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1. Introduction

Agreements on four-step RACH procedure in RAN1 NR adhoc meeting are as follows: 
	Agreed Definition:

· 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 
Agreement:

For 4-step RACH procedure, 
· 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
Agreement:

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
Agreements:

· For contention-free random access, the following options are under evaluation

· Option 1: Transmission of only a single Msg.1 before the end of a monitored RAR window

· Option 2: A UE can be configured to transmit multiple simultaneous Msg.1

· Note: multiple simultaneous Msg.1 transmissions use different frequency resources and/or use the same frequency resource with different preamble indices
· Option 3: A UE can be configured to transmit multiple Msg.1 over multiple RACH transmission occasions in the time domain before the end of a monitored RAR window
Agreements:
· Following is baseline UE behavior 
· UE assumes single RAR reception at a UE within a given RAR window
· NR random access design should not preclude UE reception of multiple RAR within a given RAR window, if need arises
Agreements:
· At least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam.
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources and/or the subset of RACH preamble indices

· A preamble index consists of preamble sequence index and OCC index, if OCC is supported
· Note: a subset of preambles can be indicated by OCC indices
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



Based on the agreements above, we discuss general RACH procedure in multiple scenarios. 
2. Discussion
2.1. PRACH Configuration
PRACH configuration includes time/frequency information of RACH resource and it should be included in the remaining minimum system information. On receiving the PRACH configuration information, UE is able to transmit PRACH message 1 on the designated time and frequency resource using the preamble in a preamble set within the PRACH configuration. Preamble format in the PRACH configuration information also provides CP length, number of repetitions, subcarrier spacing/sequence length, and etc. In the following, we discuss details on the PRACH configuration. 
1) RACH Resource Configuration in Time Domain

Firstly, signalling method of the RACH resource in time domain is described. Here, RACH resource means time/frequency resource on which PRACH message 1 can be transmitted. Let us set aside preamble indices from the RACH resource. Since RACH resource is associated with SS block at least in order to be able to identify preferred DL transmission beam direction, each RACH resource in time domain is associated with SS block index. 

A set of RACH resource in time domain can be defined in terms of a default periodicity of SS block in a cell. Within the set, there can be multiple occasion of RACH resource in time domain associated with a SS block. SS block period and RACH resource set period are depicted in figure 1. RACH resource set period should be determined based on the SS block period and within the RACH resource set period, multiple RACH resources are configured and each time instance that RACH resource is occurred in the figure is interpreted as a RACH occasion. Given that a set of RACH resource period is decided in terms of default periodicity of SS burst set, exact timing instance is indicated as an offset from the SS block transmission timing, which is associated with that RACH resource. The exact position of RACH occasions within the RACH resource set should also be provided.
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Figure 1. RACH resource allocation within a RACH resource set period in relation to SS block period
In figure 2, it is shown the way to indicating the association of SS block and RACH resource. In the figure, multiple RACH occasions in a RACH set period is omitted. Each RACH resource set is configured in terms of SS block periodicity. The exact starting position in time may differ per RACH resource set corresponding to a SS block and hence the timing offset from each SS block to corresponding RACH resource set should be signalled. 
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Figure 2. RACH resource set period in relation to SS block period in multi-SS blocks transmission
Proposal 1: RACH resource set period is determined based on the SS block period.

Proposal 2: Multiple RACH resources are configured within the RACH resource set period. Each time instance that RACH resource is occurred within the RACH resource set period is interpreted as a RACH occasion.

The duration of RACH resource should be determined by the PRACH preamble format. The length of RACH preamble including guard time (in other words, preamble format) is configured depending on cell coverage.  In addition, number of preamble repetition determines the duration of RACH resource. Therefore, the configuration of RACH resource should include the number of RACH sequence repetition for indication of preamble length in addition to RACH preamble format for CP length.
Proposal 3: Duration of a RACH resource (i.e. RACH occasion) is determined by the Preamble format: CP length, subcarrier spacing, number of repetition, and GT. 

