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1. Introduction

In the RAN1 NR Ad-hoc meeting, the definition of RACH transmission occasion was given as follows [1]:  

	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
Agreements:
· 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


Additionally, in RAN1#88 meeting, some further agreements on PRACH format and RA procedure were achieved [2]:
	Agreements:

· Regarding multiple/repeated PRACH preamble formats, NR at least supports option 1
· RAN1 studies other options and consider option 1 as baseline for comparison with other options
· For RACH capacity enhancements, 

· Option 2 with/without OCC and/or option 4 with different sequences can be considered
· Note: for option 4, combination with different sequences can be studied
· Note: for option 4, two-stage or multiple-stage UE detection can be studied for possible complexity reduction for PRACH detection
· All options will consider beam switching time
· FFS : Number of Preambles/Symbols, Length of CP/GT

· The region for PRACH transmission should be aligned to the boundary of uplink symbol/slot/subframe

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


In RAN1#88b meeting, it was noted that NR supports indication of PRACH resource allocation for non-contention based random access for a UE [3].
	Agreements:

· NR supports indication of PRACH resource allocation for non-contention based random access for a UE

· FFS on how the PRACH resource is indicated for the UE

· Note: PRACH resource refers to time/frequency/code resources of the PRACH preamble


In this contribution, we will discuss the random access procedure in the NR system based on the agreements, mainly with respect to the transmission of PRACH msg. 1 and RAR.
2. Discussion
2.1. Configuration and determination of RACH resource/indices for Msg.1 transmission
The RACH procedure may be initiated by triggers such as initial access, handover, RRC re-establish, TA adjustment and beam recovery etc., and the UEs may be in RRC_IDLE, RRC_CONNECTED and RRC_INACTIVE state. The latency and reliability requirements as well as the UE’s ability to acquire the information for initiating the RACH procedure may vary with the triggers and UE’s state. For example, when the RACH procedure is triggered for initial access, the UE is in RRC_IDLE state and could only determine the resources indicated by cell-specific semi-static/dynamic signaling, such as broadcast system information. And if the RACH procedure is triggered by events such as handover or TA adjustment, the UE is in RRC_CONNECTED state and could receive UE-specific dynamic signaling, such as via UE-specific PDCCH. For example, as agreed in RAN1#88b meeting, NR supports indication of PRACH resource allocation for non-contention based random access for a UE. In this case, the UE is in RRC_CONNECTED state and the PRACH resource could be indicated by UE-specific dynamic signaling, such as via UE-specific PDCCH, as well as semi statically via RRC.
In addition, the RACH resource flexibility in the NR system should be improved, especially when taking dynamic TDD into account. For example, dynamic configuration of PRACH resources can be supported. Static or semi-static resources are configured to guarantee the basic requirement for the RACH procedure triggered by UE’s in the RRC_IDLE state, while dynamic resources could be configured for the UE’s in RRC_CONNECTED state, e.g. for non-contention based RA. Furthermore, even if the PRACH resource is statically/semi-statically configured, it may turn out 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, dynamic re-configuration of RACH resources may need to be supported.
Observation 1: UE’s with different triggers for the RACH procedure or in different connection states 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 RACH resource configuration in NR should be improved compared with LTE.
Proposal 1: At least for the purpose of supporting forward compatibility and resource flexibility, gNB should be able to:

