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1. Introduction

In this contribution, we will discuss RA procedure in the NR system, with respect to RACH configuration and RAR feedback. 
2. Discussion
2.1. RACH configuration
Regarding RACH configuration, the following agreements were achieved in RAN1 NR Ad-hoc#2 meeting [1].
Agreements:
· All random access configuration information is broadcasted in all beams used for RMSI within a cell
· i.e, RMSI information is common for all beams
Agreements:
· At least for handover case, a source cell can indicate in the handover command, 

· Association between RACH resources and CSI-RS configuration(s)

· Association between RACH resources and SS blocks

· A set of dedicated RACH resources (FFS: time/frequency/sequence)
· Note that above CSI-RS configuration is UE-specifically configured
Accordingly, dedicated RACH resource configuration is supported at least for the handover case. Such dedicated/dynamic configuration can increase the flexibility of resource allocation and the reliability of Msg.1 transmission for handover. 
Apart from the handover case, allocating dedicated/dynamic resources in addition to pre-configured resource indicated in RMSI may be also necessary for other cases to improve the flexibility of resource allocation. For example, when taking into account dynamic TDD, it’s better to make the RACH resources configurable dynamically rather than semi-statically to improve the flexibility of transmission direction scheduling as much as possible. The PRACH time-frequency resources semi-statically configured in RMSI are to guarantee the basic requirements for contention-based RA, while the dynamic resources, which may be associated with dynamic scheduling of transmission direction, could be configured in NR-PDCCH. Furthermore, even if the resource is configured semi-statically e.g. via UE specific RRC signaling, it may turn out to be unavailable in some cases, e.g. when the corresponding slot has to be dynamically assigned as DL for the transmission of DL URLLC data. That is, a RACH resource configured semi-statically may temporarily be re-configured as unavailable by NR-PDCCH. On the other hand it may be useful to be able to temporarily configure UL resources to be available for PRACH, in particular for non-contention based RA, Therefore, considering dynamic TDD and transmission of URLLC data, and non-contention based RA, dynamic configuration of RACH resources via NR-PDCCH should be supported.
Proposal #1: Dynamic configuration of RACH resources via NR-PDCCH should be supported in addition to the configuration in RMSI and UE specific semi-static signaling (if supported).

2.2. RAR transmission and reception
RAR window

Regarding RAR window, some related agreements were achieved in previous meetings [1] [2]. 

Agr​eements:
· 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:
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.

· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access

· Note: Multiple Msg1 can be transmitted with same or different UE TX beams

As the baseline, the UE assumes single RAR reception at the UE within a given RAR window. Based on such an assumption, an example is shown in Fig.1. 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.

[image: image1.emf]RAR window RAR window

t

M

S

G

.1

M

S

G

.1

2

nd

transmission

1

st

transmission

power ramping

R

A

R

Success

t

M

S

G

.1

M

S

G

.1

2

nd

transmission

1

st

transmission

RAR 

window

M

S

G

.1

RAR 

window

RAR 

window

R

A

R

3

rd

transmission

power 

ramping

TX beam 

switching

Success

(a)With Tx/Rx Beam 

respondence

(b)WithoutTx/Rx 

Beam respondence


Fig.1 Example of Msg.1 retransmission for UEs 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.
To sum up, 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 and etc.
As for the timing of the RAR window, basically, it is determined based on the RACH resource 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 the gNB. However, considering the case where multiple SS block/DL Tx beams are associated with the same RACH resources on the same Rx beam, which is beneficial to achieve lower RACH resource overhead, UE’s may unnecessarily attempt to decode the RAR message transmitted on a Tx beam other than its indicated preferred DL Tx beam.
To solve this problem, one of the solutions is, SS block/DL Tx beam information can be carried by the control signaling of the RAR. In addition, 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 two alternatives, (1) introducing SS block/DL Tx beam information into the calculation of RA-RNTI and (2) indicating such information by explicit signaling bits in the DCI.  The signaling overhead is lower in the first method because no extra bits are introduced in the DCI. Therefore, SS block/DL Tx beam information should be carried by RA-RNTI.
Proposal #3:  SS block/DL Tx beam information should be carried by RA-RNTI. 
Multiple RAR
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. Option #2 can improve the probability of successful access and thus reduce latency. Furthermore, if the multiple RARs correspond to different TRPs/gNBs, it will be necessary to support option #2 for the selection of TRPs/gNBs, especially when considering the 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 #4: 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 proposals:
Proposal #1: Dynamic configuration of RACH resources via NR-PDCCH should be supported in addition to the configuration in RMSI and UE specific semi-static signaling (if supported).

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 and etc.
Proposal #3:  SS block/DL Tx beam information should be carried by RA-RNTI. 

Proposal #4: 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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