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Introduction

RACH OPTIMIZATION(RO ) as one of the scenario has been identified in last RAN3 meeting.This contribution provides our consideration on this aspect.
Discussion
: LTE RACH optimization solution
RACH optimization function has been supported in LTE. The target of the function includes RACH resource allocation ,RACH preamble split etc. LTE eNB adjusts related parameter to meet RO target requirement. For example, in order to decrease collision ,eNB may allocate more RACH resource by adjust PRACH configuration parameter.For another example, in order to lower RACH load in harsh period, eNB may extend RACH backoff parameter value by adjust PREAMBLE_BACKOFF parameter value in MAC layer. In this way, by adjust corresponding RACH parameter, eNB fulfill RO requirement.

NR RACH optimization can reuse the same mechanism as in LTE. The main different of NR RO and LTE RO exist at new target such as “Distribution of UEs over UL and SUL” and new features such as beam level RO.
The comparison table provides the main different of RACH optimization targets between NR and LTE.
	Targets of RACH optimization in NR[1]
	Targets of RACH optimization in LTE[2]

	PRACH configuration index
	RACH configuration (resource unit allocation)

	RACH preamble split
	RACH preamble split (among dedicated, group A, group B)

	Allocation of a beam identity per RACH occasion and contention-based RACH preamble split per beam identity
	Beam based RACH configuration (resource unit allocation)

	Distribution of UEs over UL and SUL
	N/A

	RACH backoff parameter value
	RACH backoff parameter value

	PRACH transmission power control parameters
	RACH transmission power control parameters

DELTA_PREAMBLE

	Maximum number of PRACH transmission
	Maximum number of PRACH transmission

	Number of failed PRACH attempts until successful RACH completion
	Number of PRACH attempts,may need consider new cases such as failed , successful , CBRA CFRA attempts 

Contention situation should also bee considered


From table, it is easy to conclude that the most RACH optimization targets in NR are similar to those in LTE. Then it is straightforward to reused LTE RO solution as the baseline fore NR RO.

Proposal 1: RACH optimization mechanism in LTE should be the baseline for the NR.
Impact on Uu interface

	TS 38.300 [2]
RACH optimization is supported by UE reported information and by PRACH parameters exchange between eNBs.

UEs which receive polling signalling shall report the below information:

-
Number of RACH preambles sent until the successful RACH completion;

-
Contention resolution failure.


Similar as in LTE, RO needs support from UE’s report such as Number of RACH preambles (e.g numberOfPreamblesSent in [5]) and Contention resolution failure (e..g contentionDetected in[5] ). It is noting that the requirements in NR are meticulous further into beam level. 

Proposal 2: Whether the measurement of Number of RACH preambles and Contention resolution failure should be collected per Beam /SSB needs to be confirmed by RAN2. 

Impact on Xn interface

According to LTE specification, the X2 interface supports RO information exchange.

In order to achieve better configuration such as RACH preamble split, RO in LTE enables the PRACH parameters exchange between eNBs. 

	TS 36.423
The initiating eNB1 may include the PRACH Configuration IE in the X2 SETUP REQUEST message. The candidate eNB2 may also include the PRACH Configuration IE in the X2 SETUP RESPONSE message. The eNB receiving the IE may use this information for RACH optimisation.


It is straightforward for gNB to exchange the PRACH configuration for RO in NR.
Proposal 3: PRACH configuration needs to be exchanged between gNBs.
Impact on F1 Interface
There are mainly two issues need to be consider for RO over F1 interface. 

RO factor negotiation
The first issue for CU-DU split architecture is which node has the responsibility to decision and adjust RO parameter setting. In LTE,eNB adjusts RACH parameters based on several factors, these factors are RACH load, UE measurement report (Preamble attempt number ), etc. However it is not the same case for CU-DU split architecture.
It is noting that factors for setting RACH parameter located in either CU or DU.The detail deployment of factors are described in the below table:
	Factor collection for setting of RACH parameters in CU[ Annex ][1]
	Factor collection for setting of RACH parameters in DU[ Annex ][1]

	The cubic metric of the preambles allocated to a cell
	The cubic metric of the preambles allocated to a cell

	whether the cell is in high-speed mode or not
	whether the cell is in high-speed mode or not

	N/A
	uplink (UL) and downlink (DL) imbalances

	RACH load
	N/A

	N/A
	the uplink inter-cell interference from the Physical Uplink Shared Channel (PUSCH)

	uplink (SUL) and supplementary uplink (SUL) imbalances,
	N/A

	N/A
	PUSCH load

	UE measurement report (e.g numberOfPreamblesSent)
	N/A


Without important information (such as UE measurement and RACH load in CU) , DU alone can not able to make the right decision on RACH parameter setting.  
Observation 1: DU alone can not optimize RACH parameter without CU assistant.
There are two possible solutions to solve this issue. Solution 1 is to allow CU sends to DU the factor for setting RACH parameter which located in CU and DU adjusts RACH parameter based on these information together with information on DU itself. On the contrary, Solution 2 is to allow DU sends parameter factor information to CU and CU adjusts RACH parameter. In turn, CU informs the updated parameter to DU via F1 interface.

