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PRACH establishment causes

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
	For mobile initiated and mobile terminated transmission, (Initial access), MS has no RBs or resources and needs to establish SRB(s) in order to perform RRC connection.
	Resources for SRB(2)
(e.g.RRC Connection Request)

	b)
	RRC-Cell_Shared
	MAC-Idle
	For mobile initiated transmission, after temporary inactivity, MS requests a TBF for an on-going RB (i.e. no RB setup required)
	Resources for SRB or URB

	
	
	
	For mobile terminated transmission, MS needs to perform Cell Update before receiving downlink data.
	Resources for SRB2 

(e.g. Cell Update)

	c)
	RRC-GRA_PCH
	MAC-Idle
	For both mobile initiated and mobile terminated transmission, 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).
	Resources for SRB only (e.g. Cell/GRA_Update)

(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

All cases presented in Table 1 are handled in this paper.  In all these cases, the MAC is in MAC-Idle state.  If it were not, then the signalling message would be sent on an associated control channel (PACCH, SFACCH, FACCH) and not on the PRACH.

2. 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 five 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)

	011010
	Free
	2 random bits

	011011
	Free
	2 random bits

	011100
	Free
	2 random bits

	011101
	Free
	2 random bits

	01111
	Free
	3 random bits


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

3. New proposal for establishment causes

3.1. Three new establishment causes
From the possible establishment causes described in the appendix, two establishment causes were agreed to be introduced into the 8-bit PCR message.  The same new fields have been added to the 11-bit PCR.  Emergency call is still FFS.
The new causes are as follows:

· One-phase Access Request in RLC unacknowledged mode: to be used when the MS would like to establish a TBF in RLC unacknowledged mode on an SBPSCH using a one-phase access. It could be used, for example, for an MS to indicate it wishes to resume data transfer for a URB associated to an RLC entity in unacknowledged mode, which currently has no radio resources. 

· Dedicated Channel Request: to be used when the MS would like to obtain dedicated resources (e.g. mobile originating conversational call).

· Emergency Call (FFS): to be used when the MS would like to obtain dedicated resources for making an emergency call; it allows the GERAN to apply a specific handling to that user. Without such a cause, the GERAN could not prioritise the call since the emergency call is only known at CC level, which is transparent to GERAN [5].

3.2. Applicability in A/Gb and Iu mode

Table 4 shows the envisaged use of the new establishment causes and the reuse of the existing causes.  
In order to allow for a distinction between SRB and URB access, the reuse of the “MM procedure” codepoint is proposed to allow an Iu mode MS to make a single phase access request for resources for an SRB 2, 3 or 4.   This will allow for prioritisation in the GERAN between, for example, NAS signalling and URB access. It is not necessary to include an indication of which SRB is required since this will be indicated in the header of subsequent RLC/MAC blocks.

Single block or one phase access may be used for SRB1 access.

	Establishment causes
	Used in A/Gb mode for signalling/data?
	To be used in 

Iu mode for SRB/URB?

	One Phase Access Request in RLC ack mode


	Gb data
	Reuse for URB

	One phase Access Request in RLC unack mode (NEW)


	-
	URB 

(Possibly SRB1?)

	Short Access Request (RLC ack mode)


	Gb data
	Reuse for URB

	Two Phase Access Request 


	Gb data
	Reuse for URB(s)

	Page Response (A/Gb mode only)


	Signalling
	-

	Cell Update (A/Gb mode only)


	Signalling
	-

	MM Procedure (RLC ack mode)


	Signalling
	Reuse for SRB2-4

	Single Block Without TBF Establishment 


	Gb signalling (measurement reports)
	Reuse for SRB1

	Dedicated channel request (NEW)


	-
	SRB2-4 on dedicated

	Emergency call (NEW)


	-
	SRB2


Table 4: Use of establishment causes in A/Gb and Iu mode
3.3. Applicability in Iu mode (by RRC State)
	
	Establishment causes

	MS is in which RRC State?
	For which type of RB?
	One Phase Access

(unack)
	One phase Access (ack)
	Short Access

(ack)
	Two Phase Access 
	MM Procedure 
	Single Block Without TBF Establish-ment
	Dedicated channel request 
	Emergency call 