· To transmit the configuration information through both cell-specific semi-static/dynamic signaling and UE-specific dynamic signaling.
· Configure multiple types of PRACH resources, e.g. static, semi-static and dynamic PRACH resources. 
2.2. Msg.1 retransmission
Within the coverage of the same gNB, there may be UEs with and without Tx/Rx beam correspondence. A UE with Tx/Rx beam correspondence could determine the exact UL Tx beam to transmit Msg.1 to achieve successful reception at the gNB. A UE without Tx/Rx beam correspondence may not be able to identify a suitable UL Tx beam, thus it may need to use different UL Tx beams for different RACH transmission occasions if the Msg.1 transmission failed. Assuming that the UE’s only transmit a single Msg.1 before the end of a monitored RAR window, as shown in Fig.1, as an example the gNB could successfully receive the 2nd Msg. 1 from the UE with Tx/Rx beam correspondence after power ramping and the 3rd Msg. 1 from the UE without Tx/Rx beam correspondence after Tx beam switching. In order to achieve similar latency, the RAR window size for UEs without Tx/Rx beam correspondence should be smaller than that for UEs with correspondence.
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Fig.1 Examples of Msg.1 retransmission with/without Tx/Rx beam correspondence
In addition, if a UE detected multiple SS blocks with similar reception quality, it may need to switch to a RACH resource associated with another SS block for Msg.1 retransmission. In this case, a smaller RAR window will be preferred, while the UEs detecting only one suitable SS block can use the normal window size.
As a conclusion, the gNB should be able to configure multiple RAR window sizes within its coverage range for UE’s selection based on its UE type, measurement results or something else.
Proposal 2: The gNB should be able to configure multiple RAR window sizes within its coverage range for UE’s selection based on its UE type, measurement results etc.
If the gNB configures multiple RAR window sizes for the UE’s selection, UEs should indicate their selection of window size via Msg.1. For example, each RAR window size could be configured to be associated with a dedicated RACH preamble/resource subset, thus the gNB can determine which RAR window size has been selected according to the RACH preamble/resource used for Msg.1 transmission. 
Proposal 3: Association between a RAR window size and a RACH preamble/resource subset should be supported.
2.3. Multiple Msg.1 transmission before the end of a monitored RAR window

For the contention-free random access, there are 2 options given in RAN1#88 meeting for multiple Msg.1 transmission.

· 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
As discussed in 2.2, UEs with or without Tx/Rx beam correspondence, UEs detecting a single or multiple SS blocks with similar reception quality may co-exist in the same gNB coverage. In order to achieve similar latency for these UEs, an alternative method is that the UE can be configured to transmit one or multiple Msg.1 before the end of a monitored RAR window. In this way, multiple RA trials can be attempted before the end of a RAR window. In the case of contention-free random access, the network can take the multiple Msg.1 transmissions under control by UE-specific configuration. However, when it comes to the random-based case, some decisions, e.g. the selection of RACH resource and preamble indices, are made by the UE. So the configuration to support multiple Msg.1 transmission should be pre-configured through a broadcast channel/signal.
Proposal #4: At least for contention-free random access, multiple Msg.1 transmission before the end of a monitored RAR window can be supported for some UEs, e.g. UEs without Tx/Rx correspondence etc.
2.4. RAR feedback
According to the agreement in RAN#88 meeting, at least for the case without gNB Tx/Rx beam correspondence, a gNB can configure an association between a DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining the Msg.2 DL Tx beam. Based on the DL measurement and the corresponding association, the UE selects the subset of RACH resources and/or the subset of RACH preamble indices. 

