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PRACH establishment causes

This paper references the previous proposal(s) in an attempt to reach a conclusion on this topic. Additions since GERAN WG2#7bis are indicated with change bars.

1. Background

This paper proposes a PACKET CHANNEL REQUEST (PCR) message format to be used by an MS in Iu-mode.  An MS in Iu-mode will always use the PCR message, as access using the PRACH (PCCCH) is now mandatory. 

A message format should be found that can handle all situations where a PCR message is required, see Table 1 for the situations that need to be covered.  All other resource requests are handled by RLC/MAC control messages on associated control channels.

	Case
	RRC State
	MAC State
	Reason
	Request for SRB/URB

	a)
	RRC-Idle
	MAC-Idle
	Initial access, MS has no RBs or resources and needs to establish SRB(s) in order to perform RRC connection.
	TBF for SRB only

(Assumption is that a URB is not established until the RRC connection is setup)



	b)
	RRC-Cell_Shared
	MAC-Idle
	After temporary inactivity, MS requests a TBF for an on-going RB (i.e. no RB setup required)


	TBF for SRB or URB

	c)
	RRC-GRA_PCH
	MAC-Idle
	After a lengthy period of inactivity, MS wants to come out of GRA-PCH and back into RRC-Cell_Shared (or Dedicated).  This can happen, for example, in response to a paging from the network or for a Mobile Originating Call (MOC).


	TBF for SRB only

(Assumption is that a URB cannot be resumed before the SRBs have been re-established in the new cell)

	d)
	Any
	MAC-Idle
	MS needs to make an emergency call
	Is a special cause required or shall the MS request an SRB?


Table 1: States of RRC and MAC in the MS where a PCR message is used

Cases a) to c) are handled in this paper.  It is FFS whether an additional codepoint needs to be included for an emergency call indicator, see case d).  There is no such indicator in UTRAN, but in GSM the CHANNEL REQUEST message can indicate “Emergency Call”.

In this paper, it is assumed that there is no specific indicator and an emergency call would be initiated by the mobile requesting an SRB.

Establishment causes

1.1. Existing establishment causes for mobiles in A/Gb-mode

There are two formats of the PCR message, an 8-bit and an 11-bit.  In the 8-bit PCR message there are only 3 additional codepoints available, in the 11-bit PCR there are up to 67+ depending on the length of the codepoints used (see Table 2 and Table 3)

	Codepoint
	Establishment cause
	Additional fields

	0
	One Phase Access Request
	MultislotClass : bit (5)

Priority : bit (2)

RandomBits : bit (3)

	100
	Short Access Request
	NoOfBlocks bit (3)

Priority : bit (2)

RandomBits : bit (3)

	101
	Free - can be used as:

one 3-bit codepoint + 8 random bits

two 4-bit codepoints+ 7 random bits

…

sixteen 7-bit codepoints+ 4 random bits

thirty-two 8-bit codepoints + 3 random bits
	

	110000
	Two Phase Access Request
	Priority : bit (2)
RandomBits : bit (3)

	110001
	Page Response
	RandomBits : bit (5)

	110010
	Cell Update
	RandomBits : bit (5)

	110011
	MM Procedure
	RandomBits : bit (5)

	110100
	Single Block Without TBF Establishment
	RandomBits : bit (5)

	110101
	Free
	

	110110
	Free
	

	110111
	Free
	

	111 xxx
	Free - can be used in the same way as 101 xxx
	


Table 2: Packet Channel Request, 11-bit message content

	Codepoint
	Establishment cause
	Additional fields

	1
	One Phase Access Request
	MultislotClass : bit (5)

RandomBits : bit (2)

	00
	Short Access Request
	NoOfBlocks bit (3)

RandomBits : bit (3)

	01000
	Two Phase Access Request
	RandomBits : bit (3)

	01001
	Page Response
	RandomBits : bit (3)

	01010
	Cell Update
	RandomBits : bit (3)

	01011
	MM Procedure
	RandomBits : bit (3)

	01100
	Single Block Without TBF Establishment
	RandomBits : bit (3)

	01101
	Free
	3 random bits

	01110
	Free
	3 random bits

	01111
	Free
	3 random bits


Table 3: Packet Channel Request, 8-bit message content

Possible establishment causes for mobiles in Iu-mode

In addition to the establishment causes already described for A/Gb-mode, there are three main categories of current proposals for the remaining codepoints for Iu-mode in the PCR message [1], [2], [3]:

· Access Type information

· Service Type information

· Resource Type information

All possible establishment causes are given in the three tables below, together with the reasoning behind the proposal.  Sections 3.1.1 explains why the proposed establishment causes were chosen.

