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Scope of 5G NR Phase 1
Introduction
The WID on 5G NR Phase 1 is due for approval in this meeting RAN#75. This document provides MediaTek’s view on the expected scope of NR Phase 1, from RAN1 and RAN2 standpoints, on the structure of the NR Phase 1 normative WID and expected handling of Phase 2 work.
RAN1
	Item
	Description
	Standalone/Anchor NR specific

	Numerology
	· Sub6
· 15kHz subcarrier spacing (5, 10, 20, 25, 50MHz UE BW)
· 30kHz subcarrier spacing (10, 20, 40, 50, 100MHz UE BW)
· 60kHz subcarrier spacing (20, 40, 80, 100, 200MHz UE BW)
· Super6	
· 60kHz subcarrier spacing (20, 40, 80, 100, 200MHz UE BW)
· 120kHz subcarrier spacing (40, 80, 160, 200, 400MHz UE BW)
· 240kHz subcarrier spacing (80, 160, 320, 400, 800MHz UE BW)
	No

	Frame structure
	· Forward compatibility with dynamic TDD: 4 slot types (DL-only, UL-only, DL-major, UL-major)
· Slot aggregation with multi-slot scheduling
· Basic scheduling unit for eMBB
· Slot & mini-slot for sub6
· Slot & mini-slot for super6
· Mini-slot
· Fixed starting location & no crossing slot boundary
· 2 or 3 OFDM symbols for sub6 (URLLC case)
· 1 OFDM symbol for super6 (eMBB small packet case)
· Flexible timing relationship
· No self-contained operation for Rel-15
· Same/cross-slot scheduling
· Forward compatibility for eMBB+URLLC radio resource multiplexing
· DL: semi-static multiplexing
· UL: semi-static multiplexing
	No

	Wider bandwidth
	· Single-carrier operation
· UE RF bandwidth adaptation for DL, UL & measurements
· Maximal FFT size: 4096
· Multiple-carrier operation
· LTE-NR dual connectivity; no intra-NR dual connectivity
· NR inter-band carrier aggregation; no NR intra-band carrier aggregation
· Maximal carrier number within NR: 16
	Yes

	Multi-antenna
	· Beam management
· Measurement & reporting for efficient DL/UL beam management
· Beam indication for DL/UL data reception/transmission, considering beamforming
· UE-initiated beam recovery for beam failure
· Robust connection for DL control and data channel, considering beamforming
· Overhead reduction for UL beam training
· CSI feedback especially for MU-MIMO 
· CSI acquisition & interference management through reciprocity-based operations
· Open-loop & semi-open-loop transmission schemes
	No

	Reference signal design
	· Up to 12-port DMRS
· Up to 32-port CSI-RS 
· Reference signal for time/frequency synchronization tracking
· PUSCH/PDSCH DMRS design which facilitates advanced receivers for cross-link interference cancellation/conventional interference cancellation (advanced receivers themselves can be deferred to phase II or later)
	No

	Initial access (NR Anchor only i.e. SA NR or NSA eLTE)
	· Numerology for initial access
· Sub6: 15kHz subcarrier spacing
· Super6: 120kHz subcarrier spacing
· “Narrowband” anchor-based initial access procedure for eMBB/URLLC
· SS block transmission with new SS design with 20ms periodicity
· “Narrowband” anchor-based DL RRM measurements on mobility RS with 5/10/20/40ms periodicity
· Synchronization signal design, RACH signal design considering performance and complexity trade-off
	No

	Channel coding
	· Coding chain design for UL/DL data channel with LDPC code
· Coding chain design for UL/DL control channel and NR-PBCH with Polar code
	No

	HARQ
	· Multiple HARQ processes (FFS maximal number of HARQ processes)
· Adaptive and asynchronous HARQ (no PHICH-like channel)
· Multi-bit HARQ feedback for a single transport block
	No

	Waveform
	· DL: OFDM
· UL: OFDM + DFT-S-OFDM
	No

	Modulation
	· OFDM:QPSK~256QAM (no 1024QAM)
· DFT-S-OFDM: QPSK, π/2-BPSK, low PAPR QPSK based modulation.
	No

	DL/UL Control
	· Group common DL control (indicating at least slot-type/configuration)
· 2-stage DCI as enhancements to 1-stage DCI
· DCI aggregation
· Long-duration & short-duration NR-PUCCH
	No

	URLLC
	· Low priority but keep forward compatibility
	No



RAN2
	User Plane

	Item
	Description
	Standalone/Anchor NR specific

	MAC, RLC, PDCP

	Support necessary functions for
· High throughput for eMBB
· pre-emption and duplication for URLLC
· RLC TM/UM/AM
· Header compression (PDCP)
· UP security terminated at PDCP
· Centralized or distributed RAN (“CU/DU split”)
Preferred to deprioritize NR-NR Dual Connectivity and intra-NR CA
· Forward compatibility: one MAC entity for multiple numerologies 
preferred to restrict to a single numerology per UE in Rel-15
	No

