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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
NR Uu scheduling LTE SL mode-3 was discussed in the last meeting and the following agreement was achieved:
Agreements:
· In continuing evaluating NR Uu scheduling of LTE sidelink mode-3, consider at least:
· What will be required on the UE side to support such feature 
· DCI design (e.g., whether DCI 5A can be reused)
· Deployment scenarios where it is beneficial

This contribution further examines how NR Uu can schedule LTE mode-3 SL communications including the considerations listed in the agreement. In addition, this contribution focuses on identifying the necessary enhancements of NR Uu to control LTE SL to address the following objective listed in the SID [1]:
1. Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network.

[bookmark: _Ref129681832]Discussion on NR Uu managing LTE mode-3 SL
Scenarios where supporting NR Uu managing LTE mode-3 SL is beneficial at least include:
· When the UE operating LTE SL is close to a UE operating NR SL as illustrated in Fig. 1. The gNB schedules LTE mode-3 SL communication, and can manage interference and improve resource utilization. 
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[bookmark: _Ref533771459]Fig. 1: UE operating LTE SL is close to a UE using NR SL. 

· Where LTE bands are refarmed to NR, it is likely that LTE mode-3 SL will continue to be used as illustrated in Fig. 2. 
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[bookmark: _Ref533771932]Fig. 2: LTE bands refarmed to NR. 
The LTE SL has been clearly defined and is not expected so far to evolve further in future LTE releases. Keeping the basic principle that LTE SL is not changed when it is in the control of NR Uu, the necessary enhancements to NR Uu are discussed in the following.
Numerology and timing
When LTE mode-3 SL is controlled by LTE Uu, the timing between the subframe where UE receives DCI 5A and the first subframe for SL transmission is not less than four subframes.
NR Uu supports {15, 30, 60} kHz numerology for FR1 and {60, 120} kHz for FR2, but LTE Uu and LTE SL only supports 15 kHz. However, as long as NR Uu and LTE SL are synchronized, the time boundary of subframe/symbol of smaller SCS (i.e., LTE SL) is aligned with the time boundary of an integer number of slots/symbols of larger SCS (i.e., NR Uu) as illustrated in Fig. 3. This is similar to the case of cross-carrier scheduling with different numerologies, which is not supported in NR Uu due to complexity. However, it is not so complicated for NR Uu scheduling LTE SL as LTE SL only supports broadcast in PHY layer, and there is no need to feedback HARQ-ACK. 
The timing of “no less than four subframes” is the value defined in LTE between receiving downlink DCI and transmission of UL/SL which considered the DL reception processing time and UL/SL transmission processing time. NR has flexible timing between DCI and PUSCH transmission which is indicated in the scheduling DCI. One of the reasons is that NR UE reports UE processing time capability and flexible numerology. If DCI 5A’ (with the same information as an LTE DCI 5A) is transmitted by NR Uu, due to shorter transmission time in NR Uu with larger numerology than LTE Uu and possible UE shorter DCI reception processing time, UE may be ready earlier than LTE for SL transmission. 
Therefore, when LTE mode-3 SL is controlled by NR Uu, the timing between DCI reception from NR Uu and LTE SL transmission can be defined in two manners as presented in Fig. 3. Option 1 is to align to LTE SL timing of four subframes at 15 kHz SCS as in Fig. 3 (a) so the timing offset depending on the numerology of NR Uu is , where n is the nth slot where DCI 5A’ is received and equals to 0, 1, 2 corresponding to 15, 30, and 60 kHz, respectively. Alternatively, option 2 as in Fig. 3 (b) is the fixed timing offset independent of NR Uu numerology, e.g., . 
From UE operating LTE mode-3 SL perspective, UE will transmit SL in  subframe after the DCI is received in subframe n as far as the LTE UE is concerned, under the premise of no change to legacy LTE SL. If the SL transmission timing is defined as n+4 in each numerology, the LTE UE must be ready at different times which do not in general align to n+4 for the 15 kHz numerology known to the LTE UE. Given no change to LTE SL is expected, option 1 in Fig. 3 (a) is desirable for defining the timing. 
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[bookmark: _Ref528249916]Fig. 3: Timing between DCI 5A’ received from NR Uu and the first subframe for SL tx

