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Introduction
Several procedural aspects of the NR random access (RA) framework were agreed at the RAN1 NR ad-hoc meeting [1]. In addition, the RA terminology was clarified in order to reach a common understanding for unresolved issues. In this contribution we discuss some outstanding issues from the ad-hoc meeting related to multi-beam operation including power ramping and the necessity for multiple RA procedures.  We also discuss UL waveform selection for the RA procedure, which has not been discussed during this SI phase.
Outstanding details of RA procedure for multi-beam scenarios
The agreements on RA procedure from [1] are as follows:
Agreements:
· NR defines that: 
· a random access preamble format consists of one or multiple random access preamble(s),
· a random access preamble consists of one preamble sequence plus CP, and
· one preamble sequence consists of one or multiple RACH OFDM symbol(s) 
· UE transmits PRACH according to the configured random access preamble format
· For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular TX beam 
· NR at least supports transmission of a single Msg.1 before the end of a monitored  RAR window
· NR 4-step RACH procedure design should not preclude multiple Msg.1 transmissions until the end of RAR window if need arises

Based on these agreements, a network may configure a RACH occasion in which a UE attempting RA transmits a preamble format consisting of one or multiple RA preambles. Figure 1depicts a scenario where the network configures a preamble format made up of multiple RA preambles, where each constituent preamble consists of N symbols as described in [2]. The RACH occasion in this example takes up one slot duration. If there is no analog beam correspondence at the receiver side, the TRP may sweep its analog RX beams across the N symbols of each preamble contained in the preamble format. 
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[bookmark: _Ref473499765]Figure 1 PRACH occasion for a multi-preamble format and the associated RAR window

One outstanding issue is the timing of the RAR window corresponding to a preamble (Msg1) transmission. In LTE, the RAR window starts 2 subframes (2ms) after the subframe containing the end of the preamble. Furthermore, the RAR window length is configurable from 2 to 10 subframes allowing for some flexibility in provisioning gNB resources to handle the computationally intensive RACH processing load. Moreover, in some implementations, the lower subcarrier spacing employed for LTE PRACH may result in different FFT sizes including the associated circuitry. In contrast, NR systems should support advanced receiver circuitry capable of faster data processing on the order of at least 4 times LTE subcarrier spacing, particularly for above 6GHz deployment scenarios. Secondly, one NR proposal is to adopt the same subcarrier spacing for UL data/control/PRACH allowing the same UL receiver circuitry for all UL signals/channels. Finally, URLLC services would require across the board reduction in processing times to meet tighter latency budget requirements.  Therefore, a corresponding reduction in RA processing time is a reasonable expectation for NR although the reduction may not be linearly scaled with the numerology. 

Proposal: NR processing time reduction in comparison to LTE should be applicable to all channels including data, control and PRACH.

In LTE the UE monitors for a PDCCH scheduling a RAR, where the CRC of the DCI is scrambled by an RA-RNTI. The RA-RNTI is a function of the first subframe index containing the PRACH (t_id) and the PRACH frequency subband (f_id). For LTE non-BL/CE UEs, the RA-RNTI is given by

RA-RNTI= 1 + t_id + 10*f_id
  
In NR as long as there is a one-to-one association between a PRACH time-frequency resource and a DL TX beam, the same design principle can be reused. It is up to the network to ensure unambiguous association between DL beams and PRACH configurations. 

The timing reference for computing the RA-RNTI could be based on either a subframe granularity (as in LTE) or based on the same time granularity used for configuring RACH time-domain resources. In the latter case, the timing reference could follow the slot timing within a radio frame with respect to the reference numerology. 

Proposal: 
· Indication of the RAR corresponding to a transmitted PRACH is a function of the time and frequency location of the PRACH.
· The timing reference for the RA-RNTI is based on slot granularity within a radio frame with respect to the reference numerology. 


Necessity for multiple RA procedures
As agreed for multi-beam operation, a UE receives the RACH/PRACH configuration based on an acquired SS block transmitted on a DL beam, and/or SI associated with this SS block. If there is no beam correspondence at the UE side between a selected DL beam and the UL TX beam used for Msg1, PRACH detection may fail due to beam misalignment between the UE and a receiving TRP as discussed in e.g. [3]. The UE may switch beams if a RAR is not detected either before or after it reaches a maximum number of configured preamble transmissions for a single RA procedure. Consider the case, wherein if a UE does not detect a RAR message within the RAR window, it maintains the same TX beam and increments its preamble transmission until it reaches the maximum number of configured preamble transmissions. In this worst case scenario, the maximum RA latency scales linearly with the number of analog TX beams compared to LTE. 
One solution to reduce the overall RA latency is to allow a UE transmit multiple RA preambles without necessarily waiting to receive a RAR after the first such transmission. This implies that the network configures a burst of RACH occasions, where the burst is linked to the same RAR window. An illustration is shown in Figure 2, where the RACH occasions are not necessarily contiguous. 

