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Introduction

RACH optimization is one of the critical use case in SON, aiming to improve RACH performance by automatically adjust the RACH related parameters, which can be done by collecting RACH information report from UE to evaluate the RACH performance within the cell in the dimension of collision probability, access setup delay, RACH load between SUL/NUL and etc. 

The intention of this contribution is to further discuss possible enhancements on RACH optimization use case.
Discussion
 2-step RACH related measurement 
----------------------------------------------------------- TR 37816 ----------------------------------------------------------

The targets of RACH optimization are indicated as follows:

-
Minimize access delays for the UEs under the coverage of popular SSBs 

-
Minimize the delays for the UEs to request the other SIs

-
Minimize the imbalance of UEs access delays on uplink (UL) and supplementary uplink (SUL) channel
-
Minimize the beam failure recovery delays for the UEs in RRC_Connected.
-
Minimize the failed/unnecessary RACH attempts on RACH resource before success.
*/ Unrelated text omitted*/
The contents of the RACH information report comprises of the following (further check by RAN2 is needed):

-
Indexes of the SSBs and number of RACH preambles sent on each tried SSB listed in chronological order of attempts
-
The frequency (NR ARFCN) of tried SSBs

*/ Unrelated text omitted*/
----------------------------------------------------------- TR 37816 ----------------------------------------------------------
2 step RACH WI (WID: RP-190711) has been approved in RAN#83, which means NR Rel-16 will support both 4-step RACH and 2-step RACH, while there is no 2-step RACH related measurement specified in the solution to RACH optimization use case according to the description above. 
Observation 1: 2-step RACH is supported in NR Rel-16 while there is not related measurement specified in the solution to RACH optimization use case.

	Agreements RAN1#96:

The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH

FFS beam association for PUSCH
Agreements RAN1#96bis:

For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:

Option 1: Separate ROs are configured for 2-step and 4-step RACH 

Option 2: Shared RO but separate preambles for 2-step and 4-step RACH


According to the agreement achieved in RAN1#96bis, it can be observed that the RACH resource is separated configured for 2-step RACH and 4-step RACH either by separated ROs or separated preambles. 

In case ROs is shared by 2-step RACH and 4-step RACH, the preamble will be divided in groups so that the network can differentiate the type of RACH initiated based on the preamble received. By counting the preamble separately for 2-step RACH and 4-step RACH, the network can better understand the load of each type of RACH, therefore adjust the resource configuration accordingly. In case RO is separate configured, the RACH opportunity in time domain might be different between 2-step RACH and 4-step RACH, which will result in distinctive RACH performances, e.g. RRC connection setup delay, as well. 

Observation 2: RACH resource is separated configured for 2-step RACH and 4-step RACH either by separated ROs or separated preambles, which will result in different utilization condition of RACH resource and different RACH performance, e.g., connection setup delay.
Therefore it would be beneficial to take the RACH type into consideration when collecting the RACH information report, which can assist the network to identify the difference of each type RACH procedure in the aspects of RACH resource utilization condition and performance, e.g. collision probability, and help to optimize the RACH resource configuration as well as to minimize the imbalance of UE’s access delay in different RACH types. 
Observation 3: It’s beneficial for the network to take into account the RACH type when collecting RACH information report, which can help to better understand the RACH load of different type of RACH.

Proposal 1: RACH type related information shall be take into account when collecting RACH report.
Another issue needs to be considered is how to collect the RACH type related measurement, e.g. to include a type indicator or to collect the measurement separately for 2-step RACH and 4-step RACH in RACH report, which is tightly related to how RACH type selection is performed. Following is the RACH type selection related agreements made on RAN2#107.

	Agreements RAN2#107

RA type selection is performed before beam selection

No need to reexecute RA selection criteria upon fallback failure (i.e if reception of msg3 fails).  The UE re-transmits using msgA.
If the random access procedure is not successfully completed even after transmitting the msgA 'N' times, UE fallbacks to 4 step RACH procedure i.e. UE only transmits the PRACH preamble.  

Network can configure the number of times 'N', a UE can attempt to re-transmit msgA during the random access procedure.


It can be observed from above agreements that the RACH type is only selected once during initiation procedure. If 2-step RACH is selected and the RACH attempt does not exceed maximum allowable times configured, e.g., the maximum times allow for 2-step RACH attempt within one RACH procedure, then UE will re-attempt RACH using 2-step RACH resources without re-execute the RACH type selection procedure. Otherwise UE will fallback to 4-step RACH entirely if the RACH procedure is not completed.  
Observation 4: UE only perform RACH type selection once during one RACH procedure, where UE re-attempt 2-step RACH within certain times configured by NW. After exceeding the allowable times if the RACH procedure is not completed, UE will continue with 4-step RACH procedure. 

After fallback entirely to 4-step RACH, UE will utilize the RACH resource configured for 4-step RACH to perform RACH, where the measurements collected actually reflects the load of 4-step RACH resource. Therefore, in case 2-step RACH is supported, the RACH report of one RACH procedure will include both measurement related to 2-step RACH and 4-step RACH.   
If only the RACH type indicator is included in the RACH report to differentiate the measurements collected for 2-step RACH and 4-step RACH, then in case 2-step RACH is selected, there should be two separate RACH report for one RACH procedure to collect separately the RACH information related to different RACH type, which can be confusing for the network to understand, especially for counting the total number of RACH procedure initiated. 

