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1. Introduction

In the last RAN1 NR Ad-hoc meeting, the following agreements on PRACH and RACH procedure have been achieved [1]:  
	Agreement:

For single/multi-beam operation, 

· For multiple/repeated RACH preamble transmissions, consider only option 1, option 2 and option 4 

· Option 1: CP is inserted at the beginning of the consecutive multiple/repeated RACH OFDM symbols, CP/GT between RACH symbols is omitted and GT is reserved at the end of the consecutive multiple/repeated RACH symbols
· Option 2/4: The same/different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Study:
· Multiplexing with different orthogonal cover codes 
· Independent RACH sequences in a RACH preamble 
· For supporting various coverage and forward compatibility, flexibility in the length of CP/GT and the number of repeated RACH preambles and RACH symbols is supported
· Note: specific use of these three options may depend on RACH subcarrier spacing and TRP beam correspondence

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


In this contribution, we will discuss the RACH procedure in the NR system based on the agreements, mainly considering the delivery of PRACH msg. 1 and RAR.
2. Discussion
2.1. Determination of RACH resource for PRACH msg. 1 transmission
· Flexibility of PRACH resource configuration
The RACH procedure can be initiated by triggers such as initial access, handover, RRC re-establish, TA adjustment etc., and the UEs may be in RRC_IDLE or RRC_CONNECTED (RRC_INACTIVE/RRC_ACTIVE) state. 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 as broadcast channel/signal and PDCCH in common search space. And 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, such as UE-specific PDCCH. 
In addition, dynamic configuration of PRACH resources should be supported in the NR system to improve resource flexibility, especially when taking dynamic TDD into consideration. For example, as shown in Fig.1, 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. 
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Fig.1. Example of static/semi-static/dynamic PRACH configuration in NR (TDD)
Observation #1: UE’s with different triggers for the RACH procedure may have different requirements for latency and reliability as well as different abilities to acquire the information for initiating the RACH procedure.
Observation #2: The flexibility of PRACH resource configuration should be improved at least for dynamic TDD.
Proposal #1: In order to support the RACH procedure triggered by different events and improve the resource flexibility, 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, as illustrated in Fig.2. 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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Fig.2. unavailable PRACH resource in dynamic TDD system
Observation #3: The static/semi-static PRACH resource may turn out 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.
· 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. 
2.2. RAR delivery on the indicated DL Tx beam
As for RAR delivery, according to the agreements in RAN1#87 meeting, at gNB, the DL Tx beam for msg2 (RAR) can be obtained based on the detected RACH preamble/resource and the corresponding association, regardless of whether Tx/Rx reciprocity is available or not at gNB, at least for multiple beam operation. That is, the UE should indicate the DL Tx beam at gNB for msg2 by RACH preamble/resource and the corresponding association, especially for the NO Tx/Rx reciprocity case. 
Additionally, as discussed in [2], in order to achieve lower overhead, the multiple DL Tx beams associated with RACH resources on the same Rx beam could share one RACH resource, or multiple RACH resources. Based on such an assumption, there are three options for msg2 (RAR) delivery.
· Option #1 (Fig. 4):

· The timing of the RAR window is associated with the DL Tx beam. And the RAR windows associated with different DL Tx beams are separate from each other. 
· The RA-RNTI depends on PRACH location.

By option #1, each UE only needs to monitor and receive the RARs transmitted on its indicated DL Tx beam within the corresponding RAR window. However, because of the association between the Tx beam and the timing of RAR window, such an operation would limit the scheduling flexibility of the gNB feeding back RAR.
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Fig. 4. Example of Option #1
· Option #2 (Fig.5):

· The timing of RAR window is not associated with the DL Tx beam.

· The RA-RNTI depends on PRACH location.

Compared with option#1, such operation could support higher scheduling flexibility at gNB. The drawback is that UE’s may unnecessarily decode the RAR message transmitted on the Tx beams other than its indicated DL Tx beam. For example, as shown in Fig.5, because the RA-RNTI only depends on PRACH location, the RA-RNTI is the same for UE1, UE2 and UE3. Then UE2 and UE3 may decode the RAR message transmitted for UE1, while the decoding is totally worthless.
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Fig. 5. Example of Option #2
· Option #3 (Fig.6):

· The timing of RAR window is not associated with the DL Tx beam. 

· The RA-RNTI depends on PRACH location and the UE’s indicated DL Tx beam.
The scheduling flexibility is the same as in option #2, which is higher than that of option #1. In addition, introducing the DL Tx beam information into the calculation of RA-RNTI can avoid the UE decoding the RAR messages that are transmitted on the DL Tx beams other than its indicated beam.
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Fig. 6. Example of Option #3
Based on the comparison above, Option #3 is a better choice for RAR feedback.

Proposal #4: Consider Option #3 as a candidate for RAR feedback in NR:

· The timing of RAR window is not associated with the DL Tx beam. 

· The RA-RNTI depends on PRACH location and the UE’s indicated DL Tx beam.
2.3. Multiple RAR window configuration
Only one cell-specific RAR window size is configured by the eNB in LTE. Such configuration may be difficult to satisfy the requirement of the different UEs in the same gNB coverage, with respect to access latency. For example, the UEs with Tx/Rx reciprocity could determine the exact UL Tx beam to transmit preamble(s) for successful reception at the gNB, while the UE with NO Tx/Rx reciprocity could not, thus it may need to use different UL Tx beams for different RACH transmission occasions. Assuming that the UE’s only transmit a single Msg.1 before the end of a monitored RAR window, as shown in Fig.7, the gNB successfully receive the 2nd msg. 1 from the UE with Tx/Rx reciprocity and the 3rd msg. 1 from the UE with NO Tx/Rx reciprocity. In order to achieve similar latency, the RAR window size of UE with No reciprocity should be smaller than that of the UE with reciprocity.
As a conclusion, the gNB should be able to configure multiple RAR window sizes for different types of UEs within its coverage range. Then the UEs could select a RAR window size. Each RAR window configuration could be associated with a dedicated RACH preamble/resource set, thus the BS can determine which RAR window size has been selected based on the RACH preamble/resource. 
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(a) UEs with Tx/Rx reciprocity
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(b) UEs with NO Tx/Rx reciprocity
Fig.7 Examples of meg1 re-transmission for UEs 
Proposal #5: In order to achieve similar access latency for different types of UEs, the gNB should be able to configure multiple RAR window sizes.

Proposal #6: Each RAR window size could be associated with a set of RACH preamble/resources.
3. Conclusions

In this document, some considerations on RACH procedure are presented. Based on the discussion, we have following proposals:
Observation #1: UE’s with different triggers for the RACH procedure may have different requirements for latency and reliability as well as different abilities to acquire the information for initiating the RACH procedure.
Observation #2: The flexibility of PRACH resource configuration should be improved at least for dynamic TDD.
Proposal #1: In order to support the RACH procedure triggered by different events and improve the resource flexibility, 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 turn out 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 can also be 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: Consider Option #3 as a candidate for RAR feedback in NR:

· The timing of RAR window is not associated with the DL Tx beam. 

· The RA-RNTI depends on PRACH location and the UE’s indicated DL Tx beam. 
Proposal #5: In order to achieve similar access latency for different types of UEs, the gNB should be able to configure multiple RAR window sizes.

Proposal #6: Each RAR window size could be associated with a set of RACH preamble/resources.
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