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1	Introduction
In RAN3#104 an overall solution (including RACH report content and signaling), based on the peculiarities of NR, has been agreed and captured as part of a technical report [1]. In this paper, we discuss whether the contents of the reports mentioned in the TR are feasible from RAN2 perspective and we discuss how the agreed RACH report content can be used to enhance the performance of RACH procedure via optimizing RACH parameters configuration.
[bookmark: _Ref178064866]2	Discussion
RACH optimization has been introduced in LTE since Rel-9. The importance of optimizing RACH parameters comes from the fact that the UE may require multiple random-access attempts depending on parameter settings and conditions, which may be a source of extra latency affecting user experience in procedures such as transitions from RRC_Idle or RRC_Inactive to RRC_Connected mode, as well as connected mode handovers.
One of the components of the LTE RACH optimization 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 of the variables known at the UE. Without RACH report such information would not have been visible to the network. In the following we discuss the information included in the RACH report in LTE, the information agreed to be included in NR RACH report, and how such information can be leveraged by network to enhance the performance of RACH procedure based on the NR RACH peculiarities.
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 value) and the contentionDetected binary flag. These contents concern the performance of a RACH procedure in terms of the number of attempts and whether the contention was detected or not . More precisely, numberOfPreamblesSet counts the number of performed RACH (transmitted preamble), and contentionDetected binary flag indicates whether a contention has been detected in at least one of the performed RACH attempts. However, in NR this information would not be sufficient, as the UE may change the beams used to perform the RACH as part of beam selection procedure specified in 3GPP TS 38.321 [2]. In addition, binary contention detection flag would not indicate at which attempt and which specific beam the contention has been detected. Therefore, as agreed in TR 37.816 [1], a finer granularity of RACH information is required e.g., beam level information such as beam index, number of attempts per beam, and beam level measurement. Here is an excerpt from [1] highlighting the agreed content of RACH report.
The contents of the RACH information report comprise 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













Figure 1. Excerpt from TR 37.816; content of the RACH report.
As is shown in Figure 1. Beam index and the number of RACH attempts sent over each tried SSB is agreed to be listed in a chronological order. In the following, we discuss how a chronological order of the beam index according to the selected beams can be beneficial for the network to enhance the performance of RACH procedure.
2.2	Chronological order of beam information in RACH report
According to the TS 38.321, beam switching may happen at each RACH attempt (i.e., beam selection phase). In other words, if a given transmission is not responded (i.e. UE does not receive a RAR within configured time window) or a contention has been detected, 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), and retransmit a preamble (with no power ramping);
Note that when UE switches the beam it does not increase the transmission power level. Excerpt from TS 38.321 is shown in the Figure 2. 

[bookmark: _Toc534933427]5.1.3	Random Access Preamble transmission
The MAC entity shall, for each Random Access Preamble:
1>	if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1>	if the notification of suspending power ramping counter has not been received from lower layers; and
1>	if SSB or CSI-RS selected is not changed from the selection in the last Random Access Preamble transmission:
2>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1.






Figure 2. Excerpt from TS 38.321; Power ramping happens only if UE does not switch the beam.
Generally, UE’s degree of freedom in selecting different beams and power ramping dependency on the beam selection may cause wide range of performance for RACH procedure, and in particular change the preamble transmission power level so that different beams may be tried with different power level. As is shown in Figure 3, switching between different beams at consecutive RACH attempts may change the power level significantly. Figure 3-a indicates that when UE performs the RACH attempts constantly over the same beam it ramps up with preamble transmission power while Figure 3-b highlights that UE may stay at the same power level by switching the beams over consecutive RACH attempts. Therefore, analysis of the UE’s provided RACH report without knowing the chronological order of attempted beams, and the associated power level would not be efficient to enhance the RACH performance. In addition, different UEs (from different UE vendors) may have different beam selection policies causing more complexity in finding the optimal configuration of RACH resources. 
[image: ]
Figure 3. Impact of beam switching on power level of preamble transmission. (a) UE ramps up quickly by consecutive RACH attempts over the same beam. (b) UE stays at initial preamble transmission power level by consecutive beam switching.
1. [bookmark: _Toc16698477]In NR RACH procedure, UE can either ramp up with power by selecting the same beam or switching to a different beam and transmit the preamble without ramping up the power. Therefore, power ramping happens only if UE does not switch the beam.

1. [bookmark: _Toc16698478]UE’s degree of freedom in beam switching and power ramping dependency on the beam switching procedure, may provide a wide range of performance for RACH procedure. 

