Page 1
[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #94																R1-1808699
Gothenburg, Sweden, August 20th – 24th, 2018

Source:	Intel Corporation
Title:	Enhancements of NR and LTE Uu Link to Control NR Sidelink
Agenda item:	7.2.4.3.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
At the RAN#80 meeting, the study item on NR V2X was approved [1]. Study of technical solutions for Uu-based sidelink resource allocation/configuration is one of the study item objectives:
	NR V2X SI Objective #3
Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 
· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network 


In this contribution, we analyze enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network, while our views on other NR-V2X design aspects are summarized in our companion contributions [2]-[10].

LTE Uu Enhancements to Control NR Sidelink
LTE Uu for NR Sidelink Synchronization
One of the enhancements that can be useful for NR sidelink is to enable E-UTRA eNBs to serve as a reference sources for NR sidelink synchronization. This enhancement can increase amount of synchronization sources that can be used for sidelink synchronization, as well as motivate the use of common synchronization framework/references for LTE and NR sidelink operation that can be beneficial for multiple purposes including coexistence between technologies. Note that when eNB and gNB are configured as a synchronization sources the synchronized networks are assumed.


Figure 1: LTE Uu for NR PC5 synchronization

 
eNBs (LTE Uu) can serve as a synchronization sources for NR sidelink synchronization

LTE Uu for NR Sidelink Resource Configuration
Another straightforward enhancement of LTE Uu RAT is broadcasting of system information for configuration on NR sidelink resources. For this purpose, the additional signaling can be introduced or more information can be added to existing SIB21 to carry NR sidelink resource configuration and relevant NR resource allocation information.


Figure 2: LTE Uu for configuration / semi-static control of NR PC5


 eNBs (LTE Uu) can provide semi-static (e.g. SIB/RRC) signaling for configuration/control of NR sidelink resources

LTE Uu for NR Sidelink Scheduling
Another potential way how to enhance LTE Uu is to introduce support for dynamic scheduling of NR sidelink transmissions. However, this framework is not as straightforward given that LTE Uu and NR PC5 technologies may have different numerologies. In addition, the benefits of enabling such a tight interaction between two technologies (LTE Uu and NR PC5) are not obvious and at the same time has many technical challenges which resolution is likely to consume a lot of standardization efforts. Therefore, we think further discussion is needed on it benefits.

  
  Further discuss the need/benefits for LTE Uu to support scheduling of NR sidelink transmissions 

Potential NR Uu Enhancements to Control NR Sidelink
The control over NR Uu of NR sidelink transmissions is a quite natural combination to enable centralized management of sidelink resources. There are several enhancements that can be introduced to NR Uu for NR sidelink control:
gNB-controlled resource allocation
Resource sharing in gNB-controlled and UE-autonomous modes 
Uu-based mechanisms for sidelink resource reservation/pre-emption
Uu-based UE reporting / requests for sidelink control
Switching b/w sidelink resource allocation modes
Uu-based mechanisms for sidelink power or congestion control 
In general, many of LTE Uu design principles to control LTE sidelink transmissions can be reused for NR Uu.

gNB-Controlled Resource Allocation
The first enhancement that can be introduced to NR Uu technology is the integration of gNB-controlled resource allocation mode for dynamic or semi-persistent scheduling of sidelink transmissions. The major principles of LTE-V2X design can be reused for NR V2X (e.g. gNB transmits DCI grant that schedules dynamic or semi-persistent UE PC5 transmission on sidelink). In order to enable it, the new DCI format for scheduling sidelink transmissions can be introduced on NR Uu, so that gNB can provide sidelink resources for control and/or shared channel(s).

