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Contention resolution and access procedures in Iu mode.

1. Introduction

This paper details the cases where contention resolution will be applicable, and in each case, how and when contention is resolved.  The procedures, working assumptions, and proposed messages are based upon those presented in [1].  

For initial access (cases 1 to 3) it is assumed that the BSS is able to identify the access as an Iu mode access due to the use of new code points in the PCR message, so contention between A/Gb and Iu is not necessary.

For an MS requesting resources for previously assigned RBs (SRB or URB), a proposed contention resolution process is presented in case 4 in this document.  This requires discussion and agreement at this meeting.

Each case presented here looks at a situation where two MS make an access at the same time in the same cell.  It considers how and when contention will be resolved in the following circumstances:


Different PCR random value


Same PCR random value, different random G-RNTI


Same PCR random value, same random G-RNTI


Request for resources for currently assigned SRB or URB 

When two requests are made on the same UL timeslot, it is assumed that the transmission with the strongest signal will be correctly received and acted upon.  

In all cases presented in section 2, it is the transmission from MS2 which is correctly received and decoded by the BSS.

It must also be considered that since both MS are making an access at the same time, it is possible that one or none of the access requests or subsequent messages will be received correctly.  This situation is looked at in section 3.

Within each of the cases presented below, all MSs making an access using the PCR use the same cause value.

2. Contention Resolution Cases 

Note: In figures 1-4 below, a Packet UL assignment and Packet DL assignment message is sent before each RRC message is sent.  It may be the case that a delayed TBF will remain available for the duration of the procedure and remove the need for some of these messages to be sent.

2.1 Case 1: Different random values in the PCR

When an MS makes an access using the PRACH it includes in the access burst a random identifier of between 3 and 6 random bits (depending upon the solution agreed upon [1], [2], [3])
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Figure . Contention resolution procedure when 2 MS have different random values in the PCR message
As can be seen from Figure 1, the MS is uniquely identified early in the procedure And contention is resolved upon receipt of the first DL RLC block which contains the random G-RNTI identifier, in this case the Packet UL ack/Nack

Also, in this case, contention is resolved at the RLC layer since MS2 is uniquely identified by the code in the PCR message, and the RRC layer does not need to distinguish between RRC CONNECTION REQUEST messages, as is true in later cases.

2.2 Case 2: Same values in the PCR, different Random G-RNTIs

Since there are only a maximum of 6 random bits in the PCR message, there is a high probability that two MS in a cell will make an access using the same random number.  In this situation contention resolution is done using the value for random G-RNTI used at RLC layer.
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Figure 2. Contention resolution procedure for identical PCR values, but different random G-RNTIs

As can be seen from Figure 2, contention is not resolved any later in the procedure than in case 1, and the whole process is again completed at the RLC layer.  

This procedure requires that the MS remember the value used for the random G-RNTI in the initial access, so that it is able to compare the stored value with the value in the downlink RLC block header when the first block DL is received after the assignment message (RLC blocks containing the RRC CONNECTION SETUP message).

Case 3: Same values in the PCR, same Random G-RNTIs

In Case 3, both MS use the same value in the PCR message, and also the same value for a random G-RNTI.  The chances of this happening are non-zero, and so the case must be expanded and considered for completeness.
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Figure 3. Contention resolution when PCR and random G-RNTI values are the same for both MS.

As shown in Figure 3, if the random G-RNTI is the same for both MS1 and MS2, then it is necessary to complete contention resolution in the RRC layer by comparing the MS identities used in the RRC signalling.  Since this will be either the IMSI, TMSI or P-TMSI then it is guaranteed to be unique within a single cell.

In the BSS the identity received in RRC CONNECTION REQUEST message from MS2 is used in the RRC CONNECTION SETUP message.  In the MS, the MS identity used in the RRC CONNECTION SETUP is compared with the identities stored in the MS and, if a match is found, the message is acted upon.  If no match is found, the message is discarded and the MS restarts the RRC connection procedure.

Case 4: Resource request for assigned RB (URB/SRB)

In this case, an MS is in RRC connected mode, and requests resources for a RB which was previously assigned to it.  The cause used in the PCR burst is one that is currently specified in 44.060, and hence it is necessary for the BSS to determine whether the MS is in A/Gb mode or Iu mode.  This is by examining the RLC header of the first UL data block received (in one phase access), or the RLC header of the PRR (in two phase access) for either a G-RNTI or a TLLI.  After the mode of the MS is determined, (A/Gb or Iu), then the RLC instance can be configured (based upon the RB-id if the MS is in Iu mode)
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Figure 4.  Access request and contention resolution for a previously assigned RB (one phase access)

Upon sending the first PUA (immediately after the PCR) the BSS must set up a MAC in order to receive the next UL block (data or PRR), but cannot configure any of the RLC parameters until more is known about the MS (such as mode of operation, ack/unack etc).  This information is gained upon examination of the first UL RLC data block header (One phase access (see Figure 4), or first UL RLC control message (two phase access, see figure 5)
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Figure 5. Access request and contention resolution for previously assigned RB (2 phase access)

As can be seen in figures 4 and 5, contention resolution is completed for an Iu mode MS when the first RLC block is received which contains the G-RNTI assigned to the MS (i.e. in the Packet DL ack/Nack in fig 4, and in the second PUA in fig 5).3. Messages received in error

3. Receipt of messages

In the cases presented above, two messages are sent on the UL by two different MSs.  Due to interference it is possible that none or one of these messages may be received in error.

If both messages are received in error (e.g. both PCR, or both RRC CONNECTION REQUEST messages) then no response will be sent from the BSS to the MSs and the MSs will back-off and wait until a timer has expired before resending the message.  Since the message flow was not started there is no contention to be resolved.

If one message is received in error, then that message is not acknowledged to the source (MS), however, in any of the cases presented above, the response sent to the correctly received message may be decoded by the MS which sent the corrupted message if both MS use identical values in the PCR or for the random G-RNTI.  This is the situiation in the cases above.

It is not possible to guarantee that contention has been resolved in the MS until the RRC Connection SETUP (case 1-3) has been received by the MS, and the identifier used in this message has been matched with the assigned identity in the MS.

In case 4, contention is resolved in the MS when the DL message containing a G-RNTI which matches the G-RNTI assigned to the MS is received.

4. Conclusion

In cases 1-3 presented above, contention is resolved in the MS at reception of the RRC CONNECTION SETUP message.  In cases 1 and 2, contention is resolved at the RLC layer by examining the value of random G-RNTI used in the RLC header, and in case 3, contention is resolved at the RRC layer by examining the value of MS identity used in the RRC CONNECTION SETUP message.

For access in RRC Idle mode, contention resolution during initial access can only be guaranteed when the value of MS identity (IMSI, TMSI, PTMSI) in the RRC CONNECTION SETUP message has been matched against the value assigned to an MS.  

For access in RRC connected mode, contention is resolved for an MS at the RLC layer by comparing the value received for G-RNTI in the first received DL RLC block  with the G-RNTI assigned to the MS.  If the two values match, then contention is resolved.  If there is no match, then the MS backs off and begins the access procedures again. 

It is proposed that the above procedures be agreed upon so progress can be made with definition of RLC/MAC and RRC procedures for contention resolution at GERAN #8.
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