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1 Introduction

In RAN1#85, the following agreements were made [1]:
Agreements:
· NR should support of flexible NW and UE channel bandwidth

· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access
· The NR physical-layer design should allow for fine granularity in terms of NR carrier bandwidth 

· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth

· FFS: minimum bandwidth
· FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception

· FFS: There should not be an assumption that the network carrier bandwidth is necessarily the same for downlink and uplink

In this contribution, we discuss how to support UEs with different bandwidth capabilities on the same NR carrier during random access procedure.
2 Requirements to Support Different UE Bandwidth
Whether contention-based RA (random access) is needed in NR or not was not discussed yet and detailed procedure of contention-based RA would be studied in RAN2 if contention-based RA should be introduced in NR. However, we believe that contention-based RA is required at least for the initial access and the high level steps shown in Fig. 1 could be taken into account a baseline for the discussion of contention-based RA procedure in NR.
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Figure 1: High level steps for contention-based RA procedure
The channel bandwidth of a UE transmitting the RA preamble can be smaller than the NR carrier bandwidth. Also different UEs may have different channel bandwidth for transmission/reception on the same NR carrier.

RA Preamble
In this phase, NR-BS does not know the bandwidth capabilities of UEs and thus PRACH bandwidth in NR should be less than or equal to minimum supported UE bandwidth in NR. This ensures that every UE is able to transmit RA preamble irrespective of its supported UE channel bandwidth during initial access. For example, if B1, B2, and B3 are various UE channel bandwidths supported in a system such that B1 > B2 > B3, then PRACH bandwidth should be less than or equal to B3.
Alternatively, NR-BS may be able to pre-configure a set of RA preamble(s) and/or time and/or frequency resources for RA preamble transmission. UE selects the RA preamble and/or time and/or frequency resource for RA preamble transmission according to the supported bandwidth. NR-BS can know the channel bandwidth supported by UE on receiving the RA preamble transmission. The benefit of this approach may allow flexible system operation because NR-BS can know UE bandwidth capability earliest and supported UE bandwidth can be immediately applied for the scheduling/grant of RAR, MSG3 and MSG4. In this approach, much standardization efforts are anticipated.
Observation 1: In order to support UEs with different bandwidth capabilities on the same NR carrier, PRACH bandwidth should be larger than or equal to minimum supported UE bandwidth.
Random Access Response (RAR)
NR-BS (NR-base station) transmits RAR in response to successfully received RA preamble. It is assumed that NR-BS will transmit NR-PDCCH (similar to LTE PDCCH) addressed to RA-RNTI to indicate RAR transmitted in NR-PDSCH (similar to LTE PDSCH). The channel bandwidth of a UE waiting for RAR after transmitting the RA preamble can be smaller than the NR carrier bandwidth. UE can monitor the NR-PDCCH for RAR during the RAR window only over the channel bandwidth supported by it. UE can also receive the RAR only over the channel bandwidth supported by it. So, the NR-PDCCH for RAR and RAR should be transmitted by NR-BS over bandwidth less than or equal to channel bandwidth of UE.
Observation 2: The NR-PDCCH for RAR and RAR should be transmitted by NR-BS over bandwidth less than or equal to channel bandwidth of UE.
Scheduled UL Transmission or MSG3
UE transmits MSG3 after receiving the RAR. It is assumed that resources for initial transmission of MSG3 are provided in RAR. Resources for retransmission of MSG3 are indicated by NR-PDCCH. The channel bandwidth of a UE can be smaller than the NR carrier bandwidth. So, the NR-PDCCH for MSG3 retransmission should be transmitted by NR-BS over bandwidth less than or equal to channel bandwidth of UE. Resources for MSG3 transmission should be allocated to UE over bandwidth less than or equal to channel bandwidth of UE.

Observation 3: The NR-PDCCH for MSG3 retransmission should be transmitted by NR-BS over bandwidth less than or equal to channel bandwidth of UE. Resources for MSG3 transmission should be allocated to UE over bandwidth less than or equal to channel bandwidth of UE.

Contention Resolution Message or MSG4
Similarly to LTE, NR-BS transmits the MSG4 in response to successfully received MSG3. Resources for (re)transmissions of MSG4 are indicated by NR-PDCCH. The channel bandwidth of a UE can be smaller than the NR carrier bandwidth. So, the NR-PDCCH for MSG4 (re)transmissions should be transmitted by NR-BS over bandwidth less than or equal to channel bandwidth of UE. Resources for MSG4 transmission should be allocated to UE over bandwidth less than or equal to channel bandwidth of UE.
Observation 4: The NR-PDCCH for MSG4 (re)transmissions should be transmitted by NR-BS over bandwidth less than or equal to channel bandwidth of UE. Resources for MSG4 transmission should be allocated to UE over bandwidth less than or equal to channel bandwidth of UE.
3 Conclusion
In this contribution, we have discussed what is required to support UEs with different bandwidth capabilities on the same NR carrier and the following requirements are observed:
Requirements to support different UE bandwidths on the same NR carrier

· In order to support UEs with different bandwidth capabilities on the same NR carrier, PRACH bandwidth should be larger than or equal to minimum supported UE bandwidth.

· The NR-PDCCH for RAR and RAR should be transmitted by NR-BS over bandwidth less than or equal to channel bandwidth of UE.

· The NR-PDCCH for MSG3 retransmission should be transmitted by NR-BS over bandwidth less than or equal to channel bandwidth of UE. Resources for MSG3 transmission should be allocated to UE over bandwidth less than or equal to channel bandwidth of UE.

· The NR-PDCCH for MSG4 (re)transmissions should be transmitted by NR-BS over bandwidth less than or equal to channel bandwidth of UE. Resources for MSG4 transmission should be allocated to UE over bandwidth less than or equal to channel bandwidth of UE.

Proposal: The RACH-related signals and channels should be designed to take a benefit from various bandwidth values that NR UEs may support.
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