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1	Introduction
The new Rel-16 SI “Study on RAN-centric data collection and utilization for LTE and NR” was approved at the TSG RAN #80 meeting. Among the objectives, are the study of the use cases and benefits of RAN centric Data utilization, e.g. SON features including RACH optimization.
In this paper we discuss potential assistance information reported to the network to support RACH optimization in LTE and potential areas to be explored in NR considering new aspects such as RACH resource selection based on beam selection.
[bookmark: _Ref178064866]2	Discussion
RACH optimization has been introduced in LTE since Rel-9. The importance of optimizing RACH parameters that comes from the fact that depending on parameter settings and conditions when the procedure is performed, the UE may require multiple random-access attempts before it succeeds, which may be a source of latency that may affect user experience in procedures such transitions from IDLE to CONNECTED, which occur very often and handovers.
One of the components of the LTE solution is the usage of UE assistance information in the form of a RACH report, indicating to the network events that occurred during a successful RACH procedure or state variables known at the UE that would not have been visible to the network otherwise. In the following we discuss the LTE reporting mechanism and the exact information included in the RACH report. 
2.1	Reporting mechanism 
The existing mechanism to obtain a RACH report in LTE is the UE Information procedure in RRC (section 5.6.5 of TS 36.331), in the case where a RACH procedure was successful. UE may receive an UEInformationRequest containing a flag called rach-ReportReq set to ‘true’. Upon that the UE sets the content of the information to be included in the RACH report, to be later transmitted to the network in the UEInformationResponse message, as shown below:


Figure 1 UE Information procedure
The relevant part of that procedure for RACH reporting is summarized below, as described in RRC specifications:
***************************************************************************************************************************
[bookmark: _Toc535571355]5.6.5.3	Reception of the UEInformationRequest message
Upon receiving the UEInformationRequest message, the UE shall, only after successful security activation:
1>	if rach-ReportReq is set to true, set the contents of the rach-Report in the UEInformationResponse message as follows:
2>	set the numberOfPreamblesSent to indicate the number of preambles sent by MAC for the last successfully completed random access procedure;
2>	if contention resolution was not successful as specified in TS 36.321 [6] for at least one of the transmitted preambles for the last successfully completed random access procedure:
3>	set the contentionDetected to true;
2>	else:
3>	set the contentionDetected to false;
 . . .
1>	else:
2>	submit the UEInformationResponse message to lower layers for transmission via SRB1;
***************************************************************************************************************************
In our view, a similar procedure is also needed in NR so that the UE only transmits a RACH report upon request from the network with dedicated signalling. The network also needs to know if a specific UE is capable of providing RACH reports. And, this procedure should also be used for other types of report assisting SON function as in LTE e.g. RLF report, etc. Hence, it seems reasonable to assume a request/response procedure like the RRC UE information procedure to enable the network to request a RACH report so that upon the reception of that message the UE transmits a RACH report, at least as baseline.
As in LTE, the UE Information procedure (e.g. UE Information Request / UE Information Response) is introduced in NR for RACH reporting.

2.1	Content of the RACH report in LTE
The exact content of the RACH report in LTE is reproduced below:
	rach-Report-r9							SEQUENCE {
		numberOfPreamblesSent-r9				NumberOfPreamblesSent-r11,
		contentionDetected-r9					BOOLEAN
	}																OPTIONAL,
As it is shown, it consists of the numberOfPreamblesSet (which is basically an integer) and the contentionDetected flag. These are related to two mechanisms in the random-access procedure where the procedure only succeeds after multiple attempts and are described in the following.
Number of preambles sent
This corresponds to the variable PREAMBLE_TRANSMISSION_COUNTER in the MAC specifications (TS 36.321).
In random access procedure in LTE, the UE sends a preamble and waits for a random-access response (RAR) during a pre-configured time window (RAR window). If the RAR does not come within that time, the UE adjusts some preamble transmission parameters (e.g. transmission power) and transmit it again (in what is called power ramping adjustment). If the procedure is successful, at the N-th transmission the preamble will be responded. The number N is what would be provided in the RACH report, so the network knows how many times the UE needed to ramp the power before the procedure was successful. As described in RRC, this field indicates the number of preambles sent by MAC for the last successfully completed random access procedure. Notice that the larger this number is, potentially the worse is the impact in user experience as it would take longer to e.g. access a target cell during a handover or it takes longer from the time an application request the data transfer until data may be transmitted/Received. This is shown in the figure below:
[image: ]

