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1 Introduction

During RAN1/RAN2 discussions, a special uplink carrier, called supplementary uplink (SUL), is introduced. With SUL, the UL can be configured with 2ULs for one DL of the same cell. The intention of SUL is to improve the UL coverage for high frequency scenarios. In this contribution, we will address the SUL information over X2/Xn/F1. 
2 Discussion 
In agreed TS38.300 [1], the descriptions on SUL can be found as follows:

	6.9
Supplementary Uplink

In case of Supplementary Uplink (SUL, see 3GPP TS 38.101 [18]), the UE is configured with 2 ULs for one DL of the same cell, and uplink transmissions on those two ULs are controlled by the network to avoid overlapping PUSCH transmissions in time. In addition, initial access is supported in each of the uplink (see subclause 9.2.6). An example of SUL is given in Annex B.
B.1
Supplementary Uplink

To improve UL coverage for high frequency scenarios, SUL can be configured (see 3GPP TS 38.101 [18]). With SUL, the UE is configured with 2 ULs for one DL of the same cell as depicted on Figure B.1-1 below:
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Figure B.1-1: Example of Supplementary Uplink


On the other hand, in TS38.331, the SUL information is transmitted over SIB1 as follows:
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—— ASN1START«
—— TAG-SIB1-START«
w

SIBL :: SEQUENCE {«
u

-- FFS / TODO: Add other parameters. «

-- Time domain positions of the transmitted SS-blocks in an Ss-Burst-Set (see 38.213, section 4.1)e¢

ssb-PositionsInBurst SEQUENCE {«

-- Indicates the presence of the up to 8 SSBs in one groupe

inOneGroup BIT STRING (SIZE (8)),«

-- For above 6 GHz: indicates which groups of SSBs is presente

groupPresence BIT STRING (SIZE (8)) OPTIONAL, -- Cond above6GHzOnlyw
Yoo

—— The SSB periodicity in msec for the rate matching purpose (see 38.211, section [7.4.3.11)«
ssb-periodicityServingCell ENUMERATED { ms5, msl0, ms20, ms40, ms80, msl60, sparel, spare2 },«

—— TX power that the NW used for SSB transmission. The UE uses it to estimate the RA preamble TX power.
—— (see 38.213, section 7.4)«

s55-PBCH-BlockPower INTEGER (-60..50),¢

frequencyInfoUL FrequencyInfoUL OPTIONAL —- Cond FDD«

-- FFS: How to indicate the FrequencyInfoUL for the SUL«

®

OPTIONAL, —- Cond SULe







Observation 1: A cell may be composed of 2ULs and 1 DL.

On the other hand, RAN1 had the following agreements for SUL in RAN1#89 meeting 

	· Specify mechanisms for supporting supplementary Uplink frequency 
· Note: SUL herein refers to the case when there is only UL resource for a carrier from NR perspective
· Use SUL as complimentary access link (including from random access point of view) to NR TDD and to NR FDD, where the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency. 
· Note: The SUL frequency can be a frequency shared with LTE UL(at least for the case when NR spectrum is below 6 Ghz).
· Minimize impact to NR physical layer design to enable this co-existence
· Note: whether or not UE has to support simultaneous transmission on uplink frequencies is a separate discussion


It means that SUL can be applied for both NR TDD and NR FDD.
Observation 2: both NR TDD cell and NR FDD cell may have SUL. 

In current specifications, the DL/UL carrier frequency and bandwidth are indicated over X2/Xn/F1 as the part of served cell information. Following this principle, the SUL carrier frequency and bandwidth should be indicated over X2/Xn/F1 interface.   
With SUL information over X2/Xn/F1 interface, the following possible benefits can be provided:

1. Facilitate the load balancing
In LTE, the intention of including UL bandwidth in served cell information is to help the load balancing measurement [2]. Although load balancing for NR is not extensively discussed, we can foresee the necessity of load balancing in NR. Thus, with the knowledge of SUL information can help the load balancing. 
2. Facilitate the target cell selection in handover and dual connectivity

According to RAN1/RAN2 discussions, the SUL can be used when the DL signal strength is not good enough. With this scheme, when selecting the target cell during handover case or DC case,  the serving base station can select a cell with SUL as the target cell since such cell can provide more UL resource that the cell without SUL.  
Proposal: the SUL carrier frequency and bandwidth information should be provided in the served cell information.
3 Conclusions
In this contribution, we discuss SUL information over X2/Xn/F1, and we have the following observations and proposal:
Observation 1: A serving cell may be composed of 2ULs and 1 DL.
Observation 2: both NR TDD cell and NR FDD cell may have SUL.

