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1	Introduction
During the NR Study Item, RAN1 has established requirements and scenarios for NR [1] and has identified technology components that are needed to standardize the NR system ‎[2]. The objective of the work item phase is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communications (URLLC) considering frequency ranges up to 52.6 GHz and considering forward compatibility and introduction of new technology components for new use cases.
In this contribution, we discuss about beam refinement in the RACH procedure, power control and power ramping in the RACH procedure, and RACH configuration.
2	Discussion
2.1	Beam refinement in RACH procedure
Related to beam management and potential beam refinement in RACH procedure, RAN1#88bis made the following conclusion:
	Conclusions:
· NR studies following beam management options for RACH procedure:
· Beam refinement procedure during Msg2
· Note: P-2/P-3 procedure can be considered for beam refinement
· Reporting of DL TX beam indices in Msg3
· Note: reported beams could be SS block indices and/or CSI-RS beam indices of P-2 procedure performed during Msg2
· RACH procedure using an association between CSI-RS for L3 mobility and subset of RACH resources and/or subset of RACH preamble indices
· Beam refinement procedure before Msg2 by utilizing CSI-RS for L3 mobility
· Beam refinement procedure during or after Msg4 by configuration in RACH message
· Reporting UE capability on beam correspondence by RACH procedure
· Other options are not precluded
· Above procedure can be turned on/off by system information



The following options are considered to be applicable in the random access procedure:
1. SS block based RACH resource association + aperiodic CSI-RSs transmitted alongside the Msg2 to UE(s). The UE could assume that CSI-RSs shared the same spatial domain characteristics selected SS block used in RACH resource selection by the UE. CSI-RS resource configuration could be signaled in system information or in Msg2. In partitioning configuration signaling for CSI-RS measurements between system information and Msg2 one considered way is that CSI-RS resource configuration is provided in system information and indication to measure and report beam status information (BSI) in Msg3. If indicated in Msg2, UE would provide BSI report based on transmitted CSI-RSs in Msg3. gNB could transmit Msg4 using the best CSI-RS beam reported in Msg3.
· Pros
· Msg4 can be sent using refined gNB beam.
· Configuration flexibility.
· Cons
· NR-PDCCH + NR-PDSCH carrying Msg2 requires gNB resources that were used to transmit selected SS block (problematic in the cell with multiple TRPs and multiple simultaneous beams that are forming a composite SS block beam).
· There may need to be some amount of CSI-RS resources in time domain to the same direction in order to enable UE to make reliable measurements (averaging) and RX beam alignment  RACH procedure latency.
2. CSI-RS based RACH association and cell specific periodic CSI-RS configuration in system information. The UE would select RACH resource already based on CSI-RS measurements and no additional CSI-RS resource configuration would need to be conveyed in Msg2. The UE could provide larger beam status information report in Msg3 than in option 1 since the UE has possibility to measure all cell specific beams. gNB can refine transmit beam for Msg4 based on the report. 
· Pros
· Refined gNB beam already from the start – i.e. for Msg2.
· gNB can use only ”relevant” gNB resources for NR-PDCCH + NR-PDSCH carrying Msg2, i.e. not all resources that were used to form SS block signal.
· Periodical cell specific CSI-RS could act as time-frequency tracking RS when SS periodicity is low as well.
· Periodical cell specific CSI-RS can be used for mobility measurements for neighbor cell measurements.
· Cons
· PRACH resource partitioning – PRACH resources divided among CSI-RS ports corresponding to beams forming certain SS block.
3. SS block based RACH association + cell-specific CSI-RS configuration (P1 beams) in system information. The UE could provide larger beam status information report in Msg3 than in option 1 since the UE has possibility to measure all cell specific beams. gNB can refine transmit beam for Msg4 based on the report.
· Pros
· Msg4 can be transmitted using a refined transmit beam.
· Periodical cell specific CSI-RS could act as time-frequency tracking RS when SS periodicity is low.
· Periodical cell specific CSI-RS can be used for mobility measurements for neighbor cell measurements.
· Cons
· NR-PDCCH + NR-PDSCH carrying Msg2 requires gNB resources that were used to transmit selected SS block (problematic in the cell with multiple TRPs and multiple simultaneous beams that are forming a composite SS block beam).
Observation 1: Option 1 increases RACH procedure latency because of additional aperiodic CSI-RS transmissions and measurements.
In a typical NR deployment, a cell comprises multiple TRPs where each TRP may have multiple panels and TXRUs, and the cell can generate multiple beams at a time. SSs are transmitted in SFN manner from simultaneous beams and UEs cannot distinguish individual beams from detected SSs. Additional RS is needed to uniquely identify each beam. The RS may be e.g. cell-specific CSI-RS that is FDM or TDM multiplexed with SS blocks. Now associating PRACH resources for DL RS, e.g. CSI-RS, would provide means for the UE to indicate via PRACH resource selection the preferred DL beam for NR-PDCCH and NR-PDSCH transmission for Msg2. If the association was between SS block and PRACH resource in this scenario the cell would need to use more resources than would be needed for Msg2 transmission. Those resources could be used for other UEs if the gNB would know the preferred individual DL beam and not only the preferred SS block which comprises multiple individual beams.
Observation 2: In typical NR deployment, association between RACH resources and CSI-RS uniquely identifying gNB beams is needed for efficient system operation.
In non-typical NR deployment, a cell has only one TRP and the TRP has just one panel and transceiver unit (TXRU), the cell is able to generate one beam at a time. That means that synchronization signals like SSS and SS block index (signal within SS block) identifies uniquely the beams of the cell. Thus, additionally transmitted DL RS like cell specific CSI-RS using the same beam characteristics as SSs would not bring any additional value or information. In that case, associating PRACH resources to SS blocks would be enough to uniquely identify BS beam preferred for NR-PDCCH and NR-PDSCH transmission for Msg2. 
Furthermore, beam recovery procedure in beam management requires fast beam re-acquisition. In there, UE triggered procedure based on resources multiplexed with PRACH resources is one feasible approach and where it would be preferable to re-acquire refined beam as soon as possible and thus we consider that resources used for beam recovery purposes and are multiplexed in FDM manner with PRACH resources should support association to CSI-RSs.
Proposal 1: Support also cell specific CSI-RS to PRACH resource association.  
2.2	TX/RX beam correspondence
The TRP can handle both TX/RX beam correspondence and non-correspondence conditions by configuring UEs to act in certain ways:
· TX/RX beam correspondence at TRP
· TRP determines UL RX beam(s) for the UE based on Beam Status Information reports provided by the UE where measurements are performed based on TRP TX beams.
· TX/RX beam correspondence not available at TRP
· TRP configures UE to transmit UL signal (e.g. PRACH preamble in RACH procedure) in repeated manner or multiple SRSs in time in order to be able to determine UL RX beam for the UE. DL TX beam would be determined similarly as in beam correspondence case.