Unsuccessful contention resolution
This corresponds to the detection of contention in Contention-Based Random-Access (CBRA).
In a CBRA in LTE, a RACH preamble is randomly chosen by the UE, which may result in more than one UE simultaneously transmitting the same signature, leading to a need for a subsequent contention resolution process. If multiple UEs select the same preamble, the network possibly sends a similar Random-Access Response (RAR) message to both UEs indicating the same UL grant for MSG.3 transmission and the same temporary C-RNTI (TC-CRNTI). 
Upon transmission of MSG.3, a UE without a C-RNTI allocated by target (E.g. a UE coming from RRC_IDLE) would transmit MSG.3 in the UL resources indicated in RAR and addressing the provided TC-RNTI by RAR. Upon that transmission the UE starts a contention resolution timer. In case of preamble collision that may again lead to interference and eventually colliding UEs would reach a maximum number of allowed HARQ retransmissions until they try again to perform random access. However, for some UEs the network may succeed in decoding MSG.3 and, to solve potential contention, the network sends a MSG.4 addressing the TC-RNTI and including in the MAC payload the UE identity transmitted in MSG.3 (e.g. a resume identifier). If the UE detects MSG.4 addressing its TC-RNTI and with the UE identifier matching the one transmitted in MSG.3, the UE considers the contention successful. Otherwise, if the contention resolution timer expires or if the UE identity in MSG.4 does not match the UE identity transmitted in MSG.3, the UE considers contention not successful.
A UE with a C-RNTI allocated by target (E.g. a UE being handed over) would transmit MSG.3 in the UL resources indicated in RAR and addressing the allocated C-RNTI. Upon that transmission the UE also starts a contention resolution timer. If for that UE MSG.4 addresses the allocated C-RNTI, the contention resolution is considered successful. If the contention resolution timer expires before that, contention is considered unsuccessful. 
Hence, in summary, contention is detected as not successful at the UE in the following cases:
· Expiry of the contention resolution timer;
· After transmitting a MSG.3 using a C-RNTI assigned by target cell (e.g. in handover or when UE is in RRC_CONNECTED), UE detects a MSG.4 not addressing its C-RNTI;
· After transmitting a MSG.3 using a TC-RNTI assigned to it in the RAR, UE detects a MSG.4 addressing the same TC-RNTI but the UE Identity in the MSG.4 payload does not match the UE’s identity transmitted on MSG.3;
As in the case of expiry of the RAR time window, upon the detection of a non-successful contention resolution the UE shall perform random access once more i.e. RACH resource selection, preamble retransmission, etc.
Notice also that the field “numberOfPreamblesSent” included in the RACH report includes both retransmissions with power ramping (e.g. due to non-received RAR) and retransmissions due to non-successful contention resolution.

The field numberOfPreamblesSent includes both retransmissions with power ramping (e.g. due to non-received RAR) and retransmissions due to non-successful contention resolution.

2.2	Content of the RACH report in NR
In our view, the discussion on the content of the RACH report in NR should have as the starting point the content of the RACH report in LTE. Hence, one should start by analyzing the scenarios how preamble power retransmission and non-successful contention resolution are handled in NR.
Preamble retransmissions in NR (coverage)
In NR, the UE shall select a preamble and transmit it in a selected PRACH resource, as in LTE. 
However, as in NR a cell may transmit reference signals and sync signals like Synchronization Signal and PBCH Block (SSBs) and CSI-RSs in multiple downlink beams that are measured by the UE, the preamble transmission step in NR during random access is preceeded by a beam selection step where the UE first needs to select a beam of the target cell (i.e. the cell the UE is performing random-access) and, thanks to a mapping provided to the UE (either in SIB1 or in dedicated signaling e.g. in handovers), know which preambles it may chose and which PRACH resources shall be used. 
If a given transmission is not responded (i.e. UE does not receive a RAR within configured time window) there are two alternatives:
· Select the same beam, mapped to the same RACH resource(s), perform power ramping and retransmit a preamble;
· Select a different beam, mapped to the same RACH resource(s), perform power ramping and retransmit a preamble;
One example is illustrated below, where in the first round the UE in t0 selects the beam indicated by SSB-63, transmits the preamble in the mapped RACH resource for that beam and it does not receive a RAR. In the second round the UE selects again the beam indicated by SSB-63, ramps the power according to configuration, transmits the preamble in the mapped RACH resource for that beam and it does not receive a RAR. In the third round, the UE selects a new beam indicated by SSB-64, remains with the previous tranmission power, transmits the preamble in the mapped RACH resource for that beam and finally receives a RAR.
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Preamble retransmissions in NR (unsuccessful contention resolution)
Preamble retransmissions may also be triggered in the case of unsuccessfull contention resolution. The detection of unsuccessfull contention resolution is similar to LTE i.e. at every preamble transmission (or retransmission), regardless of which beam has been selected, the UE considers contention resolution non-successful if upon transmitting MSG.3 and starting the contention resolution timer, the timer expires before the UE is able to decode a MSG.4, or, upon receiving MSG.4 the UE detects that the UE identity is not the one matching the one transmitted in MSG.3. 
As in the case of preamble retransmission due to a non-received RAR, each time the UE detects an unresolve contention the UE may either select the same beam or a different beam.
An example is illustrated below, where in the first round the UE in t0 selects the beam indicated by SSB-63, transmits the preamble in the mapped RACH resource for that beam, receives a RAR, transmits MSG.3 and, upon reception of MSG.4 detects non-successful contention. Then, in the next transmission the UE selects selects a new beam indicated by SSB-64 to continue random-access.
[image: ]