Proposal: the SUL carrier frequency and bandwidth information should be provided in the served cell information.
To reflect the above proposal, the TPs for X2/Xn/F1 are provided in [3][4], respectively.  
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3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

ABS
Almost Blank Subframe

BBF
Broadband Forum

BL
Bandwidth reduced Low complexity
CCO
Cell Change Order

CE
Coverage Enhancement
CoMP
Coordinated Multi Point

DC
Dual Connectivity

DL
Downlink

EARFCN
E-UTRA Absolute Radio Frequency Channel Number

E-CID
Enhanced Cell-ID (positioning method)

eNB
E-UTRAN NodeB

EN-DC
E-UTRA-NR Dual Connectivity
EP
Elementary Procedure

EPC
Evolved Packet Core

E-RAB
E-UTRAN Radio Access Bearer

E-UTRAN
Evolved UTRAN

GNSS
Global Navigation Satellite System

GUMMEI
Globally Unique MME Identifier

HFN
Hyper Frame Number

IE
Information Element

L-GW
Local GateWay
LWA
LTE-WLAN Aggregation
MCG
Master Cell Group

MDT
Minimization of Drive Tests

MeNB
Master eNB

MME
Mobility Management Entity

NAICS
Network-Assisted Interference Cancellation and Suppression
NR
New Radio
PDCP
Packet Data Convergence Protocol

PLMN
Public Land Mobile Network

ProSe
Proximity Service
QMC
QoE Measurement Collection

QoE
Quality of Experience
SCG
Secondary Cell Group

S-GW
Serving Gateway

SeNB
Secondary eNB

SgNB
Secondary gNB
SIPTO
Selected IP Traffic Offload

SIPTO@LN
Selected IP Traffic Offload at the Local Network

SN
Sequence Number
SUL                     Supplementary Uplink
TAC
Tracking Area Code

UE
User Equipment

UL
Uplink

V2X
Vehicle-to-Everything
WLAN
Wireless Local Area Network
WT
WLAN Termination 
---------------------------- End of 1st TP ---------------------------
---------------------------- Start of 2nd TP ---------------------------
9.2.110
 Served NR Cell Information
This IE contains cell configuration information of an NR cell that a neighbour eNB may need for the X2 AP interface.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	NR-PCI
	M
	
	INTEGER (0..1007, …)
	NR Physical Cell ID
	–
	–

	Cell ID
	M
	
	NR CGI 9.2.111
	
	–
	–

	TAC
	M
	
	OCTET STRING(2)
	Tracking Area Code
	–
	–

	Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs
	–
	–

	>PLMN Identity
	M
	
	9.2.4
	
	–
	–

	CHOICE NR-Mode-Info
	M
	
	
	
	–
	–

	>FDD
	
	
	
	
	
	

	>>FDD Info
	
	1
	
	
	–
	–

	>>>UL ARFCN
	M
	
	NR ARFCN

9.2.106
	
	–
	–

	>>>SUL ARFCN
	C-ifSUL
	
	NR ARFCN

9.2.106
	
	
	

	>>>DL ARFCN
	M
	
	NR ARFCN

9.2.106
	
	–
	–

	>>>UL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.114
	This IE may be refined.
	–
	–

	>>>SUL Transmission Bandwidth
	C-ifSUL
	
	NR Transmission Bandwidth

9.2.114
	
	
	

	>>>DL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.114
	This IE may be refined.
	–
	–

	>TDD
	
	
	
	
	
	

	>>TDD Info
	
	1
	
	
	–
	–

	>>>ARFCN
	M
	
	NR ARFCN

9.2.106
	
	–
	–

	>>>SUL ARFCN
	C-ifSUL
	
	NR ARFCN

9.2.106
	
	
	

	>>> Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.114
	This IE may be refined.
	–
	–

	>>>SUL Transmission Bandwidth
	C-ifSUL
	
	NR Transmission Bandwidth

9.2.114
	
	
	


	Range bound
	Explanation

	maxnoofBPLMNs
	Maximum no. of broadcast PLMN Ids. Value is 6.


	Condition
	Explanation

	ifSUL
	This IE shall be present if SUL is supported.


---------------------------- End of 2nd TP ---------------------------
---------------------------- Start of 3rd TP ---------------------------
3.1.1 9.2.114
NR Transmission Bandwidth

The NR Transmission Bandwidth IE is used to indicate the UL or SUL or DL transmission bandwidth. 

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	NR Transmission Bandwidth
	M
	
	INTEGER (0..65535)
	This IE may be refined.


---------------------------- End of 3rd TP ---------------------------
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