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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Cross-RAT control for V2X (where LTE Uu controls NR SL and NR Uu controls LTE SL) was discussed in the last meeting 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. 


For LTE Uu to provide necessary semi-static configuration for NR mode-2 SL communication, it was concluded that RAN1 will continuing working on identifying details. This contribution will discuss the necessary details about configurations for NR mode-2 SL communication, and the benefits and impact of LTE Uu managing NR mode-1 SL will be discussed in detail. 
[bookmark: _Ref129681832]Discussion on LTE Uu managing NR mode-1 SL
The benefits of LTE Uu managing NR mode-1 SL include:
· Interference and resource utilization management. 
· LTE Uu can compensate NR Uu coverage in NR mode-1 SL. 
The mechanism of NR mode-1 SL itself is still being discussed. So far, NR sidelink supports unicast, group cast, and broadcast. HARQ-ACK feedback is supported for unicast and group cast. Numerology for sidelink is {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2. PSCCH conveys layer-1 destination ID and addition layer-1 ID for facilitating HARQ combining for unicast/groupcast. SA and data for NR SL supports option 1A, 1B and 3. Resource pools for NR sidelink is supported and BWPs for sidelink are under discussion. 
Based on the framework we have so far defined for NR sidelink, it is seen that it is quite different from LTE sidelink communication mechanisms. In addition, LTE Uu has fixed 15 kHz as numerology but NR sidelink supports flexible numerology. Overall, there are two directions that could be considered to enable LTE Uu to manage NR mode-1 SL. One is reasonable LTE Uu enhancement could be acceptable to adapt to NR mode-1 SL. The other is when NR mode-1 SL management is taken over by LTE Uu when UE moves out of NR Uu coverage, NR mode-1 SL falls back to a basic configuration that is compatible with LTE Uu, e.g., only broadcast is supported, no SL CSI feedback, etc. 
In addition, some specific points to consider are numerology and timing issues, LTE Uu TDD cell, NR SL supporting unicast/groupcast with HARQ-ACK/CSI feedback, and DCI blind decoding. 
Numerology and timing issue
Even though different numerologies can be used for NR mode-1 sidelink than LTE Uu, as long as LTE Uu and NR SL is synchronized, the boundary of LTE Uu subframe is aligned with that of an integer number of slots of NR SL as shown in Fig. 1. 
When LTE mode-3 SL is controlled by LTE Uu, the timing between the subframe where UE receives DCI 5A and the first sidelink transmission is not less than four subframes. NR defined flexible timing between DCI and PUSCH transmission which is indicated in the scheduling DCI. One of the reasons is that NR enabled flexible numerology and UE reports UE processing time capability. 
The timing in the case of NR Uu controlling NR mode-1 SL has not been defined yet, but it can be either indicated in DCI or a fixed offset. Similarly, assuming DCI5B is defined in LTE for LTE Uu to control NR mode-1 SL, the timing between DCI5B reception and NR mode-1 SL transmission could be indicated in DCI5B or fixed with an offset as illustrated in Fig. 1, where n is the nth subframe where DCI5B is received and the offset is 3 slots whose duration is dependent on numerology. 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 NR mode-1 SL, in order to not change the basic NR mode-1 SL procedure when the Uu control is switched. 
[image: ]
[bookmark: _Ref528313563]Fig. 1: Timing between DCI reception and SL transmission

Observation 1: As long as LTE Uu and NR sidelink are synchronized, the boundary of certain slots/symbols is aligned between LTE Uu and NR sidelink even though different numerologies can be used for NR sidelink than LTE Uu.  
Proposal 1: For LTE Uu managing NR mode-1 SL, the timing between DCI and SL is
 , where n is the subframe where DCI5B is received and ‘’ could be fixed or indicated in DCI, with the same values as defined in NR Uu controlling NR mode 1 SL. 
Note that LTE UE can be configured with short TTI (slot-based and subslot-based) and shortened processing time operation. Subslot-based structure defined 6 subslots per subframe, therefore, the boundary of subslot of LTE Uu is not aligned with slot boundary of NR SL with numerology different than 15 kHz. Therefore, when LTE Uu is configured with subslot-based transmission, timing between LTE Uu DCI reception and NR SL transmission indicated in DCI is simpler and can solve the misalignment of boundaries issue. 

LTE TDD Uu
Note that this issue only exists in the case of NR mode-1 SL sharing carrier with LTE Uu. Different than for NR Uu controlling NR mode-1 SL, where NR SL is subject to the NR Uu slot formats naturally in the case of SL sharing Uu carrier, NR mode-1 SL controlled by LTE only needs NR SL transmission resource compatible with TDD configurations. 
Observation 2: For the LTE Uu TDD issue existing in the case of NR SL sharing Uu carrier, it could be solved when defining NR mode-1 SL resources compatible with LTE TDD configurations. 
Proposal 2: When NR mode-1 SL shares LTE Uu carrier, NR mode-1 SL resources are configured to be compatible with LTE TDD configurations.  