2) RACH Resource Configuration in Frequency Domain

PRACH configuration should also provide RACH resource in frequency domain. UE may not be aware of the whole system bandwidth or resource block indexing when UE attempts PRACH transmission since the UE is not yet connected to the cell. In LTE system, synchronization signal is transmitted at the center of the system bandwidth and PBCH provides the system bandwidth so that UE easily obtains the exact position of RACH resources. However, in NR, the synchronization signal is not guaranteed to be transmitted at the center of the system bandwidth and it may not be that easy to obtain the resource block indexing when UE transmits PRACH. Therefore, it is suggested how to provide RACH resource location in frequency domain. 
UEs in idle mode obtain frequency acquisition based on SS block and hence RACH resource in frequency location should be provided in terms of SS block bandwidth. More preferably, RACH resource in frequency domain should be located within the bandwidth of SS block, where UE detects SS block. Transmission bandwidth of RACH preamble is assumed to be fixed, e.g 1.08MHz with 15khz default subcarrier spacing of PSS/SSS/PBCH. Transmission bandwidth of SS block assuming 15khz subcarrier spacing is four times of RACH transmission bandwidth, network should provide exact position of RACH resource in frequency domain within SS block. 

If network configures RACH resource outside of the SS block where PSS/SSS/PBCH are transmitted, signalling of the RACH resource should be in terms of bandwidth of SS block and bandwidth of RACH. Whole system bandwidth should be indexed in terms of SS block bandwidth. 
Proposal 4: Frequency location of RACH resource is indicated in terms of SS block bandwidth and RACH resource bandwidth. 
3) PRACH Preamble Sequence Information

In LTE system, 64 sequences are allocated to a RACH resource, where if a root code is assigned, then cyclic shift version of the code is mapped to preamble index before use of following root code due to zero cross correlation property. NR PRACH can reuse the same property, and accordingly the sequences with zero cross correlation can be first allocated for RACH preamble, where zero cross correlation is provided by cyclic shift version and orthogonal cover (if defined). Therefore, if a root code is assigned, then the orthogonal cover is allocated by pre-defined rules or configuration and the cyclic shift version with the root code and the orthogonal cover is mapped to preamble index.
In summary, PRACH configuration signalled to UE by a gNodeB can include following parameters. 

· RACH resource allocation in time/frequency domain Preamble format : CP duration and the number of repetition of ZC sequence

· Sequence information : Root code index, Orthogonal cover index (if defined), Cyclic shift length,
2.2. PRACH Power Control
During the RAN1 #88bis meeting, power control methods of PRACH message 1 was discussed. If UE changes its transmission beams, at least four alternatives are identified as below: 
· 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

Power control mechanism elaborated on slide 5 in R1-1706613 includes the cases not only UE switches transmission beam but also UE does not change its transmission beam. It looks like that the counter of power ramping is defined per UE transmission beam so that the transmission power ramps up depending on retransmission number of that beam for PRACH message 1 transmission. Hence, if a transmission beam is used first time for PRACH transmission, the transmission power is started from the initial transmission value (i.e. re-set).

Alt 1 may be inefficient in terms of latency if UE has to reset every time the UE switches its transmission beam direction. There seems no specific criteria that the counter of power ramping remains unchanged for its PRACH retransmission when UE switches its transmission beam (Alt 2). On the other hand, if UE keeps increasing its transmission power irrespective of its transmission beam direction, it may causes at least following two effects: Firstly, network/UE may not be able to find the best transmission beam direction during RACH procedure since PRACH message 1 from the sub-optimal direction is reached to the network due to very high transmission power. Secondly, PRACH message 1 transmission power may be overshoot if UE transmit its PRACH msg.1 with very high power (multiple of power ramping) and the UE’s transmission beam direction corresponds with its receiving beam direction. Therefore, Alt 3 seems not the best way for PRACH power control. Details on the PRACH retransmissions are described in the following. 

Proposal 5: Adopt Alt 4 as a PRACH power control mechanism. 

