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1. Introduction
In RAN1#87 meeting, the following agreements on RACH resource/preamble and RACH procedure are achieved [1]:

	· NR will support different PRACH configurations, e.g., considering different numerologies case and whether Tx/Rx reciprocity is available or not at gNB

· Based on the reference numerology for RACH preamble, multiple RACH preambles with scalable numerologies are supported depending on the carrier frequency

· NR supports random access procedure for CONNECTED mode UEs 
· Regardless of whether Tx/Rx reciprocity is available or not at gNB at least for multiple beams operation,

· At gNB, the DL Tx beam for message 2 can be obtained based on the detected RACH preamble/resource and the corresponding association

· UL grant in message 2 may indicate the transmission timing of message 3


And there are also some agreements on the topic of dynamic TDD: 
	· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner

· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)

· FFS adaptation at the level of a mini-slot

· Other aspects, if any, are not excluded

· Note: the applicability of the above bullets in terms of spectra is a separate discussion


In this document, we will discuss the PRACH configuration in NR based on the agreements.
2. Discussion
2.1. Flexible PRACH configuration
The RACH procedure can be initiated by triggers such as initial access, handover, RRC re-establish, TA adjustment etc. Prior to initiation of the RACH procedure, UEs shall receive the PRACH and preamble configuration information from higher layers. 
In the LTE System, UEs determine the set of PRACH resources and preambles through system information (SIB2). Additionally, the PRACH configuration is coupled with the UL/DL configuration in a TDD system. Based on such configuration a method, as shown in Fig.1, assuming the length of one PRACH is one subframe and there are 10 subframes in one frame, the PRACH resources are configured as static or semi-static, which would limit the resource flexibility and make it difficult to support operations such as dynamic TDD in NR. 
In addition, as mentioned above, the RACH procedure may be triggered by different events and the UEs may be in RRC_IDLE or RRC_CONNECTED state. Accordingly, the latency and reliability requirement as well as the UE’s ability to acquire the information for initiating RACH procedure may vary with the triggers. For example, when the RACH procedure is triggered for initial access, a UE could only determine the resources indicated by cell-specific signaling. Such cell-specific signaling could be transmitted semi-statically or dynamically. Another example is that, if the RACH procedure is triggered in RRC_CONNECTED state by events such as handover or TA adjustment, the UE could receive UE-specific dynamic signaling.
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Fig.1. Example of PRACH configuration in NR based on legacy method in LTE (TDD)
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Fig.2. Example of static/semi-static/dynamic PRACH configuration in NR (TDD)
Therefore, in order to improve the resource flexibility and support the RACH procedure triggered by different events, dynamic configuration of PRACH resources should be supported in the NR system. For example, as shown in Fig.2, the resources colored with orange are configured statically or semi-statically to guarantee the basic requirement for the RACH procedure triggered by UE’s in RRC_IDLE state, while the blue part could be configured dynamically for the UE’s in RRC_CONNECTED state. In addition, to support the configuration of different types of PRACH resources, the gNB should be configured to transmit the configuration information through both cell-specific semi-static/dynamic signaling and UE-specific dynamic signaling.
Observation #1: The flexibility of PRACH resource configuration should be improved at least for dynamic TDD.
Observation #2: UEs with different triggers of RACH procedure may have different requirements for latency and reliability as well as different abilities to acquire the information for initiating the RACH procedure.

Proposal #1: In order to improve the resource flexibility and support the RACH procedure triggered by different events, gNB should be able to:
· Support multiple types of PRACH resources, e.g. static, semi-static and dynamic PRACH resources.
· Be configured to transmit the configuration information through both cell-specific semi-static/dynamic signaling and UE-specific dynamic signaling.
Furthermore, for dynamic TDD operation, even if the PRACH resource is statically/semi-statically configured, it may turns to be unavailable for some cases, e.g. when the corresponding slot has to be dynamically assigned as DL for the transmission of DL URLLC data. In this case, if the UE’s still transmit preamble(s) on the resource, the worthless transmission could induce increased access latency as well as interference to other UE’s receiving DL data. In order to avoid the worthless but harmful preamble(s) transmission, the gNB should assist UEs to determine the availability of PRACH resources through cell-specific control signaling, e.g. PDCCH in the common search space. And the UE’s should monitor the control signaling and transmit preamble(s) on the available resource.
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Observation #3: The static/semi-static PRACH resource may turns to be unavailable for some cases, e.g. for the transmission of DL URLLC data.

