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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

-
The beam quality of each tried SSB (i.e. beam level measurement during RACH attempts such as BRSRP, BRSRQ, BSINR)

-
Indication whether the selected SSB is above or below the rsrp-ThresholdSSB threshold

-
Elapsed time from the last measurement prior to the beam selection time
-
Number of RACH preambles sent on SUL

-
Number of RACH preambles sent on NUL
-
Total number of fallbacks between Contention Based RACH Access (CBRA) and Contention Free RACH Access (CFRA)Contention detection indication
----------------------------------------------------------- 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 and help to optimize the RACH resource configuration as well as to minimize the imbalance of UE’s access delay in different RACH types.

Another issue needs to be considered is how to collect the RACH type related measurement. The question to this issue is relevant to whether there is only one type of RACH involved during one RACH procedure, which is till under discussion in RAN2. 

If UE only selects RACH type once and won’t switch between 2-step RACH and 4-step RACH, then to have one RACH information report with a type indicator included is enough. Otherwise in case UE is able to switch between different RACH types during one RACH procedure, separated RACH information report is preferred since one RACH procedure will involve different measurements related to different RACH type. In this case, RACH type indicator is required as well for the network to differentiate the RACH information report. 
Observation 4: Whether RACH information report is separately collected for 2-step RACH and 4-step RACH or not, the RACH type indicator is required to be included so that the network is able to differentiate the type of RACH information collected. 
Considering that many details regarding the resource configuration, e.g. mapping between PUSCH and RO, and RACH procedures, e.g., fallback, are still under discussion in both RAN1 and RAN2, whether new measurement is required can be discussed after the specs is more stable.
Observation 5: Whether new measurement is required in the RACH information report is not certain since the details of 2-step RACH are still under discussion in both RAN1 and RAN2.
Proposal 1: RACH type indicator shall be included in the RACH information report, FFS on whether RACH information report is separately collected for different RACH types and if new measurement is required. 
 Measurement on other SI 
As highlighted in yellow in the description cited from TR 37.816, the target of RACH optimization includes minimizing the delays for the UEs to request the other SIs. The purpose of introducing on demand SI request is to reduce the signalling overhead, which can be done by reducing unnecessary broadcast information, as in NR, other SI can be set to be broadcasted only when requested, which is different from LTE where all SI message is always broadcasted periodically. 

According to current specs, other SI is requested by initiating RACH procedure, e.g. by Msg1-based SI request or by Msg3-based SI request. In case of Msg1-based SI request, dedicated resource is configured to mitigate the contention of RACH resource, thereby decrease the average delay of UE receiving other SI messages since the ROs won’t needed to be shared with RACH procedures triggered by other cause, e.g. initial access.
Observation 6: Other SI is requested by initiating RACH procedure., where dedicated resource pool can be configured for on-demand SI request, e.g. Msg1-based SI request, to mitigate the contention of RACH resource thereby decrease the delay of receiving other SI.
It’s network’s decision to configure the broadcast status of other SI. Really, to determine the on-demand SI request configuration is a trade-off between resource overhead and delay of UE to request other SI. For example, if certain SI message has been repeatedly requested within a very short period of time, than the network may decide to broadcast the SI periodically without being requested, e.g., set the si-broadcaststatus to “broadcasting”. In this case the signalling overhead is increased but the delay for UE to receive the SI is reduced as the delay of initiating RACH is eliminated. 

Observation 7: To determine the on-demand SI request configuration, e.g. broadcast status, is a trade-off between resource overhead and delay of UE to request other SI.

Taking above concerns into account, it would be beneficial to introduce other SI related measurement to assist the network to evaluate the actual demand on certain SI, e.g., the number of SI request received for each SI during certain period of time within the cell. Based on the measurement results, the network can evaluate the necessity of configuring dedicated resource pool for SI request. Moreover, to determine the appropriate configuration for on-demand SI request, e.g. broadcast status, with a relatively low cost on the transmission resource while minimize the delays for the UEs to request the other SIs. Since the network is always aware of the SIs being requested, the measurement can be performed by network itself without reporting from UE’s side.
Observation 8: Introduction of other SI related measurement can assist the network to evaluate the necessity of configuring dedicate resource pool for SI request, and help to optimize the configuration of on-demand SI to minimize the delay of UE to request other SI at a relatively low cost on resource overhead. 
Proposal 2: It’s proposed to adopt the measurement related to other SI, e.g., the number of SI request received for each SI during certain period of time within the cell.
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 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 4: Whether RACH information report is separately collected for 2-step RACH and 4-step RACH or not, the RACH type indicator is required to be included so that the network is able to differentiate the type of RACH information collected. 

Observation 5: Whether new measurement is required in the RACH information report is not certain since the details of 2-step RACH are still under discussion in both RAN1 and RAN2.
Proposal 1: RACH type indicator shall be included in the RACH information report, FFS on whether RACH information report is separately collected for different RACH type and if new measurement is required. 
Measurement on other SI
Observation 6: Other SI is requested by initiating RACH procedure., where dedicated resource pool can be configured for on-demand SI request, e.g. Msg1-based SI request, to mitigate the contention of RACH resource thereby decrease the delay of receiving other SI.

Observation 7: To determine the on-demand SI request configuration, e.g. broadcast status, is a trade-off between resource overhead and delay of UE to request other SI.

Observation 8: Introduction of other SI related measurement can assist the network to evaluate the necessity of configuring dedicate resource pool for SI request, and help to optimize the configuration of on-demand SI to minimize the delay of UE to request other SI at a relatively low cost on resource overhead. 

Proposal 2: It’s proposed to adopt the measurement related to other SI, e.g., the number of SI request received for each SI during certain period of time within the cell.
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