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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
LTE Uu control of NR SL was discussed at RAN1#94bis and the following agreements were achieved:
Agreements:
It is supported that LTE Uu provides at least necessary semi-static configuration for NR mode-2 SL communications
FFS details
Further study impact and benefits of LTE Uu managing NR mode-1 SL communications
Agreements:
It is supported that NR Uu provides necessary semi-static configuration for mode-4 LTE SL communications
From RAN1 perspective, signalling should be similar to LTE in terms of UE-specific or cell-specific
Signalling details up to RAN2
Further study feasibility, benefits (others than ones already identified for LTE) and impact of NR Uu managing LTE mode-3 SL communications. 

A somewhat similar topic: NR Uu control of LTE mode-3 SL was discussed at RAN1#95 meeting and it was agreed to continue evaluating it considering at least what will be required on the UE side, the DCI design, and the scenarios where it is beneficial. The follow-up discussion and evaluation is provided in a companion contribution [1].
In this contribution, we evaluate LTE Uu scheduling NR mode-1 SL communications and focus on identifying the necessary enhancements of LTE Uu to control NR SL to address the following objective listed in the SID [2]:
1. Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network

[bookmark: _Ref129681832]Discussion on LTE Uu managing NR mode-1 SL
Scenarios
Scenarios where supporting LTE Uu managing NR mode-1 SL is beneficial at least include:
· When the UE using the NR SL is close to a UE using LTE (SL, or Uu in licensed band case) in the same carrier, as illustrated in Figure 1. The eNB schedules NR mode-1 SL communication, and can manage interference and improve the resource utilization. 
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[bookmark: _Ref531939892]Fig. 1: UE using NR SL is close to a UE using LTE SL.


· When the UE moves out of NR Uu coverage but into LTE Uu coverage as illustrated in Figure 2. Especially for early deployments of NR, it is likely that the LTE coverage will be much larger than that of NR given the existing footprint of LTE. In such a case, it makes sense to use the centralized eNB to better manage interference on the NR SL. 
[image: ]
[bookmark: _Ref531939930]Fig. 2: UE moves out of NR Uu but into LTE Uu coverage

NR SL design
Progress of NR SL design so far includes, for instance, NR SL supports unicast, groupcast, and broadcast. HARQ-ACK feedback is supported for unicast and groupcast. Numerology for SL is {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2. PSCCH conveys layer-1 destination ID and addition layer-1 ID(s) for facilitating HARQ combining for unicast/groupcast. SA and data for NR SL supports at least ‘option 3’ multiplexing. Resource pools for NR SL are supported and SL BWP is defined. PSFCH is defined to convey SL feedback information for unicast and groupcast. 
The NR SL design is substantially different from LTE. For instance, LTE Uu uses a fixed 15 kHz subcarrier spacing but NR SL supports several SCSs. The timing from DCI reception to SL transmission is fixed to be not less than four subframes in LTE but NR Uu supports flexible timing by indicating the timing for PDSCH/PUSCH in the DCI and we expect similar would be supported for indicating the timing in DCI for SL as well. LTE SL supports only broadcast in physical layer but NR SL supports unicast/groupcast additionally and the corresponding HARQ-ACK feedback. 
Necessary enhancement to LTE Uu to control NR SL
Given the above mentioned different design between LTE and NR SL, two possible directions could be considered to easily enable LTE Uu to manage NR mode-1 SL:
1. Modify LTE Uu to enable NR mode-1 SL coverage, including necessary RRC configurations for NR mode-1 SL and a new LTE DCI format (e.g., DCI 5B).
· RRC configuration for NR mode-1 SL is designed to configure, e.g.:
· BWP/resource pool (associated to a SCS) for SL
· Configured grants for mode-1 SL
· DCI 5B can be designed to accommodate, e.g.:
· Multiple SCSs of NR SL
· Flexible timing for SL transmission 
2. Use a simplified pre-defined configuration for NR mode-1 SL. For instance:  
· Only 15 kHz numerology is used. 
· Only a fixed timing of not less than 4 slots (duration of the slot depends on numerology)
· Physical-layer broadcast/unicast/groupcast could be supported, and SL HARQ-ACK feedback could be disabled. 
In the remainder of this contribution, we discuss which direction is preferable for each of the issues to address (numerology, timing, support of unicast, etc.)
BWP/resource pool and numerology for NR SL
BWP and resource pools are defined for NR SL, and if NR mode-1 SL supports type 1 configured grants, the BWP/resource pools and the configured grants can be defined in LTE RRC configurations. 
With direction 1 by indicating SCS for NR SL, there is flexibility of NR SL transmission even though UE is in the control of LTE Uu. In NR Uu, BWP is defined to be associated with a numerology. When NR mode-1 SL works in LTE Uu, SCS can still be associated with BWP configuration. 
With direction 2, fixing the SCS to be 15 kHz is simpler and presents a tradeoff with the extent of use cases which could meet latency requirements. 
Proposal 1: For LTE Uu managing NR mode-1 SL:
For direction 1: The numerology is set by BWP configuration from the SCS supported in NR SL.
For direction 2: A fixed numerology of 15 kHz is used for NR SL. 