Observation 1: As long as NR Uu and LTE SL are synchronized, the boundary of certain subframes/symbols is aligned between NR Uu and LTE SL even though different numerologies can be used for NR Uu than LTE SL.  
Proposal 1: For NR Uu managing LTE mode-3 SL, the necessary enhancement is to define the timing between DCI and SL is , where n is the slot where DCI 5A’ is received and  is 0, 1, 2, 3, 4 corresponding to 15, 30, 60, 120, and 240 kHz, respectively. 

BWPs
NR UE can be configured with up to four BWPs with different numerologies but only one of them can be active at a given time. BWP switching can be based on DCI indication or a preset timer. The size of BWP can be up to the entire carrier bandwidth. 
When LTE mode-3 SL is controlled by LTE Uu, resource pools are defined with the concept of subchannels, and the SA and data multiplexing framework in terms of adjacent or non-adjacent in frequency. It is straightforward for NR to provide these LTE configurations. 
Proposal 2: If LTE mode-3 SL shares a carrier with NR Uu, NR can manage LTE mode-3 SL by configuring resources pools for LTE SL and no additional enhancement to NR Uu is necessary. 

Slot format 



NR Uu supports flexible slot formats as defined in [2]. NR UE is configured with a reference subcarrier spacing configuration of  and a corresponding slot format and can derive the slot format for the active BWP of subcarrier spacing configuration of  with . 
When LTE mode-3 SL is controlled by LTE Uu, dynamic scheduling and up to 8 SPS configurations are supported which are corresponding to DCI 5A scrambled by SL-V-RNTI and SL-SPS-V-RNTI, respectively. Irrespective of dynamic or SPS scheduling, a common UE procedure for determining the subframe pool is defined e.g., firstly from total 10240 subframes to preclude subframes in which SLSS resource is configured, downlink subframes and special subframes if the SL occurs in a TDD cell, and reserved subframes; and then determining the subframe pool in the remaining subframes according to the bitmap configured by the higher layer. The dynamic or SPS scheduling further determines the subframes for SL transmission from the subframe pool. 
It is worthwhile to note that the slot format issue only exists when LTE mode-3 SL shares the carrier with NR Uu. The issue is whether NR Uu can still be configured flexible slot formats without changing LTE mode-3 SL procedure. For considering to solve this issue, one direction is that the slot format configured for NR Uu shall be compatible with LTE TDD configurations, so that from UE operating mode-3 SL perspective it is the legacy procedure for determining the subframe pool without change. Alternatively, NR Uu is free to be configured any of slot formats defined in [2] but LTE mode-3 SL UE procedure for determining subframe pool needs change to be able to preclude the DL subframes or subframes with DL/flexible symbols that are not compatible with LTE TDD configurations. Any change to LTE SL procedure is undesirable. Therefore, the first direction is recommended. 
Observation 2: If LTE mode-3 SL shares a carrier with NR Uu, NR Uu configured with appropriate slot formats can manage LTE mode-3 SL. 
Proposal 3: If LTE mode-3 SL shares a carrier with NR Uu, it is necessary that slot formats configured for NR Uu are assumed to be compatible with LTE TDD configurations. 