 
Enable gNB-controlled resource allocation mode for NR sidelink communication 

Resource Sharing in gNB-Controlled and UE-Autonomous Modes
Sharing of sidelink resources in gNB-controlled and UE-autonomous resource allocation modes is one of the practical issues due to fundamentally different approaches used for sidelink resource allocation. The seamless coexistence between these two modes was one of the opens for LTE V2X communication that was addressed at some extent in LTE R15. The main problem here is that gNB is not aware about sidelink radio-environment and actual resources occupied by UEs operating in UE-autonomous mode. Lack of this information results in non-optimal scheduling decision for gNB controlled sidelink resource allocation. The following potential solutions can be further studied to address this problem:
Different SL channel access opportunities and granularities for gNB-controlled and UE-autonomous modes
· Configuration of different channel access occasions and resource allocation granularities for UEs operating in different modes is one of the approaches to seamlessly coexist in the same spectrum. This approach can simplify detection of collisions w/o differentiating resource allocation modes, e.g. when small scale sensing procedure is applied [5]. This mechanism can be implemented through configuration of common channel access grid (control channel monitoring occasions) and by applying restrictions on channel access occasions for UEs operating in UE-autonomous resource allocation mode (see Figure 3). Another approach is to configure different pools for PSCCH, so that reception pool is a superset of two PSCCH transmission pools one used by UE in autonomous resource allocation mode and another one used by UEs in gNB-controlled mode.


[bookmark: _Ref521236685]Figure 3: Channel access granularity / occasion control for UE-autonomous resource allocation mode
Pre-transmission sensing by gNB-controlled UEs (e.g. LBT like, small scale sensing)
· gNB may schedule resources for sidelink transmission and request UE to perform pre-transmission (small scale) procedure to detect whether  allocated resource is congested/occupied or not. In this case, it is also possible to control minimum channel access granularity in time/frequency and channel access occasions for UEs in autonomous mode, so that gNB-controlled UEs can detect potential collision if pre-transmission sensing is applied. In order to acknowledge sidelink transmission, UE may report NACK/ACK-like signaling, indicating whether sidelink TX is occurred or not subject to pre-transmission sensing results.


Figure 4: Pre-transmission sensing for gNB-controlled resource allocation mode
Broadcasting information on gNB-sidelink scheduling allocation
· gNB sidelink scheduling information is delivered to target sidelink TX UEs in the form of sidelink grant. The same information can be additionally broadcasted over Uu using group common DCI to indicate which resources are occupied by gNB-controlled sidelink transmissions. The group-common DCI may be associated with a specific geographical area, so that UEs from this area utilize this information in resource selection procedure. For instance, all UEs operating in UE-autonomous mode may receive Uu sidelink scheduling information and exclude sidelink resources indicated over Uu link from candidate set for sidelink resource selection. In some sense, this mechanism is very similar to resource exclusion based on decoding of received SCI.


Figure 5: Broadcasting of information on gNB-controlled scheduled transmissions

 
 Consider possibility of seamless resource sharing b/w gNB-controlled and UE-autonomous resource allocation modes in the design of corresponding solutions

Uu-Based Mechanisms for Sidelink Resource Reservation
In UE-autonomous resource allocation, UE picks sidelink transmission resources following procedure for resource selection. For some of eV2X use cases, it may be useful to enable Uu signaling mechanism to preempt or reserve sidelink resources for a certain period of time in a given geographical area which is controlled by gNB. There may be different design options, how the Uu mechanism for sidelink resource reservation can be implemented 
gNB may dynamically or semi-statically preempt (indicate interrupted sidelink transmission) or reserve sidelink resources in allocated resource pools configured for UE-autonomous resource allocation mode)
UEs may request gNB to reserve sidelink resources in order to improve reliability of sidelink communication for its own transmission
gNB may also instruct UE to transmit sidelink grant (i.e. schedule PSCCH) for the purpose of sidelink resource reservation. This transmission may precede subsequent sidelink data allocation and can be delivered through a dedicated pool for sidelink control channel resources.
In order to implement Uu based sidelink resource reservation or preemption mechanisms, UEs may need to monitor predefined control channel occasions on Uu link and decode group common DCIs that may be associated with specific geographical areas, so that geo-casting principle is applied for reservation or preemption of sidelink resources over Uu mechanisms.

