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Flexible Multi-slot EGPRS Access over CCCH
1 Introduction

The purpose with this document is to propose a multi-slot packet switched EGPRS access procedure for Common Control Channels (CCCH). The current EGPRS single-phase access procedure over CCCH allows only for a single-slot assignment, which may later on be re-configured to a multi-slot assignment. This proposal is included in ref [2] presented at the GERAN Evolution Ad-hoc.
According to current GERAN specifications, multi-slot assignment at access is allowed when Packet Common Control Channels (P-channels) are used. However, it has been observed that the deployment of P-channels is not extensive. In opposite, the P-channels have currently a very limited deployment and this is expected to be valid still for a considerable time. 

In addition, the proposal to respect the multi-slot related “Sum” parameter at allocation rather than at assignment (named Flexible Multi-slot Allocation in this document) would complement the above proposal in an efficient way. 

2 Multi-slot EGPRS Access over CCCH
2.1 General
With the current EGPRS access procedure over CCCH, the following steps are required for a multi-slot TBF assignment (single-phase access):

1) EGPRS Packet Channel Request (RACH)
2) Immediate Assignment Command (AGCH), 1 TS in uplink
3) Contention resolution for Uplink TBF (BSS identifies MS with TLLI in RLC Data block)
4) Packet Uplink Assignment (PACCH), multi-slot in uplink is possible to assign.
The following steps are possible with the new proposal:
1) An enhanced EGPRS Packet Channel Request (RACH), indicating that the MS supports multi-slot assignment with Immediate Assignment and Flexible Multi-slot Allocation
2) Immediate Assignment Command (AGCH), including multi-slot and dual-direction assignment


(Note: DL scheduling cannot start until contention resolution is completed)
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Figure 1: Legacy EGPRS access (single-phase) over CCCH procedure
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Figure 2: Proposed EGPRS access over CCCH procedure using Legacy TTI
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Figure 3: Proposed EGPRS access over CCCH procedure using Reduced TTI

It is assumed that only single-carrier mode of operation shall be supported by the proposed Multi-slot EGPRS Access procedure.

How a BSS decides UL/DL timeslot assignment within an Immediate Assignment message using the limited knowledge of the multi-slot capability of an MS (i.e. indicated within an enhanced EGPRS Packet Channel Request) is implementation dependent. In case Flexible Multi-slot Allocation is used, then this decision can be made at allocation rather than at assignment, see below.

To further refine the solution, it would be possible to use RTTI from the very start of the data transfer, in case Priority bits are not defined for this access type in the 11-bits access bursts. Two options are then included in this document, one where only Legacy TTI is possible, and one where Legacy TTI or Reduced TTI is possible.

2.2 Multi-slot EGPRS Access over CCCH using Legacy TTI

2.2.1 General

In case only Legacy TTI (20ms) shall be possible to be setup at the initial access, then the MS’s TTI capabilities is not needed in the access bursts. 
2.2.2 Impact on specifications

Table 1: Legacy format of EGPRS Packet Channel Request

	< 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: Possible format of EGPRS Packet Channel Request when TTI capabilities is not needed
	< 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) > >


| < Multislot Access Request :
111
< MultislotClassLimited : 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) > > ;



	MultislotClassLimited (3 bit field)

This information field indicates the EGPRS multislot class of the MS. The multislot class indicated by this field is according 3GPP 45.002. The coding is defined in the following table.  

bit
3 2 1
0 0 0   multislot class 10
0 0 1   multislot class 11
0 1 0   multislot class 12
0 1 1   multislot class 31
1 0 0   multislot class 32
1 0 1   multislot class 33
1 1 0   multislot class 34
1 1 1   reserved for future use




2.3 Multi-slot EGPRS Access over CCCH using Reduced TTI

2.3.1 General

In case Reduced TTI (10ms) shall be possible to be setup at the initial access, then an indication of the MS’s TTI capabilities is needed in the access bursts. This could be achieved by not defining any Priority bits in this access type.
2.3.2 Impact on specifications

Table 3: Possible format of EGPRS Packet Channel Request when TTI capabilities is needed

