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1
Introduction
In the last RAN2 meeting, optimised RACH messages were proposed [1] and companies were invited to analyse the gains provided by the improvement.
This contribution shows how many bits the current RRC Connection Request message consumes and discusses the necessity of the RACH signalling optimisation.  

2
Discussion
The maximum size of UL CCCH message is RACH TrBlk size – MAC header so 166 bits (168 – 2).
Therefore the UL CCCH messages shall be less than or equal to 166 bits.
Here is an example of RRC Connection Request sent by a UE, which supports CSoHSPA and DC+MIMO;
UL-CCCH-Message : {

 message rrcConnectionRequest : {

   initialUE-Identity tmsi-and-LAI : {

     tmsi '00010001001000100011001101000100'B,

     lai {

      plmn-Identity {

       mcc {

        0,

        0,

        1

       },

       mnc {

        0,

        1

       }

      },

      lac '0000000000000001'B

     }

    },

   establishmentCause registration,

   protocolErrorIndicator noError,

   v3d0NonCriticalExtensions {

    rRCConnectionRequest-v3d0ext {

    },

    v4b0NonCriticalExtensions {

     rrcConnectionRequest-v4b0ext {

      accessStratumReleaseIndicator rel-9
     },

     v590NonCriticalExtensions {

      rrcConnectionRequest-v590ext {

       predefinedConfigStatusInfo FALSE

      },

      v690NonCriticalExtensions {

       rrcConnectionRequest-v690ext {

        ueCapabilityIndication hsdch-edch,

        domainIndicator ps-domain : NULL

       },

       v6b0NonCriticalExtensions {

        rrcConnectionRequest-v6b0ext {

        },

        v6e0NonCriticalExtensions {

         rrcConnectionRequest-v6e0ext {

          supportForFDPCH true
         },

         v770NonCriticalExtensions {

          rrcConnectionRequest-v770ext {

           mac-ehsSupport true,

           discontinuousDpcchTransmission true
          },

          v7b0NonCriticalExtensions {

           rrcConnectionRequest-v7b0ext {

            supportForE-FDPCH true
           },

           v860NonCriticalExtensions {

            rrcConnectionRequest-v860ext {

             multiCellSupport true
            },

            v7e0NonCriticalExtensions {

             rrcConnectionRequest-v7e0ext {

              supportForCSVoiceoverHSPA true
             },
             v7g0NonCriticalExtensions {

              rrcConnectionRequest-v7g0ext {

              },
              v920NonCriticalExtensions {

               rrcConnectionRequest-v920ext {

                supportOfDualCellMIMO true

               },
               v940NonCriticalExtensions {

                rrcConnectionRequest-v940ext {

                }

               }

              }

             }

            }

           }

          }

         }

        }

       }

      }

     }

    }

   }

  }

}

PER encoded data: 29 11 22 33 44 00 10 08 00 0B 15 6D DC FA 3C (120 MSBs)

The above message consumes 120 bits but please note the message doesn’t include RACH measurement results.
In Rel-10, the following IEs have already been included. It’s likely even more will be needed for e.g. MDT, MTC, detected set measurements, ANR and TEI10 features. 

RRCConnectionRequest-vaxyext-IEs ::= SEQUENCE {

 -- User equipment IEs
  supportOf1stFrequencyBand   ENUMERATED { true }       OPTIONAL,

  supportOf2ndFrequencyBand   ENUMERATED { true }       OPTIONAL,

  supportOfMoreThanTwoCells   ENUMERATED { higherRate, lowerRate }  OPTIONAL
}

This already requires 4 or 5 extra bits (depending if “supportOfMoreThanTwoCells” is included) to be consumed to indicate va.1.0 non-critical extensions so Rel-10 RRCConnectionRequest consumes 124 or 125 bits.

Here is another example of RRC Connection Request message, this time with RACH measurement results sent by the UE. The RACH measurement result contains results for current cell + 1 monitored cell with SFN-SFN time difference;

