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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The introduction of bandwidth parts (BWPs) in RAN1 allows NR a new degree of flexibility for allocating resources. In RAN1, draft specifications in section 12 of [1] allow a UE to have up to four DL BWP configurations and up to four UL BWP configurations. Each BWP configuration has a subcarrier spacing, cyclic prefix, number of contiguous PRBs, and a starting offset for the PRBs.
Recent agreements in RAN1 support active BWP and active BWP switching [2]: (emphasis added)
· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.
· PDSCH delivering RMSI are confined within the initial active DL BWP

· For paired spectrum, DL and UL BWPs are configured separately and independently in Rel-15 for each UE-specific serving cell for a UE
· For active BWP switching using at least scheduling DCI, DCI for DL is used for DL active BWP switching and DCI for UL is used for UL active BWP switching
· FFS whether or not to support a single DCI switching DL and UL BWP jointly
· For unpaired spectrum, a DL BWP and an UL BWP are jointly configured as a pair, with the restriction that the DL and UL BWPs of such a DL/UL BWP pair share the same centre frequency but may be of different bandwidths in Rel-15 for each UE-specific serving cell for a UE
· For active BWP switching using at least scheduling DCI, DCI for either DL or UL can be used for active BWP switching from one DL/UL BWP pair to another pair
· Note: there is no additional restriction on DL BWP and UL BWP pairing
· Note: this applies to at least the case where both DL & UL are activated to a UE in the corresponding unpaired spectrum
However, in [3] RAN1 indicated that “it has agreed in Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell.”
Given support for multiple BWP configurations, the number of active BWP, and switching, the question of supporting switching across different numerologies should be clarified for Rel-15 UEs. Based on the decisions made in previous meetings, the conclusion is the feature of BWP switching with the same and different numerology should be supported from a UE perspective. This will allow RAN4 to develop test scenarios for 60 kHz and to develop guidelines for switching. 
Discussion
In [7], RAN4 provided a set of feasible subcarrier spacings (15, 30, 60 kHz under 6 GHz). In addition, RAN4 also discussed use cases for mixed numerologies at the base station for FDM operation [4] [5]. Further, the agreement was that “UEs will not be required to be able to receive data on multiple numerologies” for FDM (Rel-15). However, the agreement does not preclude a Rel-15 UE from operating with one numerology at one time and another numerology at a different time. In this context mixed numerologies focuses on multiple subcarrier spacings.
[bookmark: _GoBack]In [8], some benefits of bandwidth parts switching are described. For example, when operating with a 15 / 30 kHz spacing, the UE should be able to operate with a 60 kHz spacing and 7-symbol mini-slot in order to satisfy latency requirements for URLLC in TDD mode. A second example is the ability to associate a BWP with a service. Switching services would necessitate switching BWP. Another example is better resource utilization for the network when a UE switches BWP. Suppose a network partitions its carrier with one part at 15 kHz and another part at 60 kHz spacing. If the 60 kHz spacing partition is lightly loaded, the network can switch the active BWP of a UE from 15 kHz to 60 kHz to distribute the load.
RAN1 created a series of procedures using this set of subcarrier spacings. The following sections show how multiple subcarrier spacings are used (focusing on sub-6GHz). 
SS/PBCH and RMSI
In the procedures for initial access in section 4 of [1], the subcarrier spacing for SS/PBCH block is either 15 or 30 kHz under 6 GHz. When a UE processes the master information block (MIB), one field indicates configuration information about the remaining minimum system information (RMSI) for the associated SS/PBCH block [2].
· A single bit is used in NR-PBCH for indicating the numerology for RMSI, Msg.2/4 for initial access and broadcasted OSI
· For sub-6GHz
· 0: 15kHz, 1: 30kHz
· For >6GHz
· 0: 60kHz. 1: 120kHz
The implication of this decision is that a UE can receive the SS/PBCH with one subcarrier spacing while receiving the RMSI and Msg. 2/4 for initial access with a different subcarrier spacing. Another note is that 60 kHz spacing is not used for the RMSI.
Observation 1: RAN1 allows switching between multiple subcarrier spacings for SS/PBCH block and RMSI.
Extending observation 1 leads to the following observation for UEs.
Observation 2: A UE that supports switching is capable of supporting multiple subcarrier spacings.