2.3. On Beam Refinement during RACH procedure
It was discussed whether beam refinement is performed during RACH procedure in the previous meeting. In order to refine gNB and UE’s beam, reference signal should be configured/transmitted for this purpose and UE has to know the reference signal for beam refinement in advance. On the other hand, RACH procedure is performed for various purpose and scenarios which are under discussion in RAN2, for example, to obtain UL synchronization, to request resources allocation or to send on-demand system information updates. Transmitting reference signals during RACH procedure may be beneficial but if the amount of the data to transmit is not that large, the gain of beam refinement may be marginal but it produces network overhead since the network does not exactly know the buffer status of UEs during RACH procedure, i.e. transmitting RS in Msg2. 
Another way to refine beams during RACH procedure is to tie RACH resource to CSI-RS for L3 mobility. For this operation, CSI-RS configuration for L3 mobility should be broadcasted before RACH procedure is started. This means that all of the configuration of CSI-RS for serving cell mobility should be provided in the PBCH, which leads excessive PBCH overhead. On the other hand, it can be included in the RMSI, however, this may lead unnecessary periodic CSI-RS transmission. Therefore, association of RACH resources with CSI-RS for L3 mobility would not be a good option for beam refinement during RACH procedure. 
In our view, beam refinement procedure should be resumed after RACH procedure and possibly the configuration can be included in RACH message 4. 

Proposal 6: Beam refinement procedure should be resumed after RACH procedure and possibly the configuration can be included in RACH message 4.

2.4. Others
Number of msg. 1/RAR transmission
According to the agreements 4-stetp RACH procedure, NR supports a single Msg.1 transmission before the end of a monitored RAR window. Regarding multiple Msg. 1 transmission before the end of the monitored RAR window, it can be supported if need arises. Based on the proposals supporting multiple Msg. 1 transmissions [1-3], multiple Msg. 1 transmission can be regarded as multiple RACH procedures per UE: multiple Msg.1 transmission and possibly multiple RAR transmissions per UE. 

The motivations of multiple RAR transmission are elaborated in [3]. Firstly, one of the motivations for multiple RAR transmissions that has been proposed is described in the following figure due to preamble collision within same RACH resource with different Tx beam. However, this case is merely a collision among UEs during msg.1 and this can be resolved via collision resolution. 

Second motivation discussed during the RAN1 NR adhoc meeting is to support multiple TRPs[3]. It is assumed that both TRP1 and TRP2 receive the same Msg1, but there is not enough time to coordinate the response. Therefore, it is proposed that both TRPs transmit a response each, however, in case of non-ideal backhaul among TRPs, it is not necessarily to share the RACH resource or RACH preambles.  
If UE transmits multiple Msg.1, network may response with RAR per Msg. 1, i.e. multiple RARs per UE, though the network is not able to distinguish whether these multiple Msg. 1 are from a single UE or not. In case network transmits multiple RARs per UE, or per beam or preamble, network assigns multiple UL resources for msg. 3, however, rest of scheduled UL resources is not used for actual msg. 3 transmission, if UE selects a single RAR from multiple RARs.

Observation 1: Multiple msg.1/RAR transmission in multiple beam environments may ruin the system efficiency. 

Contention-free RACH

In last meeting, RAN1 listed several options for contention-free random access. The issue is that UE without beam correspondence should be able to transmit multiple msg. 1 at least for contention-free random access in order to reduce handover latency since the UE is not able to determine its best transmission beam direction. However, it must cause network inefficiency since the network anyhow has to assign dedicated resource while keeping its receiving beam direction, where the UE is allowed to transmit multiple PRACH preambles with beam sweeping. In our view, whether tx/rx beam correspondence hold or not must be a kind of UE capability and if a UE does not have the capability, it is natural that the UE bears some level of latency. If we optimize NR system for the UEs without beam correspondence in mmWave, the whole system capacity will be ruined severely that most of DL/UL resources are to be spent for beam sweeping operation for those UEs. On the other hand, alternative solution as option 2 is proposed during the meeting. In other words, multiple simultaneous msg.1 transmission can be enabled by FDM and/or CDM. However, power limitation issues per UE should be resolved and the benefits of the FDMed transmission of RACH msg.1 should be justified prior. 