[image: ]
[bookmark: _Ref473549836]Figure 2 Configuration of a set of RACH occasions and a single extended RAR window dimensioned to support PRACH processing for Msg1 transmissions across the same set

The RAR window is extended to provision for gNB PRACH processing time from the first to last RACH occasion. Some possible issues with this scheme include:
· It is not clear whether all Msg1 transmissions are part of the same RA procedure. If part of the same RA procedure, it may imply that all UEs – even those with beam correspondence – are mandated to transmit multiple preambles leading to significant resource overhead and inefficient device power utilization. Alternatively, a UE may select a subset of the RACH occasions to transmit, while monitoring for a corresponding RAR message over an extended RAR window.  
· It complicates the RA procedure by specifying different solutions depending on the degree of beam correspondence at the UE. 

It should be noted that the network has flexible mechanisms to support all user categories (full, partial or no beam correspondence). Rather than an extended RAR window as shown in Figure 2, an alternative solution is that the network may provision PRACH resources that accomplish the same goal but using independent RA procedures, i.e. preserving the existing linkage between a RACH occasion and RAR window.. As shown in Figure 3 a UE initiates multiple independent RA procedures by transmitting Msg1 using different TX beams in each configured RACH occasion. Furthermore, the UE monitors separate and possibly overlapping RAR windows as shown in Figure 3. The main benefit of this approach lies in the fact that since the network is unaware of a UE’s beam correspondence, at least for initial access, it decouples a UE’s autonomous use of multiple TX beams from the RA procedure. It is up to UE implementation to independently select which subset of RACH occasions for beam-switched RA procedures. Secondly, as each RA procedure is independent, the preamble transmission counter is initialized for each RA procedure. This re-initialization ensures that a minimum UL power is used for each TX beam minimizing the inter-cell interference. 
Note that this approach requires a relaxation of the LTE MAC principle, wherein only one RA procedure is ongoing at a given time instance. 
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[bookmark: _Ref473503075]Figure 3 Configuration of multiple PRACH occasions and corresponding RAR windows to enable UE TX beam sweeping

Proposals: 
· It is up to the network to configure PRACH occasions that facilitate TX beam switching at a UE without beam correspondence.
· If beam non-correspondence at the UE is to be supported for random access, request RAN2 to study the higher layer impact of supporting multiple simultaneous RA procedures.

A different multi-beam scenario was presented in [4], wherein two UEs select the same DL TX beam and also select the same preamble from the subset of preambles configured for contention-based RA at a specific RACH occasion. If the TRP performs RX beam sweeping and detects the said preamble in different RX beams, the network cannot determine if it is the same UE or different UEs. One possibility is for the network to transmit multiple RAR messages within the RAR window. Note that transmitting multiple RARs within the RAR window is not helpful even if the RAR contains an UL RX beam identifier because a UE cannot determine which UL RX beam is aligned to its UL TX beam. Therefore, each UE would have to perform multiple Msg3 transmissions and monitor for multiple contention-resolution messages. Whilst this is a possible solution, the likelihood of this event – two or more UEs attempt RA in the same RACH occasion based on the same DL TX beam and select the same preamble – may be small enough that further optimization is unnecessary. 

Non-contention based RA procedure
The preceding discussion was focused on the contention-based random access procedure. Non-contention based RA should also be supported in NR to minimize latency in e.g. handover scenarios. The handover event may be triggered when a UE reports RRM measurements performed on a detected SS-block and possibly additional RS of a neighboring cell. The serving gNB and target gNB will exchange information pertaining to the UE. To speed up handover, the target gNB may provide a dedicated preamble for the UE to perform a PRACH transmission. 
In contrast to lack of UE beam correspondence in the Idle Mode case, it is desirable, at least for connected mode, to speed up the beam alignment process to maximize the probability of successful handover. In order to have a unified RA procedure for Idle and Connected Mode scenarios, the target gNB may configure a subset of RACH occasions in close proximity to each other as shown in Figure 3. Furthermore, the target gNB may schedule the UE for Msg1 transmissions on a subset of RACH occasions. 
Proposal: 
· For non-contention based random access, a UE may be scheduled to transmit RA Msg1 in a subset of RACH occasions. 