In initial access, the TX/RX beam correspondence capability of the UE can be transparent to the system and no different procedure is needed for non-correspondence case than in beam correspondence case. 
Proposal 2: Reporting UE capability on beam correspondence by RACH procedure is not supported. 
2.3	UE power ramping
On UE power ramping in RACH procedure, the following agreements were made in RAN1#88bis:
	Agreements:
· Update previous meeting as follows:
· For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 
· Alt 1: the counter of power ramping is re-set.
· Alt 2: the counter of power ramping remains unchanged.
· Alt 3: the counter of power ramping keeps increasing. 
· Alt 4: as proposed on slide 4 and illustrated on slide 5 in R1-1706613
· Other alternatives or combinations of the above are not precluded.
· If UE doesn’t change beam, the counter of power ramping keeps increasing.
· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.
· The detail of power ramping step size is FFS.
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation
Companies are encouraged to perform further analysis and evaluations. Revisit next meeting.




The preamble transmission power is the sum of a reference preamble transmit power , which is a function of the most recent path loss (PL), and a power offset determined by the preamble transmission counter


The preamble transmit power can’t exceed the maximum UE transmit power level. In a single beam system, the power ramping counter keeps incrementing with each retransmission. This is similar to the LTE power ramping procedure for RACH preamble retransmissions.
In a multi-beam system, if the UE doesn’t get the RAR corresponding to the RACH preamble transmission, different UE behaviors are possible as follows:
1) UE performs power ramping (i.e. increments the power ramping counter) and uses the same beam for the new preamble transmission.
a. This applies in case the UE has Tx/Rx beam correspondence.
b. This can also apply in case the UE doesn’t have Tx/Rx beam correspondence, but selects a beam and performs power ramping on that beam’s retransmissions. If the maximum RACH preamble transmission power is reached, the UE selects a new beam and resets the power ramping counter to 1.

