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1
Introduction
Towards the end of Rel-10, optimised RACH messages were proposed [1] and companies were invited to analyse the gains provided by the improvement. Some analysis was also provided which showed that the RRC Connection Request Message already exceeds the maximum UL RACH transport block size in rel-9 when intra-frequency RACH measurement results are included [2]. Unfortunately due to apathy in Rel-10 no solution was agreed. 
In more recent times, as a result of the absence of any RACH message size solution, an issue has been spotted in the field with Cell Update message [3], [4], [5]. The most immediate problem in Rel-7, 8, 9 is addressed in the CR provided in [6]. However a solution going forward for Rel-10 and later still needs to be discussed. 
Finally, it was agreed in RAN2#79bis as part of the fe-FACH work, that the UE can report EUTRAN measurement results, and the NW can indicate whether or not to prioritise over inter-frequency results in case of RACH transmission. However such prioritisation is useless, since we have shown in the past that even intra-frequency results need to be omitted so such prioritisation of EUTRAN/inter-freq will never occur in practise. 
2
Analysis
To summarise on the analysis previously provided in [2].

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 Rel-9 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. Note the message doesn’t include RACH measurement results.
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)

According to the above analysis, the RRCConnectionRequest message has already reached the maximum UL CCCH message size in Rel-9 when intra-freq results are included.

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 intra-freq 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.
In addition, the running CR for fe-FACH contains the following addition

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 and the measurement results for E-UTRA frequencies should be limited first i.e. inter-frequency cells and the measurement results for E-UTRA frequencies should be omitted before limiting the number of intra- frequency cells. For inter-frequency cells and the measurement results for E-UTRA frequencies, inter-frequency cells shall be omitted first if the IE "E-UTRA RACH reporting priority" is present, otherwise E-UTRA measurments shall be omitted first.

However, as we have shown above, there is not enough space even for intra-frequency results, hence:

In Rel-11 when intra-freq, EUTRAN, and inter-freq measurement results are enabled, inter-frequency and EUTRAN results will always be omitted when using R99 RACH as well as intra-freq.  
Finally, the following IEs are added in Rel-11 so far (including fe-FACH proposed IEs):

RRCConnectionRequest-v9b0ext-IEs ::=
SEQUENCE {


-- User equipment IEs



cSFBIndication





ENUMERATED { true }




OPTIONAL

}

(1 bit) 
RRCConnectionRequest-NonCriticalExts-va40-IEs ::=
SEQUENCE {


rrcConnectionRequest-va40ext

RRCConnectionRequest-va40ext-IEs,


v9b0NonCriticalExtensions


SEQUENCE
{



rrcConnectionRequest-v9b0ext

RRCConnectionRequest-v9b0ext-IEs,


vbxyNonCriticalExtensions

SEQUENCE {




rrcConnectionRequest-vbxyext





RRCConnectionRequest-vbxyext-IEs,



nonCriticalExtensions



SEQUENCE {} OPTIONAL



}
OPTIONAL

}
OPTIONAL
}

(3 bits) 

RRCConnectionRequest-va40ext-IEs ::=
SEQUENCE {


-- User equipment IEs



-- For 1.28 Mcps TDD, IE ”supportOfMoreThanTwoCells” represent MU-MIMO capability,



-- higherRate indicates uplink and downlink MU-MIMO, lowerRate indicates uplink MU-MIMO



supportOfMoreThanTwoCells


ENUMERATED { higherRate, lowerRate }

OPTIONAL,



supportOf1stFrequencyBand


ENUMERATED { true }






OPTIONAL,



supportOf2ndFrequencyBand


ENUMERATED { true }






OPTIONAL

}

(3 or 4 bits) 

RRCConnectionRequest-vbxyext-IEs ::=
SEQUENCE {


-- Measurement IEs


measuredResultsOnRACHeutraFreq

MeasuredResultsOnRACHeutraFreq

OPTIONAL

}
(36 bits + 1 optionality bit)
As can be seen above, the additional capabilities don’t cause an issue on their own, however EUTRAN results are too big, due to the integer type included, to ever be included in an RRC Connection Request on R99 RACH

3
Issues
First we would like to break this down into several sub-issues. 
Issue 1: Cell update up to Rel-9 

· This is solved in [6], so this contribution should focus on the other issues.
Issue 2: Cell update for Rel-10 and later. 

· Size is already exceeded. 
Solution options 
a) Using VLEC as proposed in [4]
b) new message type as proposed in [1]
c) Of course other suggestions are welcome. 
Issue 3: RRC Connection Request from Rel-10 onwards. 

· the size limit is not yet exceeded (without RACH measurements) 
· it may still be a good idea to solve for the future, along with the Cell Update, using the same/similar approach since there is not much space left (only 12 bits, even if RACH measurements are not included)

Solution options 
a) Using VLEC as proposed in [4]
b) new message type as proposed in [1]
c) Of course other suggestions are welcome. 
Issue 4: RACH measurements from Rel-7(?) onwards. 
· Already intra-freq results need to be omitted to fit capability signaling (also a reason to look at issue

Solution options
a) Include prioritization of inter-freq and/or EUTRAN over intra-freq (otherwise EUTRAN can never be reported on legacy RACH )
b) Optimizing the format. 
b.1) INTEGER Type can be replaced in EUTRAN but Boolean, saving 30 bits.

b.2) Inter-freq can replace INTEGER with boolean, saving 30 bits. 

b.3) Consider optimizing inter-freq and/or intra-freq results. 
· Use same method as greed for EUTRAN – 1 bit per neighbor which satisfies threshold to reduce overall signaling burden.
· Alternatively replace PSC with cell ID

· Replace measurement qualtities with optimized types (e.g instead of integer use table of enumerated values)
4
Conclusion
To solve the problem with uplink message format, we would like to make the following recommendations.
Proposal 1: Define new RACH message format which is sent by the UE if NW indicates support in the SIB.

Proposal 1a: Decide whether to use VLEC or new RACH message format.

· Renesas has a preference for new message type as this is the most efficient + enables more optimisation.

Proposal 2: Optimise RACH measurement results format

Proposal 2a: NW indicates the priority of intra-freq, inter-freq and inter-RAT measurements (i.e. the order of which should be omitted first)

Proposal 2b: Remove INTEGER from EUTRAN IE and use Boolean instead. 

Proposal 2c: Remove INTEGER from inter-freq format and use Boolean instead.

Proposal 2d: Further optimisation of intra/inter-freq results is needed. Need to discuss exactly how to do this.
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