Proposal 4: How to coordinate to set the RACH parameter between CU and DU needs to be solved.
PRACH configuration exchange between DU 
The second issue related to F1 is to support PRACH parameters exchange between DU.
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Figure 1: RO in CU-DU split
As shown in the figure 1, similar inappropriate RACH configuration in Cell 2 and Cell 3 will introduce uplink interference and conflict. Then it is necessary to exchange the independent PRACH configuration between DUs. 

Proposal 5: PRACH configuration needs to be exchanged between DUs.
Number of RACH preambles send for Failed RACH attempt
It is noting that the Number of RACH preambles is only cover the case that UE finally complete RACH procedure. For case that UE failed to access the number of RACH attempt will not be provided to RAN node, which is also important for RAN setting RACH parameter. NR UE shallcollect and report such information to RAN node. 

In addition, the RA attempt of contention based rach access and contention free rach access also help NG-RAN node in RO. It is propose to add more factors as performance evaluation into TR37.816. 
	TR 37.816
Consequently, the RACH optimization function will attempt to automatically set several parameters related to the performance of RACH, for example:

Number of PRACH attempts for failed RACH procedure
Number of PRACH attempts for CBRA
Number of PRACH attempts for CFRA


Proposal 6: Add PRACH attempts for failed RACH procedure ,CBRA,CFRA in TR37.816. 

3. Conclusion

In this contribution , the observation and proposals are:
Proposal 1: RACH optimization mechanism in LTE should be the baseline for the NR.
Proposal 2: Whether the measurement of Number of RACH preambles and Contention resolution failure should be collected per Beam /SSB needs to be confirmed by RAN2.
Proposal 3: PRACH configuration needs to be exchanged between gNBs.

Observation 1: DU alone can not optimize RACH parameter without CU assistant.
Proposal 4: How to coordinate to set the RACH parameter between CU and DU needs to be solved.

Proposal 5: PRACH configuration needs to be exchanged between DUs.
Proposal 6: Add PRACH attempts for failed RACH procedure ,CBRA,CFRA in TR37.81. 
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Annex RAN-centric RACH Optimization Scenario [1]

Use case: RACH Optimisation
Descriptions

The RACH configuration has critical impacts on user experience and overall network performance. The RACH collision probability, and therefore access setup delays, data resuming delays from the UL unsynchronized state, handover delays, transition delays from RRC_INACTIVE, and beam failure recovery delays are all affected by the RACH settings. In addition, performing RACH on the most suitable downlink beam is also important and will avoid unnecessary power ramping and failed RACH attempts. This is beneficial both for the network as well as for the attempting device; it allows to avoid unnecessary interference in the network and, also, reduce the experienced delay and UE energy consumption. In NR, a new feature allows UE to change RACH resource during a RACH procedure, which lead to more complex behaviour.
The setting of RACH parameters depends on a multitude of factors, e.g.:

  -
the uplink inter-cell interference from the Physical Uplink Shared Channel (PUSCH),

-
RACH load (call arrival rate, HO rate, tracking area update, RRC_Inactive transition rate, the request for Other SI, the beam failure recovery, traffic pattern and population under the cell coverage as it affects the UL synchronization states and hence the need to use random access), 

-  uplink (SUL) and supplementary uplink (SUL) imbalances,
-
PUSCH load, 

-
the cubic metric of the preambles allocated to a cell, 

-
whether the cell is in high-speed mode or not, 

-
uplink (UL) and downlink (DL) imbalances. 

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.
Consequently, the RACH optimization function will attempt to automatically set several parameters related to the performance of RACH, for example:

PRACH configuration index (resource unit allocation and preamble format). Since the PRACH configuration indexing is defined independently for FR1 and FR2, the index should be accompanied with relevant frequency indication (FR1 and pair spectrum/supplementary uplink, FR1 and unpaired spectrum, FR2 and unpaired spectrum);

RACH preamble split (among dedicated, random-high, random-low, and ones used for on-demand SI request);

Allocation of a beam identity per RACH occasion and contention-based RACH preamble split per beam identity. The beam identity can be either an SSB index or a CSI-RS resource id, identifying the beam on which PRACH is performed;

Distribution of UEs over UL and SUL;
RACH backoff parameter value;

PRACH transmission power control parameters;

Maximum number of PRACH transmission;
Number of failed PRACH attempts until successful RACH completion. 
Automatic RACH parameter settings can be enabled by collecting the RACH report from UE and by PRACH parameters exchange between gNBs. The mechanism and content of information report/exchange for RACH optimization in LTE could be the baseline whereas taking NR new features. e.g., beam, SUL, etc into account 

