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1 Introduction

It was agreed in RAN1#85 meeting that NR should support of flexible NW and UE channel bandwidth [1] and in last RAN1#86 meeting, it was agreed to assume at least 4-step RACH procedure from RAN1 perspective and to further study simplified RACH procedure [2]. On the other hand, there was a discussion on RACH preamble and following agreements were made [3]:
Agreements:
· NR supports multiple RACH preamble formats, including at least

· RACH preamble format with longer preamble length 

· RACH preamble format with shorter preamble length

· FFS how many signatures (e.g. number of RACH sequences, payload size, etc.)

· Multiple/repeated RACH preambles in a RACH resource is supported

· FFS: How to support single-beam and/or multi-beam operation

· FFS: Preamble could be the same or different

· Numerology for RACH preamble can be different depending on frequency ranges

· FFS: How many numerologies will be supported per frequency range

· Numerology for RACH preamble can be different or the same from that for the other UL data/control channels

Based on these agreements, this contribution will discuss possible approaches to support UEs with different bandwidth capabilities on the same NR carrier under the assumption of 4-step RACH procedure.
2 Discussion
Some requirements to support different UE bandwidths were identified in [4] and are briefly summarized below:

· RACH preamble: PRACH bandwidth should be less than or equal to the minimum supported UE bandwidth.

· RAR: The NR-PDCCH for RAR and the RAR should be transmitted by the gNB over a bandwidth that is less than or equal to the minimum supported UE channel bandwidth.

· Msg3: The NR-PDCCH for Msg3 retransmission should be transmitted by the gNB over a bandwidth that is less than or equal to the minimum supported UE channel bandwidth. 
· Msg4: The NR-PDCCH for Msg4 (re)transmissions should be transmitted by the gNB over bandwidth that is less than or equal to minimum supported UE channel bandwidth of UE. 
There can be two alternatives to meet the above requirements; i) a minimum supported UE bandwidth is fixed in the specifications, and ii) a minimum supported UE bandwidth is signaled in system information. In this section, these two alternatives are discussed in more detail.
Alternative 1
In this approach, UE receives the NR-PDCCH, RAR and Msg4 using fixed DL frequency resources and the UE also transmits the RACH preamble and Msg3 using fixed UL frequency resources. This approach would be simplest but may limit the random access opportunities as is further discussed below.
RACH preamble: UE transmits the RA preamble over a PRACH resource. The UE randomly selects the PRACH resource. The PRACH bandwidth is less than or equal to the minimum supported UE bandwidth.
RAR: The gNB does not know the supported channel bandwidth of the UE that transmitted the RACH preamble. So, the NR-PDCCH for RAR and the RAR are transmitted/received by gNB/UE over a channel bandwidth less than or equal to the minimum supported UE bandwidth. For example, if B1, B2 and B3 are various UE bandwidths supported in system such that B1>B2>B3 then NR-PDCCH for RAR and RAR are transmitted/received by gNB/UE over the minimum channel bandwidth Bmin = B3. There could be several locations in the frequency domain to transmit/receive NR-PDCCH for RAR over the minimum supported UE bandwidth and they can be signalled in system information. RAR resources over the minimum supported UE bandwidth are indicated in NR-PDCCH.
Msg3: The gNB does not know the supported channel bandwidth of the UE. So for Msg3 transmission, the gNB allocates resources corresponding to the minimum supported UE bandwidth. For Msg3 retransmissions, the UE needs to monitor NR-PDCCH. The frequency resources for monitoring NR-PDCCH for Msg3 are indicated in the RAR according to the minimum supported UE bandwidth. Alternatively, the location of frequency resources for receiving NR-PDCCH for Msg3 corresponding to the minimum supported UE channel bandwidth can be signalled in system information. Msg3 retransmission resources over the minimum supported UE bandwidth are indicated in NR-PDCCH.
Msg4: For receiving Msg4 (re-)transmissions, the UE needs to monitor NR-PDCCH. The frequency resources for monitoring NR-PDCCH can be indicated in the RAR according to the minimum supported UE bandwidth. Alternatively, the location of frequency resources for receiving NR-PDCCH for Msg4 corresponding to the minimum supported UE channel bandwidth can be signalled in system information. The frequency resources for Msg4 (re-)transmission can be indicated in the NR-PDCCH according to the minimum supported UE bandwidth.

Observation 1: Alternative 1 (fixed minimum supported UE bandwidth) is simple but limits RACH opportunities.
Alternative 2
The gNB (pre-)configures a set of RA preamble(s), and/or time resources, and/or frequency resources for RACH preamble transmission. A UE selects the RA preamble, and/or time resources, and/or frequency resource for RA preamble transmission according to the supported bandwidth. The gNB can know the channel bandwidth supported by UE when the gNB receives the RA preamble transmission. The benefit of this approach may enable flexible system operation because the gNB can know the UE bandwidth capability immediately upon PRACH reception and the supported UE bandwidth can be immediately applied for the scheduling of RAR, Msg3 and Msg4. However, this approach will require more standardization efforts described in the following.
RACH preamble: The RA preamble(s), and/or time resources, and/or frequency resources for RA preamble transmission corresponding to possibly supported UE channel bandwidths are signalled in system information. A UE selects the RACH preamble, and/or time resources, and/or frequency resources for RACH preamble transmission according to channel bandwidth the UE supports. The gNB can know the channel BW supported by the UE upon receiving the RACH preamble transmission.

RAR: Since NR-PDCCH for RAR should be transmitted on common search space, NR-PDCCH for RAR is transmitted over channel bandwidth that is less than or equal to the channel bandwidth supported by the UE. For example, if B1, B2, and B3 are various UE bandwidths supported in system such that B1>B2>B3; Bc is carrier BW; and UE1 has channel bandwidth B2, then NR-PDCCH for RAR and RAR are transmitted/received by gNB/UE over channel bandwidth B2. There can be several locations in the frequency domain to transmit/receive NR-PDCCH for RAR over the supported UE channel BW. The location of frequency resources for receiving NR-PDCCH for RAR corresponding to each supported UE channel BW can be signalled in system information.
Msg3: In this approach, the gNB already knows the channel BW supported by the UE. So, the gNB allocates resources corresponding to the UE’s channel BW in the RAR. For Msg3 retransmissions, the UE needs to monitor NR-PDCCH. The frequency resources for monitoring NR-PDCCH are also indicated in the RAR according to the UE supported channel BW. The frequency resources for Msg3 retransmissions are indicated in NR-PDCCH according to UE supported channel BW.
Msg4: For receiving Msg4 (re-)transmissions, the UE needs to monitor NR-PDCCH. The frequency resources for monitoring NR-PDCCH are indicated in the RAR according to the UE supported channel BW. The frequency resources for Msg4 (re-)transmission are indicated in NR-PDCCH according to the UE supported channel BW.

Observation 2: Alternative 2 (minimum supported UE bandwidth is signaled in system information) enables flexible system operation at the cost of more signaling overhead.
3 Conclusion
In this contribution, we have discussed two alternatives to support flexible UE bandwidth during 4-step RACH procedure. The observations and proposal are the following:
Observation 1: Alternative 1 (fixed minimum supported UE bandwidth) is simple but limits RACH opportunities.
Observation 2: Alternative 2 (minimum supported UE bandwidth is signaled in system information) enables flexible system operation at the cost of more signaling overhead.
Proposal: Take the above alternatives into account for supporting UEs with different minimum bandwidth capabilities on the same NR carrier for the 4-step RACH procedure.
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