	< 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) > >


| < Multislot Access Request :
111
< MultislotClassLimited : bit (3) >
                                                                                                                            < Priority : bit (2)>
                                                                                                                            < TTICapabilities: bit(1)>

                                                                                                                            < Spare: bit(1) >



< 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) > > ;



	MultislotClassLimited (3 bit field)

This information field indicates the EGPRS multislot class of the MS. The multislot class indicated by this field is according 3GPP 45.002. The coding is defined in the following table.  

bit
3 2 1
0 0 0   multislot class 10
0 0 1   multislot class 11
0 1 0   multislot class 12
0 1 1   multislot class 31
1 0 0   multislot class 32
1 0 1   multislot class 33
1 1 0   multislot class 34
1 1 1   reserved for future use
TTICapabilities (1 bit field)

This information field indicates the TTI capabilities of the MS. The coding is defined in the following table.  

bit
0   Legacy TTI only is supported
1   Legacy TTI and Reduced TTI is supported





2.4 Common impact on specifications

For any of the two options above, the network shall be able to indicate to the MS whether the network supports the new access bursts format or not. In addition, the Immediate Assignment message must be extended to allow for multi-slot assignment for DL and/or UL.

It is proposed that a bit in System Information Type 13 is defined to indicate whether the BSS supports the Multislot Access Request in an EGPRS Packet Channel Request. 
It is proposed that an additional assignment option is added to Immediate Assignment. This option will cover multi-slot and dual-direction assignment. If possible, an optimized solution should be used to avoid segmentation of Immediate Assignment as far as possible.
2.5 Discussion
Applications such as Conversational VoIP and PoC put significant demands on GERAN. One demand is to support quick access, along with quick establishment of multi-slot operation, for applications using protocols with extensive signaling during service access (such as SIP). The proposals in this document address this and would improve service access for most applications in general and such applications in particular.

As can be seen in figures 1, 2 and 3, multi-slot operation can be used 160ms earlier with the proposed procedure compared to the legacy procedure. As an example, with 3 additional timeslots, 1344 bytes can be transmitted using MCS-5 on 160ms, and 672 bytes using MCS-2 (assuming 0% BLER). Another example is how long time it would take to transmit a 1000 bytes large packet. The result is shown in table 4 below (again, assuming 0% BLER for simplicity), and the time is from the 0ms time position in figures 1, 2 and 3. The results assume an MS capable of 4 TS in the UL.
Table 4: transmit time for 1000 bytes depending on MCS and access procedure
	MCS
	Legacy procedure
	Proposed procedure

	MCS-2
	360ms
	220ms

	MCS-5
	260ms
	140ms


As can be seen in table 4, the gain for transmitting 1000 bytes of payload is 120-140ms.

3 Flexible Multi-slot Allocation

As stated in ref [1], the “Sum” parameter in the multi-slot class currently needs to be respected at TBF assignment. This gives restrictions in flexibility for allocation of bandwidth to the direction where it is currently needed for an application. In case of a need to “move” bandwidth for an MS from one direction to the other it requires a re-configuration of the TBFs. This causes delays that might have a critical impact on end-user performance, especially when discussing delay sensitive applications, such as VoIP and PoC (and real-time gaming). 
By accepting the proposal in ref [1], to respect the “Sum” parameter for the multi-slot class at allocation rather than assignment, would give a major increase in flexibility to be able to utilize the multi-slot class to its maximum. If combined with the Multi-slot EGPRS Access procedure over CCCH, this flexibility can be applied from the very beginning of the TBFs.
4 Conclusions
It is proposed that the proposal in ref [1], to respect the “Sum” parameter for the multi-slot class at allocation rather than assignment, is introduced in combination with a Multi-slot EGPRS Access procedure over CCCH in Release 7.
An MS using the Multislot Access Request in an EGPRS Packet Channel Request indicates to BSS that it supports Multislot EGPRS Access over CCCH as well as a Flexible Multi-slot Allocation scheme. As an option the MS could indicate its TTI capabilities also at initial access, which makes it possible to use RTTI from the initial access. This option is preferred by Ericsson, even though it excludes the two Priority bits.
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