Proposal 3: If the UE increments the power ramping counter until the preamble reaches maximum UE transmit power. The UE resets the power ramping counter when selecting a new beam.
2) UE changes the UL TX beam for each preamble transmission. In this case, there are four alternatives for controlling the power ramping counter:
a. Power ramping counter is reset to 1
b. Power ramping counter is unchanged from the previous transmission.
c. Power ramping counter continues to increment from the previous transmission (on any beam).
d. Power ramping counter continues to increment from the previous transmission on the same beam.

The UE beam selection is determined by the UE implementation. However, the power ramping procedure has an impact on the interference level caused by RACH. Accordingly, the UE should follow pre-defined power ramping rules to minimize interference.
In the case of a preamble retransmission on a new beam, this is an indication that the previous preamble has not been received, and no RAR was sent to the UE. Beam switching may potentially increase (or decrease) link quality much more than power ramping when beam switching results in alignment with RX beam at gNB. That also holds for interference seen at neighboring (not target) gNBs’ receiver, i.e. UE’s beam switching may cause strong interference at neighboring gNB’s receiver. If the beam switching is coupled with power ramp up the potential interference impact is amplified. Thus, it’s seen more feasible that when UE changes its TX beam the counter of power ramping would remain unchanged, or under network control, the UE can drop its power by a configurable amount.
Alt 4 as illustrated below was introduced in RAN1#88bis [R1-1706613]. In Alt 4 the UE can come back to earlier TX beam after some trials using different TX beam and then continue power control assuming previous transmissions on that beam. The problem we consider is that whether the assumption that the UE’s beam point to a fixed direction can hold after a certain time given that the UE can be rotating? Because it may be difficult to guarantee that e.g. in Figure 1 the UE would transmit during 4th retransmission to the same direction as during initial transmission or 1st retransmission given UE movement and rotation between 1st retransmission and 4th retransmission (time difference can be tens of milliseconds).
[image: ]
[bookmark: _Ref481528844]Figure 1: Alt 4 [R1-1706613].

Observation 3: Continuing to increase the power ramping counter while changing the UE’s UL Transmit beam, can significantly increase the PRACH interference.
Proposal 4: If the UE conducts beam switching the power ramping counter remains unchanged, or under network control, the UE can drop its power by a configurable amount. 

2.4 RACH Resource Allocation
2.4.1 	Agreements and Requirements
As agreed in RAN1#88-bis [2]:
Agreements:
· Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signaling
· FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam

In this section, we consider the RACH configuration index, and RACH resource allocation considering:
· Association between DL broadcast channels/signals (e.g. SS block) and RACH resources.
· Tx/Rx beam correspondence or lack thereof at the TRP.
· RACH coverage, with different numerologies.
· The impact of the latency requirements of URLLC on the allocation of RACH resources.

2.4.2	Scenarios
In a multi beam system, RACH resources are used to identify the DL beams that can be used by the gNB when transmitting the RAR to the UE. The UE selects the RACH resources based on the DL measurements, as an example this could be based on:
- DL measurements on the Sync Block (as agreed in RAN1#88bis).
- DL measurements on the CSI-RS (FFS in RAN1#88bis).
In the former case, given the association between the sync blocks and the RACH occasions, the RACH occasion would occur at a rate related to the rate at which the sync blocks occur.


[bookmark: _Ref477531803]Figure 2: Association between Sync Blocks and RACH Occasions.
Figure 2, shows two examples for the association between Sync blocks and RACH occasions:
· In the first example, sync bursts occur every 5 ms, a sync burst consist of 3 sync blocks. The RACH burst occurs every 10 msec, a RACH burst consists of 6 RACH occasions, which are associated with sync blocks in two sync bursts.
· In the second example, sync bursts occur every 5 ms, a sync burst consist of 3 sync blocks. The RACH burst occurs every 20 msec, a RACH burst consists of 12 RACH occasions, which are associated with sync blocks in four sync bursts.

Based on the above there is need to define the following terms:
· RACH Burst = Set of RACH Occasions allocated consecutively in time domain.
· RACH Burst Set = Set of RACH Bursts to enable full RX sweep.

Proposal 5: Consider the following definitions:
· RACH Burst = Set of RACH Occasions allocated consecutively in time domain.
· RACH Burst Set = Set of RACH Bursts to enable full RX sweep.

