3.2.1).
· Radio Priority: 2 bits

· Random Bits: 3 bits

The changes to the EGPRS PACKET CHANNEL REQUEST message are depicted below. Note that the Packet Channel Access meaning for TS1/TS2 remains unchanged.

	Training Sequence (3GPP TS 45.002)
	Bits 11…1
	Packet Channel Access

	TS1
	<EGPRS Packet channel request message content>
	EGPRS with 8PSK capability in uplink.

	TS2
	<EGPRS Packet channel request message content>
	EGPRS without 8PSK capability in uplink 


Table 6. EGPRS PACKET CHANNEL REQUEST message content

	< EGPRS Packet channel request message content > ::=


< One Phase Access Request :






0
< MultislotClass : bit (5) >




















< Priority : bit (2) >




















< RandomBits : bit (3) >>


| < Short Access Request :








100
-- The value 100 was allocated in an earlier version of the protocol and shall not be used by the mobile station



< NumberOfBlocks : bit (3) >




< Priority : bit (2) >




< RandomBits : bit (3) > >


| < OPA Request FANR RTTI







101
< MS Tx Capability : bit(3) >



















< Priority : bit(2) >




















< RandomBits : bit (3) >

| < Two Phase Access Request :






110000
< Priority : bit (2) > 




















< RandomBits : bit (3) >> 


| < Signalling :












110011
< RandomBits : bit (5) >>


| < One phase Access Request in RLC unack mode :
110101
< RandomBits : bit (5) >>


| < Dedicated Channel Request :






110110
< RandomBits : bit (5) >>


| < Emergency call :










110111
< RandomBits : bit (5) >>;


Table 7. EGPRS PACKET CHANNEL REQUEST message content

Note that Proposal B is using only one set of unused cause (values ‘101xxxxxxxx’) hence leaving one remaining set (‘111xxxxxxxx’) for future use.
3.3.2 Part 2 – Indication of EGPRS2 support

During contention resolution at one phase access, the MS transmits uplink RLC data blocks to the network. It can be observed that both EGPRS2-A and EGPRS2-B contain EGPRS MCSs as part of their modulation and coding scheme families, as shown below. Therefore the initial use of the appropriate EGPRS MCS will allow the subsequent use of EGPRS2-specific modulation and coding schemes without any disruption at RLC, and with minimum impact to the data transfer during contention resolution:

EGPRS2-A

Family A:
MCS-3 (37 bytes); MCS-6 (74 bytes); UAS-9 (2x74bytes)

Family B:
MCS-2 (28 bytes); MCS-5 (56 bytes); UAS-7/10 (2/3 x56 bytes)

Familly C:
MCS-1 (22 bytes); MCS-4 (44 bytes)
EGPRS2-B

Family A:
MCS-3 (37 bytes); UBS-6/8/10/12 (1/2/3/4 x74bytes)

Family B:
MCS-2 (28 bytes); UBS-5/7/9 (1/2/3 x56 bytes)

Familly C:
MCS-1 (22 bytes); MCS-4 (44 bytes)
The following observations can also be made:

· The mobile station assigned only an uplink TBF (especially true during contention resolution) and using reduced latency will not send any PAN (there is no downlink TBF ongoing for this MS) – i.e. PANI bit is meaningless during that time.

· The RSB bit has not been introduced for EGPRS2, but remains in the EGPRS uplink RLC/MAC headers although likely unused.

It is therefore proposed that during contention resolution the EGPRS2 capable MS indicate within the RLC/MAC header of the RLC/MAC blocks for data transfer whether it supports {EGPRS2-A} or {EGPRS2-A and EGPRS2-B} by using one bit to indicate EGPRS2 support in uplink, and another bit to indicate whether {EGPRS2-A} or {EGPRS2-A and EGPRS2-B} are supported. Based on the observations above, the [PANI / one spare bit] and RSB bit could be reused for that purpose. This indication needs to be included within the header type 2 (used for MCS-5 and MCS-6) and header type 3 (used for MCS-1 to MCS-4). No modification is required for header type 1, since it is proposed that MCS-7 to MCS-9 will not be used during contention resolution.