RACH report considers beam selection at every preamble transmission attempt.

2.3	Intra and Inter RAN nodes signaling to support RACH optimization
Generally, a RAN node may trigger an analysis of the information reported by the UE internally or in coordination in other RAN nodes. In this regards, as a part of LTE solution, eNB PRACH configuration can be exchanged over X2 interface by leveraging ENB Setup Request and eNB Configuration update signaling, where the PRACH Configuration IE, shown in the following table, is contained in the Served Cell Information IE. This IE indicates the PRACH resources used in neighbor cell.
	IE/Group Name
	Presence
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	RootSequenceIndex
	M
	INTEGER
(0..837)
	See section 5.7.2. in TS 36.211 [10]
	–
	–

	ZeroCorrelationZoneConfiguration
	M
	INTEGER
(0..15)
	See section 5.7.2. in TS 36.211 [10]
	–
	–

	HighSpeedFlag
	M
	BOOLEAN
	TRUE corresponds to Restricted set and FALSE to Unrestricted set. See section 5.7.2 in TS 36.211 [10]
	–
	–

	PRACH-FrequencyOffset
	M
	INTEGER
(0..94)
	See section 5.7.1 of TS 36.211 [10]
	–
	–

	PRACH-ConfigurationIndex
	O
	INTEGER
(0..63)
	Mandatory for TDD, shall not be present for FDD.
See section 5.7.1. in TS 36.211 [10]
	–
	–



In NR, similar to LTE, some of the RACH optimization and configuration actions may require a RAN node internal change. However due to the DU/CU split of the RAN node, it would also require a proper signaling mechanism between gNB-CU and gNB-DU to enable such optimizations and modifications, depending where the RACH optimization box is located. It might be worthwhile to mention that, since the RRC signaling ends at gNB-CU, a gNB-CU to gNB-DU signaling may be inevitably required to apply the required modifications and configurations at lower layers. 
Some other types of RACH optimization and configurations may require adaptation of RACH-beam resources in nonboring cells/beams of different Ran nodes, e.g., to reduce the interference among the beams and colliding RACH resources. In order to ensure a harmonised change of RACH resources between neighboring RAN nodes an inter-CU signaling procedure may be required. This procedure allows a better coordination between neighboring RAN nodes by indicating the changes applied to the RACH resources between interfering beams and to suggest changes on the RACH resource configuration between adjacent beams.
In the case of NR however, the enhancement to the RAN3 based signaling for RACH optimization concerns the intra-node signaling between DU and CU and inter node signaling between two or multiple CUs, and communication may be at finer levels e.g., beam-RACH resources. 
[bookmark: _Toc994099]To study the signalling between gNB-CU and gNB-DU, needed for RAN node internal changes of configuration derived from RACH optimization
To study the signalling between gNB-CUs of RAN nodes with neighbouring beams, needed for inter-RAN node changes of configuration derived from RACH optimization


Conclusion
Based on the discussion in the previous sections we propose the following:
 
1. As in LTE, the UE Information procedure (e.g. UE Information Request / UE Information Response) is introduced in NR for RACH reporting.
1. RACH report considers beam selection at every preamble transmission attempt.
1. To study the signaling between gNB-CU and gNB-DU, needed for RAN node internal changes of configuration derived from RACH optimization
1. To study the signaling between gNB-CUs of RAN nodes with neighboring beams, needed for inter-RAN node changes of configuration derived from RACH optimization
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