Observation 5: In case 2-step RACH is supported there will be measurements related to both 2-step RACH and 4-step RACH for one RACH procedure, therefore 2 separate RACH report will be required if only RACH type indicator is included, which might lead to ambiguous understanding of the total number of RACH procedure initiated at NW’s side.

In order to avoid misunderstanding of the RACH information collected, instead of including the RACH type indicator, the RACH information for 2-step RACH and 4-step RACH shall be separately collected, e.g. by separate information element included in one RACH report. In such case, the selection of 2-step RACH will be implicitly indicated by the inclusion of 2-step RACH measurement in the RACH report. And the RACH information agreed to collected so far in email discussion 107#45 [6] can be taken as a baseline for each IE.  

Proposal 2: The RACH information for 2-step RACH and 4-step RACH shall be separately collected, e.g. by individual information element included in one RACH report. And for each IE, the RACH information agreed to collected in email discussion 107#45 can be taken as a baseline. 

During 2-step RACH, in case gNB only successfully decodes the preamble while fails to decode the payload, e.g. due to contention in the PUSCH resource, gNB will include a fallback indication in the RAR to indicate UE to fallback to 4-step RACH. The occurrence of fallback is a important parameter used to evaluate the performance of 2-step RACH, which can be a result of inappropriate configuration of 2-step RACH parameter, e.g. payload resource, transmission power and etc. Therefore it’s beneficial to include fallback information in the RACH information report, which can used to optimize the configuration of 2-step RACH resource. 

Observation 6: Inclusion of fallback to 4-step RACH information in the 2-step RACH information can help network to evaluate the configuration of 2-step RACH parameter, e.g. payload resource, transmission power and etc.

Following two alternatives can be considered for indicating the fallback information in 2-step RACH.  

Alt1: Fallback detection indication per beam is included.

For alt 1, one fallback indication can be used to indicate whether fallback has occurred in the beam selected. For example, the fallback indication will be set as true if at least one fallback has happened in the beam selected. 

Alt2: The number of fallback per attempted beam is included
Alt 2 is slightly preferred as more information can be provided for the NW to understand how frequent fallback happens in different beam, while the fallback detected in each attempted beam can be implicitly derived by the number of fallback per attempted beam.
Observation 7: The number of fallback to 4-step RACH per attempted beam is preferred than fallback indication, as it can provide more information to NW to understand how frequent fallback happens in different beam. 
Considering that many details regarding the payload transmission resource configuration, e.g. mapping between PUSCH and RO, and RACH procedures, e.g., backoff mechanism, are still under discussion in both RAN1 and RAN2, whether new measurement is required can be discussed after the specs is more stable.

Observation 8: Whether new measurement is required in the RACH report is not certain since the details of 2-step RACH are still under discussion in both RAN1 and RAN2.
Proposal 3: Information of fallback to 4-step RACH shall be included in 2-step RACH information collected (e.g., the number of fallback per attempted beam), FFS if new measurement is required, which can be discussed in the future according to the progress made in 2-step RACH WI .  
Conclusion

Based on the above discussion, we have following observations and proposals:

2-step RACH related measurement
Observation 1: 2-step RACH is supported in NR Rel-16 while there is not related measurement specified in the solution to RACH optimization use case.

Observation 2: RACH resource is separated configured for 2-step RACH and 4-step RACH either by separated ROs or separated preambles, which will result in different utilization condition of RACH resource and different RACH performance, e.g., connection setup delay.
Observation 3: It’s beneficial for the network to take into account the RACH type when collecting RACH information report, which can help to better understand the RACH load of different type of RACH.

Proposal 1: RACH type related information shall be take into account when collecting RACH report.
Observation 4: UE only perform RACH type selection once during one RACH procedure, where UE re-attempt 2-step RACH within certain times configured by NW. After exceeding the allowable times if the RACH procedure is not completed, UE will continue with 4-step RACH procedure. 

Observation 5: In case 2-step RACH is supported there will be measurements related to both 2-step RACH and 4-step RACH for one RACH procedure, therefore 2 separate RACH report will be required if only RACH type indicator is included, which might lead to ambiguous understanding of the total number of RACH procedure initiated at NW’s side.

Proposal 2: The RACH information for 2-step RACH and 4-step RACH shall be separately collected, e.g. by individual information element included in one RACH report. And for each IE, the RACH information agreed to collected in email discussion 107#45 can be taken as a baseline. 

Observation 6: Inclusion of fallback to 4-step RACH information in the 2-step RACH information can help network to evaluate the configuration of 2-step RACH parameter, e.g. payload resource, transmission power and etc.

Observation 7: The number of fallback to 4-step RACH per attempted beam is preferred than fallback indication, as it can provide more information to NW to understand how frequent fallback happens in different beam. 
Observation 8: Whether new measurement is required in the RACH report is not certain since the details of 2-step RACH are still under discussion in both RAN1 and RAN2.
Proposal 3: Information of fallback to 4-step RACH shall be included in 2-step RACH information collected (e.g., the number of fallback per attempted beam), FFS if new measurement is required, which can be discussed in the future according to the progress made in 2-step RACH WI . 
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