Timing 
Even though NR SL and LTE can use different numerologies, the subframe/slot boundaries can be aligned if the two systems are synchronized, as shown in Fig. 3. 
The absolute duration of the timing between DCI reception to NR SL transmission depends on numerology. Even when Uu and SL use the same numerology, the timing can also be flexible with direction 1 or fixed with direction 2 as illustrated in Fig. 3, where n is the nth subframe where DCI 5B is received and the offset is chosen as 3 slots as an example. 
Note that the timing, or set of possible timings, defined in NR Uu controlling NR mode-1 SL should be kept the same in LTE Uu control of NR mode-1 SL, in order to not change the basic NR mode-1 SL procedure when the Uu control is switched. 
Also note that LTE UE can be configured with short TTI (slot-based and subslot-based) and shortened processing time operation. Subslot-based structure defines 6 subslots per subframe, therefore, the boundary of a subslot of LTE Uu may not be aligned with the slot boundary of NR SL for numerologies other than 15 kHz. Thus, when LTE Uu is configured with subslot-based transmission at the same time as NR SL (e.g. because URLLC is in use on the LTE Uu interface), the timing between LTE Uu DCI reception and NR SL transmission should be indicated in the DCI. Otherwise, with direction 2 by fixing the timing can also be considered which may help avoid a different DCI size than DCI format 5A. 
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[bookmark: _Ref528313563]Fig. 3: Timing between DCI reception and SL transmission

Observation 1: As long as LTE Uu and NR SL are synchronized, the subframe/slot boundaries can be aligned between LTE Uu and NR SL even though different numerologies can be used for NR SL than LTE Uu.  
Proposal 2: For LTE Uu managing NR mode-1 SL:
For direction 1: It is necessary for the timing between DCI and SL to be indicated in a DCI format (e.g. DCI 5B) such that if n is the subframe index where DCI 5B is received, it is applied for SL in slot n + offset, and the offset is indicated in the DCI; or
For direction 2: The timing between DCI and SL can be fixed. 

NR SL unicast and groupcast 
In addition to HARQ-ACK feedback for NR unicast/groupcast, NR mode-1 SL may support CSI feedback. 
Under LTE Uu controlling NR mode-1 SL, SL HARQ-ACK or CSI feedback could be helpful for the eNB to adjust resource allocation for improve reliability. Hence, for direction 1 to modify LTE Uu, a new PUCCH format could be defined to convey NR mode-1 SL HARQ-ACK or CSI feedback. While potentially advantageous, note that for some cases with high reliability requirements, CSI might be too slow. Thus, this solution may not work for all V2X services. 
For direction 2, it is less versatile but much simpler, to only support a reduced set of functions for NR SL. For example, the eNB turns off HARQ-ACK/CSI feedback of unicast or groupcast. Note that it only applies to NR mode-1 SL. NR mode-2 SL can still support unicast/groupcast under LTE Uu control as eNB need only configure the resources and the mode-2 UEs will manage the rest. 
Proposal 3: For LTE Uu managing NR mode-1 SL:
For direction 1: It is necessary to define new PUCCH format for accommodating SL HARQ-ACK/CSI feedback
For direction 2: It is possible for NR mode-1 SL to consider disabling SL HARQ-ACK/CSI feedback for unicast/groupcast.  