[bookmark: _Ref533782986]DCI blind decoding 
If NR Uu is to manage LTE mode-3 SL, DCI 5A’ needs to be defined via NR Uu that includes the same information as an LTE DCI 5A. Considering NR Uu managing NR mode-1 SL also needs to define new DCI format(s), whether a single DCI format that could schedule both LTE mode-3 and NR mode-1 or separate DCI formats shall be defined is a question. 
Separate DCI formats are favorable since the DCI 5A’ can be straightforwardly the same as LTE DCI 5A and avoid changing LTE SL. In addition, NR SL mode-1 design might be quite different than LTE mode-3 which may imply fields defined in LTE DCI 5A are not needed for NR mode-1 or vice-versa. 
NR has defined mechanisms of managing the number of UE blind decodes, e.g., configuring the search space, aggregation level, candidates, DCI formats that UE needs to monitor, which could be applied in addition to the option of padding to the same size of other formats if UE monitoring DCI 5A’ possibly increases the complexity of blind decoding. 
Observation 3: DCI 5A can be reused and potential DCI blind decoding increase can be solved in the case of introducing DCI 5A’ to enable NR Uu managing LTE mode-3 SL. 
Proposal 4: For NR Uu managing LTE mode-3 SL, the necessary enhancement is to define a separate NR DCI format (DCI 5A’) with the same information as an LTE DCI 5A to schedule LTE SL mode 3 transmission. 

UE capability 
If UE operating LTE SL is managed by NR Uu, the UE evidently supports the NR Uu interface. In the case of a UE operating where an LTE band is refarmed to NR, the UE may have on Uu only a NR interface, and no LTE Uu interface, but still will benefit from being jointly controllable with LTE UEs in the same locality. If the UE is dual mode, and equipped with both LTE SL and NR SL, UE has NR Uu interface additionally. 
It is supported that NR Uu provides necessary semi-static configuration for mode-4 LTE SL communications, which means UEs with LTE SL can decode signaling from NR Uu for the semi-static configuration. If LTE mode-3 SL is scheduled by NR Uu, the only one extra requirement is that UE decodes DCI 5A’, which is discussed in subsection 2.4. 
Overall, the above analysis shows that it is feasible to support NR Uu managing LTE mode-3 SL and necessary enhancements are identified. For example, if LTE SL not sharing NR Uu carrier, the only specification impact is introducing DCI 5A’; defining the timing from DCI reception to SL transmission if NR Uu uses the numerology different than 15 kHz. If the LTE SL sharing NR Uu carrier, the Uu BWP and slot format issues can be solved by gNB’s configuration without involving additional LTE specification changes. 
Conclusions
This contributions focuses on identifying the necessary enhancement to enable NR Uu managing LTE mode-3 SL. If LTE SL not sharing NR Uu carrier, the only specification impact is introducing DCI 5A’; defining the timing from DCI reception to SL transmission if NR Uu uses the numerology different than 15 kHz. If the LTE SL sharing NR Uu carrier, the Uu BWP and slot format issues can be solved by gNB’s configuration without involving additional specification changes. 
The observations and proposals for necessary enhancement of NR Uu to control LTE SL derived from the discussion are summarized as following:
Observation 1: As long as NR Uu and LTE SL are synchronized, the boundary of certain subframes/symbols is aligned between NR Uu and LTE SL even though different numerologies can be used for NR Uu than LTE SL.  
Proposal 1: For NR Uu managing LTE mode-3 SL, the necessary enhancement is to define the timing between DCI and SL is , where n is the slot where DCI 5A’ is received and  is 0, 1, 2, 3, 4 corresponding to 15, 30, 60, 120, and 240 kHz, respectively. 
Proposal 2: If LTE mode-3 SL shares a carrier with NR Uu, NR can manage LTE mode-3 SL by configuring resources pools for LTE SL and no additional enhancement to NR Uu is necessary. 
Observation 2: If LTE mode-3 SL shares a carrier with NR Uu, NR Uu configured with appropriate slot formats can manage LTE mode-3 SL. 
Proposal 3: If LTE mode-3 SL shares a carrier with NR Uu, it is necessary that slot formats configured for NR Uu are assumed to be compatible with LTE TDD configurations. 
Observation 3: DCI 5A can be reused and potential DCI blind decoding increase can be solved in the case of introducing DCI 5A’ to enable NR Uu managing LTE mode-3 SL. 
Proposal 4: For NR Uu managing LTE mode-3 SL, the necessary enhancement is to define a separate NR DCI format (DCI 5A’) with the same information as an LTE DCI 5A to schedule LTE SL mode 3 transmission. 
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