Proposal #2: In order to avoid worthless but harmful preamble(s) transmission, 

· gNB should be able to assist UEs to determine the availability of PRACH resources through cell-specific control signaling, e.g. PDCCH in common search space.
· UE’s should monitor the control signaling and transmit preamble(s) on the available resource.
2.2. PRACH configuration for the multi-numerology case
Considering the multi-numerology case, the control signaling indicating the information for initiating RACH procedure may be transmitted on each numerology or only on the reference numerology, while the PRACH resources may be configured on not only the reference numerology but other numerologies to guarantee the capacity and alleviate collisions in random access. Consequently, several example cases for PRACH configuration are given in Fig.3.
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Fig.3. Four example cases for PRACH configuration in multi-numerology scenarios
· Case 1: The control signaling on each numerology indicates the PRACH resources on each numerology respectively.
· Case 2: The control signaling on the reference numerology implicitly/explicitly indicates the PRACH resources on each numerology.
· Case 3: The control signaling on the reference numerology implicitly/explicitly indicates the static/semi-static PRACH resources on each numerology, while the control signaling on each numerology indicates the dynamic resources respectively.

· Case 4: The control signaling on the reference numerology implicitly/explicitly indicates the static PRACH resources on each numerology, while the control signaling on each numerology indicates the semi-static/dynamic resources respectively.
Observation#4: In a multi-numerology scenario, the information required for initiation of the RACH procedure may be transmitted on each numerology or only on the reference numerology, while the PRACH resources are also configured on the other numerologies to guarantee capacity and alleviate collision.  

Proposal#3: Both intra- and inter-numerology indication of PRACH configuration should be considered. 
2.3. PRACH configuration for multi-beams case
Tx/Rx beam sweeping at gNB would be necessary to cover the entire cell with narrow beams, especially in high frequency bands. When the Tx/Rx reciprocity is not available at the gNB, multiple/repeated RACH preambles transmission should be supported so that the gNB could receive the preambles through multiple UL Rx beams. That is, each DL Tx beam should be associated with the PRACH resources on multiple UL Rx beams, as shown in Fig.5. Furthermore, in order to achieve lower overhead, the DL Tx beams associated with same UL Rx beam should share common PRACH resources on the same Rx beam. 
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Fig.5. Each Tx beam associated with PRACH resources on multiple Rx beams
Proposal #4: Considering the reciprocity issue and PRACH overhead, the DL Tx beams associated with the same UL Rx beam should share common PRACH resources on the same Rx beam.

3. Conclusions

In this document, some considerations on PRACH configuration in NR are presented. Based on the discussion, we have following observations and proposals:
Observation #1: The flexibility of PRACH resource configuration should be improved at least for dynamic TDD.
Observation #2: UEs with different triggers of RACH procedure may have different requirements for latency and reliability as well as different abilities to acquire the information for initiating RACH procedure.

Proposal #1: In order to improve the resource flexibility and support the RACH procedure triggered by different events, gNB should be able to: 
· Support multiple types of PRACH resources, e.g. static, semi-static and dynamic PRACH resources.
· Be configured to transmit the configuration information through both cell-specific semi-static/dynamic signaling and UE-specific dynamic signaling.
Observation #3: The static/semi-static PRACH resource may turns to be unavailable for some cases, e.g. for the transmission of DL URLLC data.

Proposal #2: in order to avoid worthless but harmful preamble(s) transmission, 

· gNB should be able to assist UEs to determine the availability of PRACH resources through cell-specific control signaling, e.g. PDCCH in common search space.

· UE’s should monitor the control signaling and transmit preamble(s) on the available resource.
Observation#4: In a multi-numerology scenario, the information required for initiation of the RACH procedure may be transmitted on each numerology or only on the reference numerology, while the PRACH resources are also configured on the other numerologies to guarantee capacity and alleviate collision.  

Proposal#3: Both intra- and inter-numerology indication of PRACH configuration should be considered. 

Proposal #4: Considering the reciprocity issue and PRACH overhead, the DL Tx beams associated with the same UL Rx beam should share common PRACH resources on the same Rx beam.
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