NR SL unicast and groupcast 
Different than LTE sidelink, NR sidelink supports unicast and groupcast and the associated HARQ-ACK feedback in addition to support of broadcast. In addition, NR mode-1 SL may support CSI related information. Under LTE Uu controlling NR mode-1 SL, sidelink HARQ-ACK or CSI feedback could be helpful to eNB to adjust resource allocation for improve reliability. Hence, a new PUCCH format could be defined to convey NR mode-1 SL HARQ-ACK or CSI feedback specifically. Due to eNB scheduling the SL grant and UE reporting SL HARK-ACK or CSI, this may not be applicable to the advanced V2X services with very stringent latency requirements, for which NR mode-2 SL can be in use instead. 
Alternatively, instead of defining a new PUCCH format, when NR mode-1 SL moves to be under LTE Uu control, NR mode-1 SL can fall back to a reduced set of functions. 
Proposal 3: NR mode-1 SL under LTE Uu control falls back to a reduced set of functions.  

DCI blind decoding
If LTE Uu is to manage NR mode-1 SL, a new DCI format (DCI5B) would be defined that includes the same information as is defined in NR Uu control NR mode-1 SL, which is probably not of the same size as LTE DCI5A. Therefore, UE would potentially need to decode a different size of DCI5B. However, if the potential DCI blind decoding increase is really a concern, padding can be considered.
In LTE Uu to control LTE mode-3 SL, if mapped to the same search space, DCI 5A is padded to the same size of DCI 0. If DCI5B is to be defined, which could also be padded to the same size of DCI 0 when it is NR SL single mode. Sizes of DCI 5A and DCI 5B can also be kept the same by padding if UE supports dual modes of both NR SL and LTE SL when mapped to the same search space. 

Observation 4: Concern of potential DCI blind decoding increase can be solved by padding in the case of introducing DCI5B to enable LTE Uu managing NR mode-1 SL. 
Proposal 4: A separate LTE DCI format (DCI5B) with the same information as defined for NR Uu to schedule NR mode-1 SL is needed. 
The above analysis explains how enabling LTE Uu control NR mode-1 SL communications can be solved with minimum specification effort. 
Proposal 5: It is supported that LTE Uu provides semi-static and dynamic control of NR mode-1 SL communications. 

Configurations for NR mode-2 SL
Regarding NR mode-2 SL, so far we have agreed to study four options:                  
Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
2a) UE autonomously selects sidelink resource for transmission
2b) UE assists sidelink resource selection for other UE(s)
2c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
2d) UE schedules sidelink transmissions of other UEs
LTE resource pool configurations in LTE can be a starting point and take into account TDM multiplexing of SA and data.
Proposal 6: For study of configurations of resource pools and/or possible 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 analyzes in details what the concerns are for LTE Uu managing NR mode-1 SL communications and how to solve the concerns in addition to providing the benefits analysis. Furthermore, the necessary configurations for NR mode-2 SL under LTE Uu control is also discussed. Overall, the following observations and proposals are derived:
Observation 1: As long as LTE Uu and NR sidelink are synchronized, the boundary of certain slots/symbols is aligned between LTE Uu and NR sidelink even though different numerologies can be used for NR sidelink than LTE Uu.  
Proposal 1: For LTE Uu managing NR mode-1 SL, the timing between DCI and SL is
 , where n is the subframe where DCI5B is received and ‘’ could be fixed or indicated in DCI, with the same values as defined in NR Uu controling NR mode 1 SL. 
Observation 2: For the LTE Uu TDD issue existing in the case of NR SL sharing Uu carrier, it could be solved when defining NR mode-1 SL resources compatible with LTE TDD configurations. 
Proposal 2: When NR mode-1 SL shares LTE Uu carrier, NR mode-1 SL resources are configured to be compatible with LTE TDD configurations.  
Proposal 3: NR mode-1 SL under LTE Uu control falls back to a reduced set of functions.  
Observation 4: Concern of potential DCI blind decoding increase can be solved by padding in the case of introducing DCI5B to enable LTE Uu managing NR mode-1 SL. 
Proposal 4: A separate LTE DCI format (DCI5B) with the same information as defined for NR Uu to schedule NR mode-1 SL is needed. 
[bookmark: _GoBack]Proposal 5: It is supported that LTE Uu provides semi-static and dynamic control of NR mode-1 SL communications. 
Proposal 6: For study of configurations of resource pools and/or possible BWP for NR mode-2 controlled by LTE Uu, NR mode-2 SL configuration defined for NR Uu can be a starting point. 
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