[image: ]
[bookmark: _Ref474140277]Figure 3 RACH Occasion, RACH Burst and RACH Burst Set.

Per the scenarios considered in the NR study item, NR is required to support multi-beam systems with different Tx/Rx beam correspondence capabilities at the TPR. The lack of Tx/Rx beam correspondence at the TRP, requires Rx beaming sweeping, which in turn requires the UE to transmit multiple RACH OFDM symbols in the RACH preamble format, consequently this increases the RACH occasion duration and hence reduces the number of RACH occasions per UL slot. To support association between RACH resources and beams based on DL measurements, while supporting longer RACH occasion transmissions for TRP Rx beam sweeping, multiple RACH frequency bands can be allocated as shown in Figure 4.


[bookmark: _Ref477532681]Figure 4: Allocation of longer RACH occasions for beam sweeping.

The RACH preamble sequence should be long enough to meet the SINR target at the base station when the UE is transmitting at maximum power and is located at the cell edge. As the RACH preamble sub-carrier spacing increases, the RACH OFDM symbol duration gets shorter. To maintain the target with larger sub-carrier spacing, multiple RACH OFDM symbols are required, which in turn increases the RACH preamble occasion length (in terms of number of RACH OFDM symbols). Like the case of no Tx/Rx beam reciprocity, in this case also multiple RACH frequency bands can be allocated as shown in Figure 5 when multiple RACH OFDM symbols are needed for coverage.


[bookmark: _Ref477533004]Figure 5: Allocation of longer RACH occasions for coverage.

Allocating an entire slot for UL transmission (e.g. slots carrying the RACH occasions), could prevent latency critical applications (e.g. URLLC) from achieving their latency objectives. RACH occasions can occur in UL-centric bidirectional slots as shown in Figure 6.


[bookmark: _Ref477533534]Figure 6: Allocation of RACH occasions in UL centric bidirectional slots.
In addition to the above examples, in some scenarios SS block may be transmitted using wider DL beams or the DL cell specific CSI-RS beams are wider than the PRACH RX beams. In that case, there can be partial TX/RX beam correspondence or no beam correspondence at TRP. In the former, a set of PRACH RX beams are covering the spatial domain of one DL beam (SS or CSI-RS beam). Due to imbalance between DL beams and UL RX beams there may be different number of RACH occasions than SS blocks or CSI-RS beams.
Observation 4: A RACH occasion, on which a RACH preamble format is transmitted can vary in duration depending on the deployment scenario. Consequently, the number of RACH occasion per UL slot, or per UL-centric bidirectional slot can vary.
Observation 5: To support the diverse scenarios RACH needs to handle one or multiple frequency bands could be allocated to RACH in an UL slot or UL bidirectional slot carrying RACH.
Observation 6: The rate at which UL slots or UL-centric bidirectional slots is allocated for RACH transmission can vary depending on the deployment scenario.
Observation 7: There can be different number of RACH occasions than SS blocks or cell-specific CSI-RS to which PRACH resources may be associated.

2.4.3	RACH Configuration Index
Given the discussion in the previous subsection, it is evident that NR should support various RACH allocation configurations to meet the diverse requirements of NR, while being flexible enough to be future compatible for new services and applications. Like LTE, the RACH configuration index can determine the RACH allocation configuration. The RACH configuration index determines the following
1. The type of UL RACH slot, e.g. UL slot or UL-centric bidirectional slot.
The examples of Figure 2, Figure 4, and Figure 5 show an UL slot used for RACH transmission, while the example of Figure 6 shows an UL-centric bi-direction slot used for RACH transmission.
2. RACH slot repetition rate.
[bookmark: _GoBack]Two examples are shown in Figure 2. The first example has a RACH slot repetition rate of once every 10 ms, while the second example has a RACH slot repetition rate of once every 20 ms.
3. Number of RACH occasions per UL slot.
4. RACH preamble format.
5. Number of frequency bands per UL slot or UL-centric bidirectional slot.

Proposal 6: RACH occasions can be allocated to uplink slots and to uplink-centric bidirectional slots.
Proposal 7: Multiple RACH occasions can be allocated consecutively in an uplink slot or an uplink-centric bidirectional slot, which can be referred to as RACH slot.
Proposal 8: The RACH configuration index identifies:
1. The UL slots, or UL-centric bidirectional slots allocated to RACH
2. The rate of occurrence of RACH slots
3. The number of RACH occasions per RACH slot per RACH frequency band
4. RACH preamble format including the number of RACH OFDM symbols per RACH preamble, the number of RACH preambles per RACH preamble format and the CP length.
5. The number of RACH frequency bands per RACH slot.