	Access Type
	Reasoning

	Iu-mode or A/Gb-mode access [1]
	It is assumed that the network knows the MS is performing Iu-mode access by the new format of the PCR message for R5.  The network can then configure the RLC/MAC protocol appropriately to receive the subsequent messages from the MS.  Otherwise, the GERAN will configure LAPDm to receive an A/Gb-mode signalling message. 

The advantage of indicating this as soon as possible during the procedure is that the subsequent procedures can be Iu-mode specific and new PACCH messages etc. can be used as soon as the network is aware of the MS’s mode.



	SRB [2] or URB access
	This enables the network to give priority to SRB access over URB access requests according to its own priority/QoS parameters.  The disadvantage is that the QoS amongst SRBs differs greatly, as does the required QoS of URBs. A more accurate description (such as service type) would enable the network to make a more informed decision.



	Access for an on-going RB, i.e. establishment of TBF only
	This is to distinguish between accesses which require RB (and hence RLC instance) establishment and those that do not. 

Ideally, access should be faster for an already established RB.


	Resource type 
	Reasoning

	Shared or Dedicated resource [1]
	Indicating the type of resource required gives the network the freedom to choose the most appropriate logical channel for the resource.



	Logical channel [3]
	Indicating the type of logical channel required provides the same functionality as in the Channel Request message (i.e. indicating SDCCH establishment)


	Service type
	Reasoning

	SRB ID
	This was proposed in order for the network to configure the RLC mode after the PCR message from the mobile (ack or unack).  It would not be necessary if, at contention resolution, the distinction could be made between SRB1 (unack mode RLC) and SRB2/3/4 (ack mode RLC).  This would be possible through the RB id sent at that time.



	RB class type

(i.e. Conversational, Streaming, Interactive, Background)
	The benefit of indicating the service type to the network is that the network is able to prioritise the resource requests according to the QoS of each RB class.  

However it is thought that indicating the UMTS RB classes is unnecessarily restrictive, considering possible future service evolutions. 



	Access for real-time or non real-time service
	As the RB class type is considered restrictive, the more generic classification of services into real-time and non-real time is also proposed.  See next section for benefits.




2. New proposal for establishment causes

From the possible establishment causes described in the previous section, the service type description was thought to provide the most useful information to enable the network to allocate appropriate resources to the mobile within a suitable timeframe.  However, it is believed that indicating the UMTS RB classes is unnecessarily restrictive, considering possible future service evolutions. Therefore a generic, widely understood classification of service type is proposed, real-time or non real-time.

2.1. Service type establishment causes

The two following causes are proposed.  Both of these causes request the establishment of a TBF but for the following differing reasons:

· SRB access for real-time service (SRB rt)
- This shall be used when an MS wishes to commence signalling with any SRB id in order to set up a real time service.  This includes RRC and MM Connection procedures whose purpose is to establish a real-time service.
· SRB access for non real-time service (SRB nrt)
- This shall be used whenever an MS wishes to establish a non real-time service or whenever no specific service is being established (i.e. measurement reports, MM Attach without subsequent call establishment etc.)
Using these two distinct access requests will enable the network to allocate the relevant resources for the SRBs with an appropriate QoS (e.g. low delay for real-time SRB allocation, possibly shared resources for SRB for non real-time services).

2.1.1. Benefits

The advantages of this classification are:

· Only 2 codepoints are required compared to 4 for service (RB class) type

· Future service (RB class) types can be put in to one of these categories as and when they are defined

· A priority distinction can be made between the rt and nrt bearers while not consuming too many codepoints in the PCR message 

· Iu-CS bearers can also be classified under one of these categories

· All SRB accesses (e.g. for SRB3/4 NAS signalling) can be classified under these headings (default case would be nrt service)

This classification has been chosen in order for the network to get an early indication of the fact that a real-time service is/will be involved in the signalling.  It is then left to the network to allocate appropriate resources which could be for example:

· TBF on DBPSCH under NACC (to enable directed retry)

· SDCCH (for directed retry)

Directed retry has been highlighted here as one possible desirable feature.  Which solution is chosen is proposed to be left to the implementation of the GERAN as it could vary depending on manufacturer or operator circumstances.

Scope of proposed new establishment causes

The envisaged use of the two proposed establishment causes is shown here with reference to the list of situations where a PCR message is required (from Table 1).