 
Study Uu-based mechanisms for sidelink resource reservation and preemption
Uu-based UE reporting and requests for sidelink control

UE Measurements
Location
The UE location information was used in LTE V2X to assist scheduling of sidelink transmissions by eNB. This principle can be reused for NR-V2X. Therefore, NR V2X UE need to keep track and measure its location for the purpose of sidelink radio-resource management over Uu interface.
Radio-layer Measurements
Sidelink physical layer measurements are also critical to assists gNB scheduling decisions and resource allocation for sidelink transmissions. The indication of channel busy ratio (CBR), more detailed reporting on occupied or available candidate sidelink resources can assist gNB to make more accurate decisions on sidelink scheduling. The specific measurement that should be conducted by UE and can be reported to gNB may be discussed at a later stage once further progress is made on sidelink physical structure and resource allocation.
UE Reporting
Reporting of Location Information
In gNB controlled mode, gNB utilizes UE location information to perform sidelink transmission scheduling. This principle can be reused but time scale of reporting may need to be reduced considering low latency eV2X applications. In order to reduce latency, the physical layer reporting mechanisms can be evaluated (e.g. PUCCH or multiplexing with PUSCH). For L1 reporting mechanisms, it is important to keep small overhead and report payload. In order to achieve that, UE may simply report whether it is located inside of the certain geographical zone through indication of zone ID.
Reporting of Sidelink Radio-Layer Measurements 
For UE reporting of sidelink physical layer measurements, the existing signaling mechanisms can be sufficient. 
UE Requests for Sidelink Radio Resource Management
In eV2X scenarios, it may be desirable to have mechanism when UE can request gNB to assist in sidelink radio-resource management, so that gNB can utilize Uu signaling for pre-emption or reservation of sidelink resources. This requests may be expected from UEs in case of high priority traffic with high target reliability requirements, especially in the cases when sidelink radio-environment is congested.

 
Study enhancements in UE measurements and reporting to facilitate NR Uu based management of sidelink radio-resources

Switching b/w Resource Allocation Modes
Another mechanism for sidelink control is to enable Uu signalling (dynamic or semi-static) for UE switching between gNB-controlled to UE-autonomous resource allocation modes and vice versa. There may be various situations/conditions when such signalling can be beneficial. The priority and reliability of sidelink transmission is one of the considerations. Another consideration is the loading on Uu link, so that gNB may prioritize other Uu transmissions rather than sidelink scheduling at least until Uu loading is stabilized.

 
Study benefits of Uu-based switching b/w gNB-controlled and UE-autonomous sidelink resource allocation modes

Uu-based Mechanisms for Sidelink Power or Congestion Control
Finally, gNB Uu interface can be enhanced to enable control of sidelink transmission power or take a role in a sidelink congestion control. The sidelink power control can be beneficial for unicast communication or for coexistence purposes considering operation in licensed spectrum with Uu UL or coexistence with other technologies operating in adjacent channels or sharing the same channel. 
NR Uu air-interface can also play the role in sidelink congestion control, especially in case of gNB-controlled resource allocation mode, where gNB can collect sidelink congestion statistics from different geographical areas and assign resource taking into account congestion level in each area.

Conclusions
In this contribution, we have analyzed enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network. In summary, we think that limited LTE Uu enhancements can be useful for NR sidelink. In particular, sidelink synchronization and mechanisms of semi-static configuration and reconfiguration of sidelink resources can be beneficial. For NR Uu control of NR sidelink, the additional enhancements can be introduced to enable gNB-controlled resource allocation mode, Uu-based mechanisms for sidelink resource reservation as well as enhancements to facilitate resource sharing between gNB-controlled and UE-autonomous resource allocation modes.

Proposal 1: 
eNBs (LTE Uu) can serve as a synchronization sources for NR sidelink synchronization
Proposal 2: 
 eNBs (LTE Uu) can provide semi-static (e.g. SIB/RRC) signaling for configuration/control of NR sidelink resources
Proposal 3: 
  Further discuss the need/benefits for LTE Uu to support scheduling of NR sidelink transmissions 
Proposal 4: 
Enable gNB-controlled resource allocation mode for NR sidelink communication 
Proposal 5: 
 Consider possibility of seamless resource sharing b/w gNB-controlled and UE-autonomous resource allocation modes in the design of corresponding solutions
Proposal 6: 
Study Uu-based mechanisms for sidelink resource reservation and preemption
Uu-based UE reporting and requests for sidelink control
Proposal 7: 
· Study enhancements in UE measurements and reporting to facilitate NR Uu based management of sidelink radio-resources
Proposal 8: 
Study benefits of Uu-based switching b/w gNB-controlled and UE-autonomous sidelink resource allocation modes
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