Even though a network configures UE with contention-free random access, RACH resource per SS block or CSI-RS should be separately configured for contention-free random access. Though UE performs RRM measurement using SSS, UE only knows long-term SS block RSRP due to L3 filtering and the UE may not know short term SS block RSRP of the target cell. Hence, the selection of SS block and RACH resource for HO purpose should be UE choice but the network may provide dedicated preamble index and/or frequency to provide contention-free random access. In short, rx/tx beamforming during RACH procedure in multiple beam environments, it seems not appropriate to reserve separate time resource for contention-based random access and contention-free random access. Otherwise, it looks sufficient to assign frequency and/or preamble index (code) for contention-free random access while sharing the same RACH resource in time domain. 

Observation 2: In contention free random access, multiple msg.1/RAR transmission is not fully justified in terms of the resource efficiency. 

Proposal 6: RACH resource selection should be up to UE but in order to refrain from ping-pong effect among RACH resources. RACH resource switching during RACH procedure should be up to UE with specified criteria.
3. Conclusion 
We discussed RACH procedure and our observations/proposals are as follows: 
Proposal 1: RACH resource set period is determined based on the SS block period.

Proposal 2: Multiple RACH resources are configured within the RACH resource set period. Each time instance that RACH resource is occurred within the RACH resource set period is interpreted as a RACH occasion.

Proposal 3: Duration of a RACH resource (i.e. RACH occasion) is determined by the Preamble format: CP length, subcarrier spacing, number of repetition, and GT. 

Proposal 4: Frequency location of RACH resource is indicated in terms of SS block bandwidth and RACH resource bandwidth. 
Proposal 5: Adopt Alt 4 as a PRACH power control mechanism. 

Proposal 6: Beam refinement procedure should be resumed after RACH procedure and possibly the configuration can be included in RACH message 4.

Observation 1: Multiple msg.1/RAR transmission in multiple beam environments may ruin the system efficiency. 

Observation 2: In contention free random access, multiple msg.1/RAR transmission is not fully justified in terms of the resource efficiency. 

Proposal 6: RACH resource selection should be up to UE but in order to refrain from ping-pong effect among RACH resources. RACH resource switching during RACH procedure should be up to UE with specified criteria.
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5. Appendix
PRACH preamble retransmission

PRACH preamble transmission over a RACH resource is a single PRACH preamble attempt and the repetition (or beam sweeping if supported) within a RACH resource is also assumed a single PRACH preamble attempt. Rather, PRACH preamble attempt on the different RACH resource or different occasion should be assumed as another RACH preamble attempt, which can be understood as a PRACH retransmission. 
In a multiple beam environment, it should be clarified the notion of RACH preamble retransmission and repetition. Clearly, if UE retransmits PRACH preamble after monitoring corresponding RAR window for the previously transmitted PRACH preamble, it should be PRACH preamble “retransmission”. While if network configures a PRACH preamble format with multiple preambles for the purpose of beam scanning at the TRP side, it should be understood as a PRACH preamble “repetition”. There should be a network signalling on RACH preamble transmission possibly within RACH configuration (PRACH preamble format) on how many preambles are repeated (repetition factor). 

In Figure A, the repetition factor, 4 is assumed on the specific RACH resource, which is associated with a specific SS block(s). In this case, PRACH preamble transmission power level is kept the same during PRACH preamble repetition within a RACH resource. For PRACH preamble retransmission, i.e. PRACH preamble transmission after the end of the RAR, PRACH preamble transmission power is ramped up with the predetermined amount (Pdelta), irrespective of PRACH preamble transmission directions. The reasons why UE should keep the same transmission power for repetition within a RACH resource are as follows: 