In case the mobile station is assigned an uplink EGPRS TBF using reduced latency:

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	CPS
	BSN1
	3

	Spare
	PANI
	PI
	RSB
	CPS
	4

	
	Spare
	5


Figure 2: Header Type 2 (MCS-5 and MCS-6) – Reduced Latency

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	CPS
	BSN1
	3

	
	PANI
	PI
	RSB
	SPB
	CPS
	4


Figure 3. Header Type 3 (MCS-1 to MCS-4) – Reduced Latency

In case the mobile station is assigned an uplink EGPRS TBF not using reduced latency:

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	CPS
	BSN1
	3

	Spare
	E2S
	PI
	RSB
	CPS
	4

	
	Spare
	5


Figure 4: Header Type 2 (MCS-5 and MCS-6) – No Reduced Latency

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	CPS
	BSN1
	3

	
	E2S
	PI
	RSB
	SPB
	CPS
	4


Figure 5. Header Type 3 (MCS-1 to MCS-4) – No Reduced Latency

It is proposed to assign the meaning of PANI/E2S and RSB bits as follows during contention resolution:

	PANI / E2S
	RSB
	Meaning

	0
	0
	EGPRS2 not supported

	0
	1
	reserved

	1
	0
	EGPRS2-A supported

	1
	1
	EGPRS2-A and EGPRS2-B supported


During contention, the MCS (hence header type) the MS shall use shall obey the following rule. If the MS is ordered to use a specific commanded MCS by the network (i.e. in the assignment message following the random access), the MS shall use that MCS if it belongs to the EGPRS2-A modulation and coding schemes (MS not supporting EGPRS2-B) or EGPRS2-B modulation and coding schemes (MS supporting EGPRS2-B), and if not it shall use the next MCS, in the same family as depicted in the table below.

	MS EGPRS2 UL support
	Commanded MCS (Family)

	
	MCS-1 (C)
	MCS-2 (B)
	MCS-3 (A)
	MCS-4 (C)
	MCS-5 (B)
	MCS-6 (A)
	MCS-7 (B)
	MCS-8 
(A pad)
	MCS-9 (A)

	EGPRS2-A
no EGPRS2-B
	MCS-1
	MCS-2
	MCS-3
	MCS-4
	MCS-5
	MCS-6
	MCS-5
	MCS-6
No padding
	MCS-6

	EGPRS2-B
	MCS-1
	MCS-2
	MCS-3
	MCS-4
	MCS-2
	MCS-3
	MCS-2
	MCS-3

No padding
	MCS-3


Table 8. MCS to use during contention resolution as a function of the commanded MCS

After contention resolution is completed at the MS side, the MS shall set the PANI and RSB bits as currently defined in the specification.

4. PROs and Cons

The pros and cons between the different proposals are listed below
	
	Proposal A
	Proposal B

	Pros
	Pure one phase access: capabilities known at random access

No change to RLC/MAC header
	EGPRS supported equally well as EGPRS2 (in terms of LATRED)

One set of cause values in the EGPRS PCR available for future use.

	Cons
	No cause value in EGPRS PCR remain available for future use

Multislot class indication for EGPRS + LATRED highly reduced 


	“1.5” phase access in terms of EGPRS2 – change to RLC/MAC header

EGPRS2 capability unknown at random access


5. Conclusions

This document describes two proposals A and B to allow one phase access for LATRED and EGPRS2 reusing the EGPRS PACKET CHANNEL REQUEST message. Proposal A consists in indicating at random access the support of EGPRS2 in uplink and/or LATRED. Proposal B focuses instead on indicating first the support of LATRED at random access, and then the support of EGPRS2 during contention resolution. Both proposals are unable to indicate the exact multislot class of the terminal at random access when EGPRS2 and/or LATRED capability is signalled. To tackle this, a shorter field is introduced which signals the mobile station’s transmit capability i.e. max total number of transmit slots. In case of Proposal A however, LATRED support for EGPRS requires more severe restriction to the signalling of the MS transmit capability. 
The pros and cons of each proposal are evaluated, on the basis of which our preference is to introduce Proposal B. The main reasons are summarized bellow
· The LATRED support indication is included in the EGPRS PACKET CHANNEL REQUEST message, which seems to be crucial from the UL TBF assignment point of view; and
· The mobile station’s transmit capability is signalled with the same granularity for EGPRS and EGPRS2 capable mobile stations which guarantees equal treatment for EGPRS and EGPRS2; and
· The “kind of” slow start when EGPRS2 modulation and coding schemes cannot be used during contention resolution seems acceptable because the network will anyway not probably try to use high modulation and coding schemes due to the lack of channel quality measurements; and
· Also one set of cause values in the EGPRS PACKET CHANNEL REQUEST is available for future use.
It should be noted an indication needs to be broadcast by the network (GPRS Cell Options IE) to allow the MS to use the proposals.
6. ANNEX A: Multislot Classes (3GPP TS 45.002)