Receiving RACH report with beam level information in a chronological order may bring multifaceted benefits to the network such as configuring the optimal beams (removing sub-optimal beams that cased extra delay) as well as tuning RACH initial power transmission level. We explain these use cases with an example in the following. As shown in Figure 4, we assume that the UE has been configured with 2 beams with dedicated RACH resources, and performs the RACH in an order of beams {1,1,2,2,3,1}. Needless to mention that UE may fall back to CBRA procedure when using beam 3. 
[image: ]
Figure 4. (a) Example of RACH attempts including CBRA and CFRA; (b) Potential solutions by changing configured beams (removing beam #2 and #3) and adjusting initial power level  
As is shown, UE starts with beam #1, and sets the initial preamble transmission power level P0. Since it doesn’t receive the RAR, it ramps up with power and tries the same beam at power level P1. Not receiving the RAR, at third attempt, it switches to beam #2 with the same power level i.e., P1, (note that when UE switches the beam it does not ramp up with power level, while RACH retransmission at the same beam lead to power ramping). Therefore, by having the RACH report with chronological order of the beam information, network can eliminate beams with unsuccessful RACH attempts and possibly replace them with a better sub-set of beams. For example, in the given example, network can realize that beam #2 and beam #3 are not good enough and causing extra delay in RACH procedure and can avoid configuring them for next RACH procedure with dedicated RACH resources. Hence the UE will be indirectly redirected to try the same beam (e.g., beam #1 in this example) and succeed in a shorter period of time by increasing the power level. This is shown in Figure 4-b-i. In addition, network can realize that increasing the initial RACH transmission power (e.g., setting initial transmission power to P1 instead of P0) when configuring beam #1 would help the UE to succeed with RACH procedure with a shorter delay and number of attempts (see Figure 4-b-ii). Moreover, network may count the power level used for each tried SSB, hence figuring out the downlink/uplink if exists. This accordingly can be used to configure the beam suitability threshold in a more optimized way. Overall such optimizations may reduce the uplink interreference by eliminating unsuccessful RACH attempts (e.g., eliminating attempt #3 to attempt #5).
Note that for such analysis a binary vector of contention detection (one flag for each RACH attempt, as shown in Figure 4-a) is required. So, the network can deduce the un-successful RACH attempt was due to the failure in MSG1/MSG2 (coverage issue) or a potential congestion issue (detectable by MSG3 and MSG4). In general, contention detection vector can be more meaningful when combined with chronological order of RACH attempts as network may have better perception on contention occurrence over time.
1. [bookmark: _Toc16698479][bookmark: _Hlk14788221]Knowing the chronological order of the RACH attempts, network can enhance the performance of RACH procedure in terms of RACH delay and uplink interference via a more proper beam configuration and adjustment of initial preamble transmission power.

1. [bookmark: _Toc16698340][bookmark: _Toc16782178]RAN2 to agree to capture the RACH attempts over different beams in chronological order.
2.3	SUL vs NUL vs ARFCN SSBs
It has been mentioned in the TR[1] that the UE can include the number of preambles sent in either NUL or SUL or the actual frequency location of the UL transmission resources. This information is provided to aid the network in understanding as to which UL resources were used for the RACH. Based on the MAC specification [2], the UE either uses the SUL resources or the NUL resources for RACH procedure but not both in the same RACH procedure. 
1. [bookmark: _Toc16698480]The UE uses either SUL or NUL resources for the RACH procedure but not both in the same RACH procedure.

Whether the UE used SUL or NUL is known to the network when the UE sends the RACH report after the successful random access procedure. Therefore, when the RACH procedure is successful, there is no additional benefit of informing the network as whether the RACH was performed on SUL or NUL. 
1. [bookmark: _Toc16698481]When the RACH procedure is successful, there is no additional benefit of informing the network as whether the RACH was performed on SUL or NUL.

However, if the RLF is declared due to the random access related issues, then it is unclear whether the RACH attempts were made in SUL or NUL. It has already been agreed that the RACH failure information is included in the RLF and CEF report [1].
·  RACH failure information, if available, shall be included in both RLF report and CEF report. Attempted SSB index can be indicated as part of RACH failure information.

Based on the above, in the case of RLF and CEF due to RACH issues it is beneficial if the UE indicates whether the SUL or NUL was used for RACH procedure. Further, instead of just indicating SUL or NUL, it is beneficial if the UE indicates the ARFCN values of the RACH resources used.
1. [bookmark: _Toc16698341][bookmark: _Toc16782179]RACH report also includes the frequency location information of the RACH resources used by the UE for RACH procedure.
The other main parameter discussed associated to RACH information is the beam level measurements. As this information requires detailed explanation, it is discussed in [3]. The above mentioned (already agreed in TR [1]) are captured in the two CRs [3] and [4]. CR [3] extensively provide the above mentioned information as part of RACH report while the CR [4] provides the same amount of information to the network with the minimum memory consumption by leveraging a binary vector to capture the chronological order of RACH attempts. RAN2 is kindly requested to choose and approve one of the provided CRs. 
1. [bookmark: _Toc16698342][bookmark: _Toc16782180]RAN2 to kindly choose and agree with one of the CRs [3] or [4] that captures the details of the RACH report in NR.
Conclusion
In section 2 we made the following observations:
Observation 1	In NR RACH procedure, UE can either ramp up with power by selecting the same beam or switching to a different beam and transmit the preamble without ramping up the power. Therefore, power ramping happens only if UE does not switch the beam.
Observation 2	UE’s degree of freedom in beam switching and power ramping dependency on the beam switching procedure, may provide a wide range of performance for RACH procedure.
Observation 3	Knowing the chronological order of the RACH attempts, network can enhance the performance of RACH procedure in terms of RACH delay and uplink interference via a more proper beam configuration and adjustment of initial preamble transmission power.
Observation 4	The UE uses either SUL or NUL resources for the RACH procedure but not both in the same RACH procedure.
Observation 5	When the RACH procedure is successful, there is no additional benefit of informing the network as whether the RACH was performed on SUL or NUL.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to agree to capture the RACH attempts over different beams in chronological order.
Proposal 2	RACH report also includes the frequency location information of the RACH resources used by the UE for RACH procedure.
Proposal 3	RAN2 to kindly choose and agree with one of the CRs [3] or [4] that captures the details of the RACH report in NR.
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