LTE Uu standard TDD DL/UL configuration
This issue exists only when NR SL mode-1 shares a carrier with LTE Uu. Unlike when NR Uu controls NR mode-1 SL, NR mode-1 SL controlled by LTE only needs NR SL transmission resource compatible with TDD configurations, which can be handled by eNB scheduling/configuring the appropriate resources for NR mode-1 SL. 
Observation 2: For the shared LTE Uu TDD/NR SL carrier, no enhancement to LTE Uu is necessary, and it is up to eNB to schedule/configure appropriate resources for NR mode-1 SL. 

DCI blind decoding
[bookmark: _GoBack]With direction 1 a new DCI format (DCI 5B) needs to be defined and needs to include the same information as is defined in NR Uu controling NR SL mode-1. Hence, the DCI size of 5B is probably different and larger than the size of 5A, which, for a UE monitoring both formats is handled by zero padding format 5A. In direction 2, we assume that functionality choices are made so that format 5B is the same size as format 5A, with padding of format 5B if needed. 
Proposal 4: For LTE Uu managing NR mode-1 SL:
For direction 1: The size of format 5B is set as needed, and it is necessary to pad format 5A for UEs monitoring both formats to match the size for format 5B.
For direction 2: It is necessary to give format 5B the same size as format 5A, by padding of format 5B if necessary according to the supported functions. 

Configurations for NR mode-2 SL
This section addresses the FFS made at RAN1#94bis meeting for the details on LTE Uu providing necessary semi-static configuration for NR mode-2 SL communications. 
Regarding NR mode-2 SL, the latest progress includes Mode-2b to be studied as a functionality that can be a part of Mode-2(a)(c)(d) and more details identified for further study, where Mode-2(a)(c)(d) are defined as following:              
2a) UE autonomously selects SL resource for transmission
2c) UE is configured with NR configured grant (type-1 like) for SL transmission
2d) UE schedules SL transmissions of other UEs
It is natural that the study of LTE Uu configuring resources for NR mode-2 SL follows the same decisions as the study of NR Uu configuring resources for NR mode-2 SL. 
Proposal 5: For study of configurations of resource pools and/or BWP for NR mode-2 controlled by LTE Uu, NR mode-2 SL configuration defined for NR Uu can be a starting point. 

Conclusions
This contributions focuses on identifying the necessary enhancement of LTE Uu to control NR SL. Basically two directions are considered, i.e., (1) modifying LTE Uu to enable full or nearly full functionality support for NR mode-1 SL, or (2) using a simplified pre-defined configuration for NR mode-1 SL. 
Regarding the shared LTE Uu TDD/NR SL carrier and the DCI blind decoding, it is observed that no enhancement is necessary. Furthermore, the necessary configurations for NR mode-2 SL under LTE Uu control is also discussed. 
Overall, observations and proposals are summarized as follows:
Proposal 1: For LTE Uu managing NR mode-1 SL:
For direction 1: The numerology is set by BWP configuration from the SCS supported in NR SL.
For direction 2: A fixed numerology of 15 kHz is used for NR SL. 

Proposal 2: For LTE Uu managing NR mode-1 SL:
For direction 1: It is necessary for the timing between DCI and SL to be indicated in a DCI format (e.g. DCI 5B) such that if n is the subframe index where DCI 5B is received, it is applied for SL in slot n + offset, and the offset is indicated in the DCI; or
For direction 2: The timing between DCI and SL can be fixed. 

Proposal 3: For LTE Uu managing NR mode-1 SL:
For direction 1: It is necessary to define new PUCCH format for accommodating SL HARQ-ACK/CSI feedback
For direction 2: It is possible for NR mode-1 SL to consider disabling SL HARQ-ACK/CSI feedback for unicast/groupcast.  

Proposal 4: For LTE Uu managing NR mode-1 SL:
For direction 1: The size of format 5B is set as needed, and it is necessary to pad format 5A for UEs monitoring both formats to match the size for format 5B.
For direction 2: It is necessary to give format 5B the same size as format 5A, by padding of format 5B if necessary according to the supported functions.

Proposal 5: For study of configurations of resource pools and/or BWP for NR mode-2 controlled by LTE Uu, NR mode-2 SL configuration defined for NR Uu can be a starting point.

Observation 1: As long as LTE Uu and NR SL are synchronized, the subframe/slot boundaries can be aligned between LTE Uu and NR SL even though different numerologies can be used for NR SL than LTE Uu.  
Observation 2: For the shared LTE Uu TDD/NR SL carrier, no enhancement to LTE Uu is necessary, and it is up to eNB to schedule/configure appropriate resources for NR mode-1 SL. 
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