Although switching subcarrier spacings for SS/PBCH and RMSI seems complicated for initial access, there is a benefit of switching. For example, a UE can obtain better timing and measurements using the 15 kHz spacing (longer OS) while the network can minimize the overhead of RMSI, other system information (OSI), and RACH with smaller OS.
Another benefit is LTE / NR cell detection. Although the timing and patterns of the SSS/PSS are different between LTE and NR, having the NR SSS/PSS operate with 30 kHz spacing can simplify system identification for UEs initially. Afterwards, the RMSI can use 15 kHz spacing.
Bandwidth Parts (BWPs)
RAN1 uses the notation “active BWP” to indicate the set of parameters associated with a bandwidth part that a UE must use when receiving DL signals and when transmitting UL signals. These parameters include the subcarrier spacing. 
With a recent decision (presented in introduction), RAN1 defined the “initial active DL BWP” based on the numerology of the RMSI. After a UE completes initial access, it receives configurations for up to four DL BWPs and four UL BWPs. When there is a different subcarrier spacing among the BWP configurations, there is a change in numerology (mixed numerology).
The UE implements an inherent switch from the initial active BWP to the configured DL (UL) BWP. Due to the decisions in [3], a UE has only one active BWP at a time for Rel. 15. 
Hence, because only one active BWP at a time is allowed for a Rel.15 UE, when a BWP is switched, changing subcarrier spacing can occur. There is no increase in RF complexity since subcarrier spacing is a baseband operation.
Also, a Rel.15 UE is expected to support 60 kHz subcarrier spacing. However, the only route to use 60 kHz spacing is to first receive the RMSI at either 15 or 30 kHz spacing and then switch active BWPs to use the 60 kHz numerology. This is needed for RAN4 to test 60 kHz subcarrier spacing.
Proposal: Since a UE must support changing subcarrier spacing during initial access, a UE shall support mixed numerologies when switching between active BWPs.
It is possible some companies may propose defer supporting mixed numerologies in Rel-15. However, such a proposal would not make sense because a UE needs to support both 15 kHz and 30 kHz subcarrier spacings between the SS/PBCH block and RMSI. Consequently, supporting mixed numerologies (in time) is justified.
In addition, some companies may propose operating with one numerology in Rel-15, either 15 kHz or 30 kHz. This proposal would exclude operating at 60 kHz subcarrier spacing.
Conclusions
This contribution examined whether a UE should support mixed numerologies from a RAN4 perspective. Some observations are
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: RAN1 allows switching between multiple subcarrier spacings for SS/PBCH block and RMSI.
Observation 2: A UE that supports switching is capable of supporting multiple subcarrier spacings.
The conclusion is:
Proposal: Since a UE must support changing subcarrier spacing during initial access, a UE shall support mixed numerologies when switching between active BWPs.

References
[bookmark: _Ref497729980]R1-1719226, “Physical layer procedures for control”, TS38.213, V1.1.1, Nov. 2017.
[bookmark: _Ref497832848]“Chairman’s notes RAN1 90bis final – updated with email approvals”, Nov. 2017.
[bookmark: _Ref497834719]R1-1715354, “Reply LS on BWP operation in NR”, Samsung, RAN1#NR3, Sept. 18-21, 2017.
[bookmark: _Ref497835375]R4-1711729, “TP for TR 38.817-01 mixed numerology FDM requirements”, Huawei, HiSilicon, RAN4#84bis, Oct. 9-13, 2017.
[bookmark: _Ref497914616]R4-1708864, “LS on Mixed numerologies FDM operation”, RAN4, RAN4#84, Aug. 21-25, 2017
[bookmark: _Ref497836064]R4-1702029, “[Draft] Reply LS on UE RF Bandwidth Adaptation in NR”, MediaTek, RAN4#82, Feb. 13-17, 2017.
[bookmark: _Ref497911136]R4-1702019, “[Draft] Reply LS on subcarrier spacing and carrier frequencies”, RAN4, RAN4#82, Feb. 13-17, 2017.
[bookmark: _Ref498412710]R1-1719380, “Remaining issues on bandwidth part”, Huawei, HiSilicon, RAN1#91, Nov. 27-Dec. 1, 2017.