Basically, the timing of the RAR window is determined based on the location of Msg.1 transmission.  Considering the association between SS block/DL Tx beam, and the RACH resources, the timing of the RAR window may be associated with the SS block/DL Tx beam or independent of the SS block/DL Tx beam. Independent timing can support higher scheduling flexibility at gNB. However, considering the case where multiple DL Tx beams associated with RACH resources on the same Rx beam share RACH resource(s), which is beneficial to achieve lower RACH resource overhead as discussed in [4], UE’s may unnecessarily attempt to decode the RAR message transmitted on a Tx beams other than its indicated DL Tx beam. To solve this problem, the RAR windows corresponding to those DL Tx beams can be configured to be separated from each other. 
Proposal 5: The gNB should be able to configure overlapping or separated RAR windows considering the association between SS block/DL Tx beam and RACH resources.
In the case of overlapping RAR windows, there is another way to avoid UE’s unnecessarily attempting decoding of RAR message transmitted on the Tx beams other than its indicated DL Tx beam. That is, SS block/DL Tx beam information can be carried by the control signaling of the RAR. In addition, as discussed in 2.3, if NR supports multiple Msg.1 transmission for UEs detecting multiple SS blocks with similar reception quality, the network may need to indicate the mapping relationship between the SS block/DL Tx beam and the RAR. Therefore, as a unified solution, SS block/DL Tx beam information should be carried via the control signaling of the RAR. We consider 2 alternatives, introducing SS block/DL Tx beam information into the calculation of RA-RNTI and indicating such information by explicit signaling bits in the DCI.  The singling overhead is lower in the first method because of no extra bits introduced in DCI. Therefore, SS block/DL Tx beam information should be carried by RA-RNTI.
Proposal 6:  SS block/DL Tx beam information should be carried by RA-RNTI. 
2.5. Multiple RAR transmission and reception
Considering the Tx/Rx beam correspondence issue, mechanisms such as transmission of multiple/repeated preambles may be supported in NR. Consequently, the network may feed back multiple RARs to a single UE. Here are some examples.
· A UE transmits just one Msg.1 with multiple/repeated preambles. The gNB without Tx/Rx beam correspondence receives the Msg.1 by multiple Rx beam and feeds a RAR back for each Rx beam reception.
· A UE transmits just one Msg.1 on a common RACH resources of several TRPs/gNBs. Each TRP/gNB transmits a RAR according to its Msg.1 reception independently.
Accordingly, for the RAR reception under the situation of multiple RAR transmission, we consider 2 options at the UE side as shown in Fig.2.

· Option #1: The UE can assume a single RAR within a RAR window. That means, if the UE received a RAR, it would stop monitoring for other RARs. 
· Option #2: The UE can monitor and receive multiple RARs within a RAR window. The UE would continue to monitor RARs even if it has received a RAR.
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Fig.2 RAR reception in the case of multiple RAR transmission 
As we discussed above, multiple RAR transmission occurs mainly when it’s challenging for the UE to achieve the latency requirement of the RA procedure. In this case, multiple RAR reception can improve the probability of successful access and thus reduce latency for these UEs. Furthermore, if the multiple RARs are corresponding to different Tx/Rx beams or from different TRPs/gNBs, it will be necessary for the UE to receive multiple RARs and determine the transmission of Msg.3 or the selection of TRPs/gNBs based on the RARs, especially when considering UE’s movement. Therefore, NR should be able to support UE reception of multiple RAR within a given RAR window at least for some cases.

Proposal 7: NR should be able to support UE reception of multiple RAR within a given RAR window at least for some cases.
3. Conclusions

In this document, some considerations on RACH procedure are presented. Based on the discussion, we have following observations and proposals:
Observation 1: UE’s with different triggers for the RACH procedure or in different connection states 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 RACH resource configuration in NR should be improved compared with LTE.
Proposal 1: At least for the purpose of supporting forward compatibility and resource flexibility, gNB should be able to:

· Transmit the configuration information through both cell-specific semi-static/dynamic signaling and UE-specific dynamic signaling.
· Configure multiple types of PRACH resources, e.g. static, semi-static and dynamic PRACH resources.
Proposal 2: The gNB should be able to configure multiple RAR window sizes within its coverage range for UE’s selection based on its UE type, measurement results etc.
Proposal 3: Association between a RAR window size and a RACH preamble/resource subset should be supported.
Proposal #4: At least for contention-free random access, multiple Msg.1 transmission before the end of a monitored RAR window can be supported for some UEs, e.g. UEs without Tx/Rx correspondence etc.
Proposal 5: The gNB should be able to configure overlapping or separated RAR windows considering the association between SS block/DL Tx beam and RACH resources.
Proposal 6:  SS block/DL Tx beam information should be carried by RA-RNTI. 
Proposal 7: NR should be able to support UE reception of multiple RAR within a given RAR window at least for some cases.
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