Power ramping procedure
It was agreed at the RAN1 AH_NR1 meeting to support power ramping as follows
Agreements:
For NR RA 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. 
· 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

In LTE, a UE assumes a PRACH (Msg1) transmission failure if it does not detect a RAR within a specified RAR window. Such an event occurs either because of a preamble collision or insufficient UL transmission power. Accordingly, the UE increments its preamble transmission counter, effectively ramping up its transmission power by a configured step size, and re-transmits the preamble after a random backoff time. When a UE does not have beam correspondence or the beam coherence time has elapsed after a previous gNB-UE beam alignment, the UE may decide to switch its beams before attempting a new Msg1 transmission. Incrementing the preamble transmission counter without beam alignment may cause increased inter-cell interference with no guarantee of success as the UL TX-RX beams may still be misaligned. To avoid this situation and also reduce UE power consumption it is preferable to reset the preamble transmission counter. 

Proposal: if a UE switches its UL TX beam during a RA procedure, it resets the preamble transmission counter. 

Selection of UL waveform for the RA procedure
During the discussion on the UL waveform at the RAN1 #86bis meeting, the following agreement was reached,

· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz
· FFS additional low PAPR techniques 
· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)
· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use
· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs
· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.
· Discuss further offline for possible refined evaluation assumptions/methodology for waveform evaluations
 
As the network has no knowledge of an Idle State UE before it attempts to establish an RRC connection, the UL waveform during the RACH procedure should be pre-determined by specification or provided as part of SI per the RAN1 agreement. To support UEs with sufficient power headroom and UEs that are power limited, one solution is to configure waveform-specific PRACH configurations. Alternatively, one solution that simplifies specification would be to support DFT-S-OFDM for all scenarios and not only for link-budget limited scenarios. In contrast to Msg1, RA Msg3 is the first scheduled UL-SCH transmission and it should be determined whether a switch to CP-OFDM for UEs that are UL power limited, is indicated during or after the RA procedure. Such a switch can be signaled in the RAR. 
Note that a RRC_ACTIVE UE configured for CP-OFDM on PUSCH may still perform a contention-based or non-contention-based RA procedure. If RA is initiated by the network (non-contention-based), the UL waveform is already known to both UE and network so it is straightforward to continue with this waveform at least for RA Msg3 and beyond. On the other hand, if it is contention-based and the PRACH resources are not waveform-specific, the network either indicates the UL waveform in Msg2 or the UE applies a specified waveform for the entire RA procedure. 
Proposal: 
· The UL waveform for RACH procedure should either be pre-determined or signaled in system information.
· If DFT-S-OFDM is supported as baseline waveform for preamble transmission, consider configuration of CP-OFDM or DFT-S-OFDM at least for PUSCH as early as RA Msg3. 

Conclusion
This contribution discussed several open issues for the NR 4-step RA procedure. UL waveform selection for RA Msg1 and Msg3 was also addressed. Our proposals are summarized as follows:
1) Proposal 1: NR processing time reduction in comparison to LTE should be applicable to all channels including data, control and PRACH.
2) Proposal 2: Indication of the RAR corresponding to a transmitted PRACH is a function of the time and frequency location of the PRACH.
3) Proposal 3: The timing reference for the RA-RNTI is based on slot granularity within a radio frame with respect to the reference numerology.
4) Proposal 4: It is up to the network to configure PRACH occasions that facilitate TX beam switching at a UE without beam correspondence.
5) Proposal 5: If beam non-correspondence at the UE is to be supported for random access, request RAN2 to study the higher layer impact of supporting multiple simultaneous RA procedures.
6) Proposal 6: For non-contention based random access, a UE may be scheduled to transmit RA Msg1 in a subset of RACH occasions with a corresponding dedicated RA preamble format for each scheduled RACH occasion. 
7) Proposal 7: If a UE switches its UL TX beam during a RA procedure, it resets the preamble transmission counter
8) Proposal 8: The UL waveform for RACH procedure should either be pre-determined or signaled in system information.
9) Proposal 9: If DFT-S-OFDM is supported as baseline waveform for preamble transmission, consider configuration of CP-OFDM or DFT-S-OFDM at least for PUSCH as early as RA Msg3. 
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