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1. Introduction
NR system targets for large range of frequencies and various use cases. Design of random access procedure should take into account physical layer design addressing multiple numerologies and flexible NW and UE channel bandwidth as agreed in last RAN1 meeting.
In this contribution, we discuss random access procedure design for NR taken the impact of physical layer design into account. 
2. Discussion
RAN1 introduced multiple numerologies and flexible bandwidths in RAN1#85 meeting. It was agreed that:
(1) Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported.
(2) NR should support of flexible NW and UE channel bandwidth. And 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
	Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered
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


RAN2 should design RA procedure considering these two new L1 characteristics. In [1], we propose that a common random access procedure design should be targeted to address different numerologies in NR. Common random access procedure means one procedure applicable to all scenarios, purposes, and numerologies. Regarding detail design, such as preamble sequence and time/frequency resource location, should further be discussed.
The way multiplexing different numerologies within a same NR carrier bandwidth could be FDM or TDM. 
Figure 1 shows the FDM multiplexing of mixed numerologies. NW works on both bandwidth 1 with numerology 1 (such as 15 kHz subcarrier space) and bandwidth 2 with numerology 2 (larger subcarrier space and shorter symbol). An UE may work only on bandwidth 2.
Figure 2 shows the TDM multiplexing of mixed numerologies. Numerology 1 (15 kHz subcarrier space) is applied in time interval type 1, and Numerology 2 (larger subcarrier space and shorter symbol) is applied in time interval type 2.
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Figure 1 FDM multiplexing of NR Mixed Numerologies
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Figure 2 TDM multiplexing of NR Mixed Numerologies
(1) preamble sequence and the numerology of PRACH resource

In theory, preamble sequence and the numerology of PRACH resource could be designed to be corresponding to each numerology in bandwidth or common to all numerologies in bandwidth. However, if preamble sequence and/or PRACH resource is UE numerology dependent, it increases the design complexity and the processing complexity in both NW and UE side. Meanwhile, no advantage of UE numerology dependent Msg1 is identified. Therefore, it is proposed that design of preamble sequence and the numerology of PRACH resource are independent to UE numerology.
Proposal 1: The design of preamble sequence and PRACH resource numerology are independent of UE numerology.
(2) Bandwidth for RA procedure and numerology for Msg2
While common design of preamble sequence and PRACH resource is assumed for all numerologies, we still need to consider the bandwidth for RA procedure and the numerology of Msg2.

There are 3 options for this issue.
Option 1: Msg1 and Msg2 are transmitted in a defined bandwidth and Msg2 is transmitted with a defined numerology.
For FDM multiplexing of mixed numerologies shown in Figure 3, Msg1 and Msg2 are transmitted in bandwidth 2 with 15 kHz subcarrier space. All UEs should be able to perform RA procedure in bandwidth 2. NW could configure UE working on another bandwidth and using another numerology after contention resolution. The PRACH resource for preamble transmission is independent of numerology for data transmission.
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Figure 3 RA procedure in defined bandwidth
For TDM multiplexing of mixed numerologies shown in Figure 4, Msg2 can be transmitted only in the time interval type 1 with defined numerology (such as 15 kHz subcarrier space), and Msg1 could be transmitted in any time interval.
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Figure 4 Msg2 in time interval type with defined numerology
The advantages of option 1 are: 
1) UE doesn’t need to be aware of the multiple numerologies and operating band before initial access.
2) The defined bandwidth/numerology should belong to minimum UE capability, and all UEs perform RA procedure in the same way.
The disadvantages of option 1 are: 
1) The overload of Msg1 and Msg2 is concentrated in part of NW bandwidth/TTIs.
2) UE operating bandwidth could be different to RACH bandwidth.
3) If PRACH bandwidth is different from UE operating bandwidth, Msg1 can not be used as reference for UL TA and UL data channel quality.

4) The numerology for data transmission is different to that in RACH bandwidth/TTI.
Option 2: Msg1 is transmitted in a defined bandwidth, and Msg2 could be transmitted in another bandwidth and/or different numerology based on information in Msg1, for example according to preamble group.
An example in FDM shown in Figure 5, Msg1 could be transmitted in bandwidth 2 only. The preambles are grouped according to the numerologies. Upon reception of Msg1, NW should send Msg2 in the bandwidth corresponding to the numerology informed by preamble group.
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Figure 5 Msg1 in defined bandwidth, Msg2 in any bandwidth

An example in TDM shown in Figure 6, Msg1 can be transmitted in any TTI in which PRACH resources are configured. Upon reception of Msg1, NW should send Msg2 in the time interval type with specific numerology corresponding to the preamble group.
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Figure 6 Msg2 in any time interval type
The advantages of option 2 are: 
1) UE could work in its data operating bandwidth immediately after Msg1.
2) UE doesn’t need to have the capability to decode two kinds of numerologies.
The disadvantages of option 2 are:
1) The overload of PRACH resource is concentrated in part of NW bandwidth in FDM way.
2) UE operating bandwidth could be different to PRACH bandwidth.
3) As PRACH bandwidth is different from UE operating bandwidth, Msg1 can not be used as reference for UL TA and UL data channel quality.
Option 3: in FDM, Msg1 and Msg2 are transmitted in the UE bandwidth. In TDM, Msg1 and Msg2 are transmitted in the time interval type with UE data numerology.
In FDM, as shown in Figure 7, UEs transmit Msg1 and receive Msg2 in their own operating bandwidth.
[image: image7.png]Msg2 for UEL in

PRACH for UE1

Bandwidth 1

{Numerology 1)

Bandwidth 2

{Numerology 2,

eg. 15kHz SS)

bandwidth 1
: ¥
—RACHHW i
< L

Msg2 for UE2 Time Interval
in bandwidth 2

PRACH for UE2




Figure 7 Msg1 and Msg2 in UE bandwidth
In TDM, as shown in Figure 8, UEs transmit Msg1 and receive Msg2 in the time interval type with the numerology for UE data transmission.
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Figure 8 Msg1 and Msg2 are transmitted in the time interval type with UE numerology
The advantages of option 3 are:
1) UEs work in the same bandwidth for RA procedure and data transmission.

2)  UE doesn’t need to have the capability to decode two kinds of numerologies.
The disadvantages of option 3 are: 
1) NW should configure PRACH resource in every operating bandwidth for different kinds of UE.
2) UE has to be aware of the multiple numerologies and operating bandwidth prior to initial access.

All three options show some drawbacks in terms of UE complexity, system resource usage, complexity. TDM of mixed numerologies increases the time delay of RA procedure in all three options. Using common resources for Msg1 and Msg2 as in option 1 however provides more flexibility of introducing new features and service involving RA procedure in the future. Therefore, for forward compatibility support, option 1 should be selected for the RA procedure Msg1 and Msg2 design. If we want to avoid forcing UE (such as URLLC UE) to have two kinds of numerologies decodable capabilities, option 2 and option 3 could be considered.
Proposal 2: It is proposed to discuss above options about bandwidth configuration for Msg1 and Msg2, and numerology for Msg2.
3. Conclusion

In this contribution, the impacts of NR deployment and L1 design on RA procedure are discussed. And we propose that:

Proposal 1: The design of preamble sequence and PRACH resource numerology is independent of UE numerology.
Proposal 2: It is proposed to discuss above options about bandwidth configuration for Msg1 and Msg2, and numerology for Msg2.
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