2.4.4 RACH parameters
In LTE, PRACH preamble timing and PRACH preamble format are determined by PRACH configuration index. It is provided as part of SIB2 to UEs. In NR, the UE shall be able to determine at least the following parameters:
PRACH preamble format parameters
· Subcarrier spacing for PRACH preamble(s)
· PRACH preamble format (for RACH Occasion)
· Number of RACH Occasions in frequency domain
· PRB locations of RACH Occasions

RACH Burst set parameters
· Number of RACH Occasions per RACH Burst
· Number of RACH Bursts per RACH Burst set
· Time between two consecutive RACH Bursts
· RACH burst set periodicity and timing of the first RACH burst of the RACH burst set
Parameters related to association between PRACH preambles and downlink beam specific RSs or SS blocks:
· How RACH occasion is associated to SS blocks or CSI-RS resources
· Association between PRACH preambles of RACH occasion to SS blocks or CSI-RS resources
· E.g. for RACH occasion #0, logical preamble indices #0-#7 associated to CSI-RS resource index #0, logical preamble indices #8-#15 associated to CSI-RS resource index #1, for RACH occasion #1, logical preamble indices #0-#7 associated to CSI-RS resource index #2, and so on.

Proposal 9: Support at least the following parameter categories:
· PRACH preamble format parameters
· RACH Burst set parameters
· Parameters related to association between PRACH preambles and downlink RSs (cell specific CSI-RSs), and between PRACH preambles and SS blocks.

3	Conclusions
In this contribution, we discussed about 4-step RACH procedure. Based on discussion we made the following observations and agreements:
Observation 1: Option 1 increases RACH procedure latency because of additional aperiodic CSI-RS transmissions and measurements.
Observation 2: In typical NR deployment, association between RACH resources and CSI-RS uniquely identifying gNB beams is needed for efficient system operation.
Proposal 1: Support also cell specific CSI-RS to PRACH resource association.  
Proposal 2: Reporting UE capability on beam correspondence by RACH procedure is not supported. 
Proposal 3: If the UE increments the power ramping counter until the preamble reaches maximum UE transmit power. The UE resets the power ramping counter when selecting a new beam.
Observation 3: Continuing to increase the power ramping counter while changing the UE’s UL Transmit beam, can significantly increase the PRACH interference.
Proposal 4: If the UE conducts beam switching the power ramping counter remains unchanged, or under network control, the UE can drop its power by a configurable amount. 
Proposal 5: Consider the following definitions:
· RACH Burst = Set of RACH Occasions allocated consecutively in time domain.
· RACH Burst Set = Set of RACH Bursts to enable full RX sweep.
Observation 4: A RACH occasion, on which a RACH preamble format is transmitted can vary in duration depending on the deployment scenario. Consequently, the number of RACH occasion per UL slot, or per UL-centric bidirectional slot can vary.
Observation 5: To support the diverse scenarios RACH needs to handle one or multiple frequency bands could be allocated to RACH in an UL slot or UL bidirectional slot carrying RACH.
Observation 6: The rate at which UL slots or UL-centric bidirectional slots is allocated for RACH transmission can vary depending on the deployment scenario.
Observation 7: There can be different number of RACH occasions than SS blocks or cell-specific CSI-RS to which PRACH resources may be associated.
Proposal 6: RACH occasions can be allocated to uplink slots and to uplink-centric bidirectional slots.
Proposal 7: Multiple RACH occasions can be allocated consecutively in an uplink slot or an uplink-centric bidirectional slot, which can be referred to as RACH slot.
Proposal 8: The RACH configuration index identifies:
1. The UL slots, or UL-centric bidirectional slots allocated to RACH
2. The rate of occurrence of RACH slots
3. The number of RACH occasions per RACH slot per RACH frequency band
4. RACH preamble format including the number of RACH OFDM symbols per RACH preamble, the number of RACH preambles per RACH preamble format and the CP length.
5. The number of RACH frequency bands per RACH slot.

Proposal 9: Support at least the following parameter categories:
· PRACH preamble format parameters
· RACH Burst set parameters
· Parameters related to association between PRACH preambles and downlink RSs (cell specific CSI-RSs), and between PRACH preambles and SS blocks.
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