	
	RRC State
	MAC State
	Reason for access
	Suitable 

establishment cause

	
	
	
	
	SRB 

rt
	SRB 

nrt

	a)
	RRC-Idle
	MAC-Idle
	Initial access
	X
	X

	b)
	RRC-Cell_Shared
	MAC-Idle
	MS requests a TBF for an on-going SRB
	X
	X

	
	
	
	MS requests a TBF for an on-going URB

	-
	-

	c)
	RRC-GRA_PCH
	MAC-Idle
	MS wants to re-establish SRBs in new cell
	X
	X


Table 4: Scope of new establishment causes with respect to protocol states

This table merely shows for which states these causes are foreseen and are not proposed to be included in the standards definition.

Note that the SRB ID is not included in the proposed message coding.  This leaves the determination of RLC mode to the contention resolution phase.  As the RB ID is sent during contention resolution, the RLC instance can be (re)configured at that stage to the appropriate RLC mode.

2.2. Example Coding for 8-bit PCR message

The coding necessary to implement the proposal in section 3.1 is given below for the 8-bit PCR message.  Two of the three remaining codepoints are defined in this proposal, one remains free for future use.

	< Packet channel request 8 bit message content > ::=


< One Phase Access Request :




1


< MultislotClass : bit (5) >





















< RandomBits : bit (2) > >


| < Short Access Request :





00


< NoOfBlocks : bit (3) >





















< RandomBits : bit (3) > >


| < Two Phase Access Request :




01000

< RandomBits : bit (3) > >


| < Page Response :







01001

< RandomBits : bit (3) > >


| < Cell Update :









01010

< RandomBits : bit (3) > >


| < MM Procedure :








01011

< RandomBits : bit (3) > >


| < Single Block Without TBF Establishment :
01100

< RandomBits : bit (3) > > 


| < SRB for real-time service :





01101

< RandomBits : bit (3) > >


| < SRB for non-real-time service :



01110

< RandomBits : bit (3) > >


| < … unused …. :








01111

< RandomBits : bit (3) > >;


2.3. Example Coding for 11-bit PCR message

One example of how the 11-bit message format could be coded is given below.  This should not be used to assess the proposal itself, as there are many ways to implement this coding.

	< Packet channel request 11 bit message content > ::=


| < One Phase Access Request :




0


< MultislotClass : bit (5) >





















< Priority : bit (2) >





















< RandomBits : bit (3) > >


| < Short Access Request :





100

< NoOfBlocks : bit (3) >





















< Priority : bit (2) >





















< RandomBits : bit (3) > >


| < SRB Access Request :






10100

< ServiceType : bit (1) >





















< RandomBits : bit (5) >>

| < Two Phase Access Request :




110000
< Priority : bit (2) > 





















< RandomBits : bit (3) > >


| < Page Response :







110001
< RandomBits : bit (5) > >


| < Cell Update :









110010
< RandomBits : bit (5) > >


| < MM Procedure :








110011
< RandomBits : bit (5) > >


| < Single Block Without TBF Establishment :
110100
< RandomBits : bit (5) > > 

	ServiceType (1 bit field)

This field indicates the type of service requiring this SRB



0
Non-real-time service



1
Real-time service




3. Conclusions

The proposal in this paper uses two of the three remaining codepoints left in the 8-bit PCR message and uses one 5-bit codepoint and a single bit field in the 11-bit message (which still has capacity remaining).  The establishment cause indicates the TYPE OF SERVICE, whether real-time or non real-time, that is required by the MS.
3.1. Reminder of previous proposal

In the GERAN #7 meeting in Cancun, the following codepoints were proposed (see [1]).

< Dedicated Resource Request:



01101

< RandomBits : bit (3) >

< Shared Resource Request:




01110

< RandomBits : bit (3) >

(This is for the 8-bit PCR message.  The format in the 11-bit message is modified but the same information is represented)
The conclusion of the delegates present was that it is preferred to specify the type of service invoked by the MS in the establishment cause and not the logical channel type or the resource type (dedicated or shared).

Taking this into consideration, the service type establishment cause is proposed in this paper and reasons have been given as to why this is a very useful cause type.

3.2. Recommendation

It is proposed that a decision be made on the establishment causes and if they are acceptable that the above coding be incorporated into the RLC/MAC Specification (based on [4]).
If this proposal is not acceptable, the options in section 2.2 should be reviewed again.  The establishment causes which have already been discussed are indicated by the references.
Modifications to the 11-bit coding are welcome, especially if additional information may be included on the basis of other analysis.
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� This case is not handled, URB access would use existing establishment causes (e.g. one/two phase)
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