	Multislot class
	Maximum number of slots
	Minimum number of slots
	Type

	 
	Rx
	Tx
	Sum
	Tta
	Ttb
	Tra
	Trb
	 

	1
	1
	1
	2
	3
	2
	4
	2
	1

	2
	2
	1
	3
	3
	2
	3
	1
	1

	3
	2
	2
	3
	3
	2
	3
	1
	1

	4
	3
	1
	4
	3
	1
	3
	1
	1

	5
	2
	2
	4
	3
	1
	3
	1
	1

	6
	3
	2
	4
	3
	1
	3
	1
	1

	7
	3
	3
	4
	3
	1
	3
	1
	1

	8
	4
	1
	5
	3
	1
	2
	1
	1

	9
	3
	2
	5
	3
	1
	2
	1
	1

	10
	4
	2
	5
	3
	1
	2
	1
	1

	11
	4
	3
	5
	3
	1
	2
	1
	1

	12
	4
	4
	5
	2
	1
	2
	1
	1

	13
	3
	3
	NA
	NA
	a)
	3
	a)
	2

	14
	4
	4
	NA
	NA
	a)
	3
	a)
	2

	15
	5
	5
	NA
	NA
	a)
	3
	a)
	2

	16
	6
	6
	NA
	NA
	a)
	2
	a)
	2

	17
	7
	7
	NA
	NA
	a)
	1
	0
	2

	18
	8
	8
	NA
	NA
	0
	0
	0
	2

	19
	6
	2
	NA
	3
	b)
	2
	c)
	1

	20
	6
	3
	NA
	3
	b)
	2
	c)
	1

	21
	6
	4
	NA
	3
	b)
	2
	c)
	1

	22
	6
	4
	NA
	2
	b)
	2
	c)
	1

	23
	6
	6
	NA
	2
	b)
	2
	c)
	1

	24
	8
	2
	NA
	3
	b)
	2
	c)
	1

	25
	8
	3
	NA
	3
	b)
	2
	c)
	1

	26
	8
	4
	NA
	3
	b)
	2
	c)
	1

	27
	8
	4
	NA
	2
	b)
	2
	c)
	1

	28
	8
	6
	NA
	2
	b)
	2
	c)
	1

	29
	8
	8
	NA
	2
	b)
	2
	c)
	1

	30
	5
	1
	6
	2
	1
	1
	1
	1

	31
	5
	2
	6
	2
	1
	1
	1
	1

	32
	5
	3
	6
	2
	1
	1
	1
	1

	33
	5
	4
	6
	2
	1
	1
	1
	1

	34
	5
	5
	6
	2
	1
	1
	1
	1

	35
	5
	1
	6
	2
	1
	1+to
	1
	1

	36
	5
	2
	6
	2
	1
	1+to
	1
	1

	37
	5
	3
	6
	2
	1
	1+to
	1
	1

	38
	5
	4
	6
	2
	1
	1+to
	1
	1

	39
	5
	5
	6
	2
	1
	1+to
	1
	1

	40
	6
	1
	7
	1
	1
	1
	to
	1

	41
	6
	2
	7
	1
	1
	1
	to
	1

	42
	6
	3
	7
	1
	1
	1
	to
	1

	43
	6
	4
	7
	1
	1
	1
	to
	1

	44
	6
	5
	7
	1
	1
	1
	to
	1

	45
	6
	6
	7
	1
	1
	1
	to
	1
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