	Mobile Initiated Tx
	

	RRC-Idle


	SRB
	-
	-
	-
	-
	SRB
	?
	SRB
	SRB

	RRC-Cell_Shared
	SRB or URB
	URB
	URB
	URB
	URB
	SRB
	SRB1
	SRB
	SRB

	RRC-GRA_PCH 
	SRB
	-
	-
	-
	-
	SRB
	-
	SRB
	SRB

	Network Initiated Tx
	

	RRC-Idle
	SRB2 *
	-
	-
	-
	-
	SRB
	-
	SRB
	SRB

	RRC-Cell_Shared 
	SRB2 **
	-
	-
	-
	-
	SRB 

(see note)
	-
	SRB
	-

	RRC-GRA_PCH 
	SRB2 **
	-
	-
	-
	-
	SRB
	-
	SRB
	-


* SRB2 for sending RRC Connection Request

** SRB2 for sending Cell Update

Table 5: Use of establishment causes in each RRC State (Iu mode)
Note: For network initiated transmission, a paging request is always sent.  On paging an MS in RRC-Connected state, the MS will always request resources (SRB2) for a Cell Update procedure. 

It is expected that the new causes will be used for the following paging causes, as defined in 44.118.
· “Dedicated channel request” - Terminating Conversational Call, Terminating Streaming Call
· “MM Procedure” - Terminating Interactive Call,
Terminating Background Call, Terminating High Priority Signalling, Terminating Low Priority Signalling,
 Terminating – cause unknown
3.4. Example Coding for 8-bit PCR message

The coding necessary to implement the proposal in section 3. is given below for the 8-bit PCR message.  Three of the five remaining codepoints are defined in this proposal, two remain free for future use.

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

< One Phase Access Request in RLC ack mode :


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) > > 

| < One phase Access Request in RLC unack mode :

011010
< RandomBits : bit (2) > >

| < Dedicated channel request :







011011
< RandomBits : bit (2) > >

| < Emergency call (FFS) :









011100
< RandomBits : bit (2) > > ;


3.5. 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 in RLC ack mode :

0


< MultislotClass : bit (5) >
























< Priority : bit (2) >
























< RandomBits : bit (3) > >


| < Short Access Request :








100

< NoOfBlocks : bit (3) >
























< Priority : bit (2) >
























< RandomBits : bit (3) > >


| < 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) > >


| < One Phase Access Request in RLC unack mode :

110101
< RandomBits : bit (5) > >


| < Dedicated channel request :







110110
< RandomBits : bit (5) > >


| < Emergency call (FFS)









110111
< RandomBits : bit (5) > > ;


4. Conclusions

The proposal in this paper uses three of the five remaining codepoints left in the 8-bit PCR message. The 11-bit PCR message still has many codepoints free. 
The proposals in this paper provide separate access causes for a dedicated channel, emergency call (FFS), and ack and unack RLC mode.  This allows the GERAN to prioritise the assignment of resources based upon the MS access type and priority.
4.1. 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 [4].

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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6. Appendix

6.1. 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 previously proposed establishment causes are given in the three tables below, together with the reasoning behind the proposal and the status of the debate (rejected, accepted, FFS).

	Access Type
	Reasoning
	 Status

	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.
	Rejected.
When the network receives uplink RLC/MAC data blocks it shall use the TLLI/G-RNTI field provided for contention resolution to distinguish between the two.

	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.  


	Is this required?  FFS.

Given the current proposals the GERAN will not be able to distinguish between a request for an SRB or a URB.  This will prevent any priority handling of SRBs over URBs.

	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.
	 Rejected.
The RLC/MAC data block header contains the RB-id; this is sufficient to distinguish between the RBs.


	Resource type 
	Reasoning
	Status

	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.


	Accepted.
It is required to be able to signal a dedicated resource.  In A/Gb, any dedicated resources would be requested on the RACH.  This is not possible in Iu mode, hence the need for this cause on the PRACH

	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)
	Rejected.
The MS should not be able to demand a logical channel; it is always the decision of the network.

	RLC mode
	Indicating the RLC mode (Ack or Unack) in the PCR message allows the GERAN to set up the correct RLC instance in advance of receiving the first uplink block.
	Rejected.
It is felt sufficient to rely on the SRB id in the data block header to configure the RLC layer in the GERAN.


	Service type
	Reasoning
	Status

	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.
	Rejected for 8-bit PCR.
This is included in the first UL RLC data block and is not needed here. Also, there is no space in the 8-bit PCR.

	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. 


	Rejected.
Too restrictive.  Would be difficult to introduce new access classes.

	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.
	Rejected.
The MAC has no knowledge of the service making the request.
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