	New AS sublayer 
	· Full QoS support in L2 (QoS flow / DRB mapping)

	No

	NR-LTE tight interworking
	SA NR Scenario (or NSA with NR Anchor)
· Support MCG bearer, split bearer, SCG bearer, and split SCG bearer 
· Support direct SRB and split SRB
	Yes

	Others: DRX, HARQ
	· Per UE DRX, no per service DRX (most stringent DRX used)
· Asynchronous HARQ
	No

	Others:
	· 4-msg random access procedure supporting DL and UL beam-forming
· Enhancement on TCP ACK prioritization
	Yes



	Control Plane

	Item
	Description
	Standalone/Anchor NR specific

	System Information

	· On-demand unicast SI
· Area-specific SI instead of cell-specific SI
	No

	Access Control
	· Unified access control
	No

	UE capability
	· 
· Temporary UE capability change at RAN
	No

	LTE-NR Mobility
	Sub6
· Full mobility support
· [bookmark: _GoBack]Inter RAT LTE-NR handover through CN or via Xn – Hard HO / Make-before-break HO
	Yes

	
	Super6
· Idle mode mobility supported (UE autonomous)
· Inter-RAT LTE-NR seamless handover through multi-connectivity “soft HO”
Preferred to deprioritize HO in connected mode
	Yes

	RRC Security
	Ciphering and integrity protection @ PDCP
	No

	RRC Paging
	Basic
	Yes

	RRC Inactive
	Preferred to delay Data transmission without state transition until mMTC use case is considered
	Yes

	Other
	Preferred to deprioritize eLTE
	N/A



	Mobility with beam-forming

	Item
	Description
	Standalone/Anchor NR specific

	Connected mode mobility with beam-forming
	· Cell evaluation based on aggregated beam measurement based on best N beam
· “0”ms interruption for UE supporting simultaneous TX/RX with source and target cells
· Almost “0”ms interruption for UE supporting single TX/RX 
	No

	RLM/RLF
	· Support L1/2/3 recovery with cell with multiple beams
	No

	Idle mode mobility with beam-forming
	Cell evaluation based on multiple beams 
	No



5G NR Phase 1 WID
Proposal 1: NR Phase 1 WID should be structured such as to clearly identify work within the responsibility of RAN WGs individually, and should identify key technical aspects, e.g. using the classification in the above tables (details need not be added unless a clear consensus already exists). 
5GC Connectivity
Besides the necessary work in RAN1 and RAN2 to support the definition of 5G-NR in both standalone and non-standalone configurations, work is also necessary in RAN2 and RAN3 to support connectivity to the 5G Core in Phase 1 (N2 and N3 interfaces) by RAN3 and RAN2 in close coordination with SA2 and CT groups.
Proposal 2: 5G Core connectivity shall be defined within Phase 1 (N2 and N3 interfaces) by RAN3 and RAN2, in close coordination with SA2 and CT groups.
NR Phase 2 considerations
RAN#74 decided individual studies should be defined as opposed to having an overall NR Phase 2 study – MediaTek fully supported (and supports) this decision. However, with the foundations of NR being laid down by working groups, it is our view that starting any NR Phase 2 studies in Q2 is premature – though initial discussions may of course take place. It is especially important that a stable NR Phase 1 baseline be available and confirmed prior embarking into additional work using this baseline.
Furthermore we would like to stress that the scope and objectives of NR Phase 1 to be decided at this meeting (RAN#75) shall be final for Rel-15 i.e. once approved they may no longer be expanded, though they could be reduced during the course of the work. This is especially important taking into account the overall timeline of NR Phase 1.
Proposal 3: No new NR Phase 2 studies should be started at RAN#75. Ongoing work under study in RAN1/RAN2 may continue.
Proposal 4: ITU-R IMT2020 requirements and regulatory requirements should serve as primary defining points to scope Phase 2.
Proposal 5: The scope and objectives of NR Phase 1 to be decided at this meeting (RAN#75) shall be final for Rel-15 i.e. once approved they may no longer be expanded, but could be reduced during the course of the work.

Conclusions
Proposal 1: NR Phase 1 WID should be structured such as to clearly identify work within the responsibility of RAN WGs individually, and should identify key technical aspects, using e.g. the classification indicated in this contribution (specific details should be omitted unless otherwise deemed necessary).
Proposal 2: 5G Core connectivity shall be defined within Phase 1 (access-independent N2/N3 interfaces) by RAN3 and RAN2, in close coordination with SA2 and CT groups.
Proposal 3: No new NR Phase 2 studies should be started at RAN#75. Ongoing work under study in RAN1/RAN2 may continue.
Proposal 4: ITU-R requirements and regulatory requirements should serve as primary defining points to scope Phase 2.
Proposal 4: The scope and objectives of NR Phase 1 to be decided at this meeting (RAN#75) shall be final for Rel-15 i.e. once approved they may no longer be expanded, but could be reduced during the course of the work.
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