UL-CCCH-Message : {

 message rrcConnectionRequest : {

   initialUE-Identity tmsi-and-LAI : {

     tmsi '00010001001000100011001101000100'B,

     lai {

      plmn-Identity {

       mcc {

        0,

        0,

        1

       },

       mnc {

        0,

        1

       }

      },

      lac '0000000000000001'B

     }

    },

   establishmentCause registration,

   protocolErrorIndicator noError,

   measuredResultsOnRACH {

    currentCell {

     modeSpecificInfo fdd : {

       measurementQuantity cpich-Ec-N0 : 44

      }

    },

    monitoredCells {

     {

      sfn-SFN-ObsTimeDifference type1 : 125,

      modeSpecificInfo fdd : {

        primaryCPICH-Info {

         primaryScramblingCode 20

        },

        measurementQuantity cpich-Ec-N0 : 40

       }

     }

    }

   },

   v3d0NonCriticalExtensions {

    rRCConnectionRequest-v3d0ext {

    },

    v4b0NonCriticalExtensions {

     rrcConnectionRequest-v4b0ext {

      accessStratumReleaseIndicator rel-9
     },

     v590NonCriticalExtensions {

      rrcConnectionRequest-v590ext {

       predefinedConfigStatusInfo FALSE

      },

      v690NonCriticalExtensions {

       rrcConnectionRequest-v690ext {

        ueCapabilityIndication hsdch-edch,

        domainIndicator ps-domain : NULL

       },

       v6b0NonCriticalExtensions {

        rrcConnectionRequest-v6b0ext {

        },

        v6e0NonCriticalExtensions {

         rrcConnectionRequest-v6e0ext {

          supportForFDPCH true
         },

         v770NonCriticalExtensions {

          rrcConnectionRequest-v770ext {

           mac-ehsSupport true,

           discontinuousDpcchTransmission true
          },

          v7b0NonCriticalExtensions {

           rrcConnectionRequest-v7b0ext {

            supportForE-FDPCH true
           },

           v860NonCriticalExtensions {

            rrcConnectionRequest-v860ext {

             multiCellSupport true
            },
            v7e0NonCriticalExtensions {

             rrcConnectionRequest-v7e0ext {

              supportForCSVoiceoverHSPA true
             },
             v7g0NonCriticalExtensions {

              rrcConnectionRequest-v7g0ext {

              },
              v920NonCriticalExtensions {

               rrcConnectionRequest-v920ext {

                supportOfDualCellMIMO true

               },
               v940NonCriticalExtensions {

                rrcConnectionRequest-v940ext {

                }

               }

              }

             }

            }

           }

          }

         }

        }

       }

      }

     }

    }

   }

  }

}
PER encoded data: 39 11 22 33 44 00 10 08 00 0B 11 60 80 00 1F 56 59 45 5B 77 3E 8F 00 (178 MSBs)

The Rel-9 message consumes 178bits. This consists of 

120 bits (without measured results on RACH) 
+11 bits current cell results

+23 bits monitored cell results (without SFN-SFN time difference) +24 bits (SFN-SFN time difference)

So the Rel-10 message will consume 182 or 183 bits (depending whether “supportOfMoreThanTwoCells” is included), which is 16/17 bits greater than the maximum UL CCCH message size. 
According to the above analysis, the RRCConnectionRequest message has already reached the maximum UL CCCH message size.

Even in Release 7 the message size with RACH Measurement Results included (current + 1 monitored cell with SFN-SFN time difference) is 169 bits long – this means UE needs to omit monitored set RACH measurement results in order not to exceed the maximum message size allowed in Rel-7, according to 25.331 clause 8.5.23

1>
for messages transmitted on CCCH, take care that the maximum allowed message size is not exceeded when forming the IE "Measured results on RACH", i.e. limit the number of included neighbour cells or if required omit the IE "Measured results on RACH" altogether. When limiting the number of included neighbouring cells, the number of inter-frequency cells should be limited first i.e. inter-frequency cells should be omitted before limiting  the number of intra- frequency cells.

If the network wants the UE to report RACH measurements of neighbour cells, then there is already a problem in Release 7. The problem worsens in Rel-8, 9, and 10.
If monitored cells results are not included (so only current cell is reported) then the message size is reduced by 47 bits. Networks not using monitored cell RACH results may not face an issue, however networks which use the results have a problem.
Proposal 1: UL CCCH message should be optimised as it has already reached the maximum limit.

Proposal 2: The solution needs to be implementable as early as Rel-7.
3
Solution Proposals
Nokia Corporation/Nokia Siemens Networks proposed [1] in RAN2#71 meeting. The solution proposal can save up to 14 bits for Rel-10 by removing the need to signal 1 bit per non-critical extension (=14 extensions). However the solution is still not sufficient enough to enable the UE to report the RACH measurement results in Release 10.

Proposal 3: Companies are invited to investigate further RACH signalling optimisation.

- One option could be to remove other redundant IEs? However, even this doesn’t provide a long-term solution.
4
Conclusion
Nokia/Nokia Siemens Networks investigated the RACH usage and we made the following conclusions;
Proposal 1: UL CCCH message should be optimised as it has already reached the maximum limit.
Proposal 2: The solution needs to be implementable as early as Rel-7.
Proposal 3: Companies are invited to investigate further RACH signalling optimisation.
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