· If PRACH preamble repetition is for the purpose of rx. beam scanning due to lack of tx/rx beam correspondence at TRP(gNB) side, TRP has to determine its best received beam direction for a certain transmission beam direction at UE side. If the transmission power differs, TRP may mistakenly determine the best received direction due to transmission power difference at UE side. 
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Figure A. PRACH preamble transmission in case of preamble repetition with UE transmission beam fixed 
In the following, PRACH preamble power control mechanism is described assuming single preamble transmission on a RACH resource for the simplicity of explanation. In case tx/rx beam correspondence holds at UE, UE may fix its beam direction for PRACH preamble transmission for the following PRACH preamble retransmission on the RACH resource. In this case, PRACH preamble transmission power may be ramped up for each PRACH preamble retransmission. If the transmission power reached to the maximum power, then the transmission power is kept to maximum transmission power (Pmax) as shown in Figure B. This RACH procedure is a quite similar procedure that of LTE system. 
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Figure B. PRACH preamble transmission and its transmission power
On the other hand, if tx/rx beam correspondence does not hold at UE side, UE needs to transmit its PRACH preamble with beam sweeping manner. However, if transmission beam switching is considered as a PRACH retransmission or if it can be performed after the end of the RAR window as shown in Figure C, transmission power for PRACH preamble retransmission may differ than in case described in Figure B. Of course, transmission power can be ramped up at every retransmission irrespective of UE transmission beam direction as in Figure B. However, this may cause sub-optimal or non-optimal UE transmission beam selection for PRACH preamble transmission at TRP side. Even though UE retransmits PRACH preamble after the end of RAR window, its transmission power cannot be ramped up until the UE finishes the trial of PRACH preamble transmission for the configured number of UE transmission beams or the number of UE transmission beams the UE has. In other words, PRACH preamble retransmission power should be kept the same on the RACH resource while the UE exhausts the beams that the UE can try or the configured number of PRACH preamble transmission beams for the PRACH preamble transmission. After the UE exhausts all the beams that the UE can try or the configured number of PRACH preamble transmission beams, transmission power should be ramped up for PRACH preamble retransmission. 
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Figure C. PRACH preamble transmission and its transmission power 
Alternatively, in case tx/rx beam correspondence does not hold at UE side, UE may use its transmission beam for PRACH preamble transmission as shown in Figure D, not like round robin as in Figure C. This behavior can be signaled from the network whether UE should round robin its transmission beam first or UE should fix its transmission beam until it reaches a certain number of trails per beam and then switches next beam for PRACH preamble retransmission. Otherwise, a transmission beam for PRACH preamble transmission should be a UE choice. 

[image: image6.emf]RACH resource 

(associated with a specific SS block(s)) 

RAR window RAR window

time

UE Tx beam 

for PRACH preamble transmission B1

B2

B3

B4

RAR window RAR window RAR window

B1

B2

B3

B4

RAR window

RAR window

Transmission power, P

P

init

P

delta

B1

B2

B3 B4 B1 B2 B3 B4


Figure D. PRACH preamble transmission and its transmission power
For the retransmission of PRACH preamble using the same beam direction, the transmission power is ramped up with a configured amount of power. For the retransmission of the PRACH preamble with the different beam direction, the transmission power is not automatically ramped up, it may not be ramped up depending on the number of retransmission using the transmission beam direction. 

In multiple-beam scenario, there can be another domain for PRACH preamble retransmission, i.e. RACH resource. In other words, UE may switch RACH resource for PRACH preamble retransmission. In high level, RACH resource selection should be up to UE but in order to refrain from ping-pong effect among RACH resources, there should be some limitations on switching RACH resources. Therefore, RACH resource switching during RACH procedure should be up to UE with specified criteria, for example, in case the best received beam (SS block index) is changed or multiple beams(SS blocks) are received with the similar received quality. In case of RACH resource switching during the RACH procedure, PRACH preamble transmission power should be reset as initial transmission power based on the estimated path-loss of the SS block associated with the RACH resource. In addition, power ramping counter for all UE transmission beam directions should be reset, also. However, the value of PRACH retransmission counter is not reset but increased.
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