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1	Introduction
In RAN1#95, following agreements were reached.
	Agreements:
The following NR sidelink resource allocation techniques by NR Uu for mode-1 are supported:
· Dynamic resource allocation
· Configured grant. 
· FFS whether type-1 and/or type-2 
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


In RAN1#ah1901, the following agreements were made.
	Agreements:
· When NR Uu schedules NR SL mode 1, both type 1 and type 2 configured grants are supported for NR SL 
Agreements:
· LTE Uu to schedule NR sidelink mode 1 is supported: 
· The support is done based on type 1 configured grant with configuration restricted to time/frequency resources & periodicity, with the condition that no additional function/procedure is to be introduced for LTE Uu
· Both DCI based scheduling and type 2 configured grant scheduling are not supported for scheduling NR sidelink mode 1




In this paper, we discuss the remaining open issues to be discussed with respect to Uu-based resource allocation for sidelink transmissions before closing the SI.
[bookmark: _Ref178064866]2	NR Uu controlling NR mode-1 UEs
[bookmark: _Toc525764767][bookmark: _Toc525138828][bookmark: _Toc525764569][bookmark: _Toc525764652][bookmark: _Toc525764687][bookmark: _Toc525764704][bookmark: _Toc525764766][bookmark: _Toc525764768][bookmark: _Toc525821992][bookmark: _Toc525824100][bookmark: _Toc525914807][bookmark: _Toc525915276][bookmark: _Toc525927608][bookmark: _Toc525927976][bookmark: _Toc528755034]In RAN1#ah1901, both type 1 and type 2 configured grants are supported when NR Uu schedules NR mode-1 UE. For type 1 configured grant, in which the grant is configured and activated directly via RRC, the configuration also conveys transmission parameters such as periodicity, time offset, MCS, precoder matrix and frequency resources etc. In LTE scheduling NR mode-1, it has been agreed to support type 1 configured grant with configuration restricted to only time/frequency resources and periodicity with rest of the transmission parameters are left up to UE decision. In our view, such configuration should also be supported for NR mode-1 UEs, especially for unicast transmissions where link adaptation etc. can be performed by UE without the need of forwarding channel state information to the gNB. Therefore, transmission (TX) parameters such as modulation and coding schemes (MCS), TX power, precoder matrix for multiple antenna transmissions, etc. can be selected either by the network or UE or both. 
[bookmark: _Toc1131170]NR Uu supports type 1 SL configured grant with the possibility of allowing UEs to autonomously select transmission parameters such as MCS, precoder matrix for multi-antenna transmissions etc. 
3	NR Uu configuring NR mode-2 UEs
Proper operation of Mode-2 UEs under network control can be achieved by means of:
1. [bookmark: _Ref523773125]Providing Mode-2 configuration to in-coverage UEs.
2. [bookmark: _Ref523773128]Having the UEs operate autonomously using Mode-2 according to the received configuration. 
Control based on 1 can be enabled in two ways:
· Anticipating the configuration needs of the UE to provide the required information in advanced. This type of anticipated configuration may be performed in a predictive manner, for example using the information about the position of the UE and route information. This is illustrated in Figure 1 and Figure 2.
· Direct configuration by the network of a selected subset of Mode-2 UEs. Indirect configuration of the remaining Mode-2 UEs using a distributed sidelink protocol (like SLSS/PSBCH in LTE but with greater flexibility) to relay the configuration information provided by the network. This is illustrated in Figure 3.
[image: ]
[bookmark: _Ref534982465]Figure 1. Control of Mode-2 UEs based on route prediction. The UE provides its intended route to the BS. This information allows the BS to provide the configuration to be used by the UE as it passes through each of the cells.
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[bookmark: _Ref534982497]Figure 2. Illustration of the message exchange associated with the example in Figure 2.
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[bookmark: _Ref534982512]Figure 3. Indirect configuration of UEs. The BS directly configures one UE using the Uu interface. This UE relays the configuration information to all nearby UEs by means using the PC5 interface.
Note that these two approaches may also be combined. In other words, the network could configure any UE in a predictive way, based on information about the route taken by the UE. For example, the network could provide pool configuration information for the different geographical areas in which the UE expects to travel. In addition, the network may designate a subset of UE as configuration relays. Such UEs would be configured by the network with all the required information to allow for Mode-2 operation. This configuration information would be relayed to other UEs using a distributed sidelink protocol. Using the configuration directly or indirectly received from the network, the NR sidelink UEs would operate using Mode-2.
Note also that this approach requires that the autonomous operation, including resource allocation, be efficient. In our view, this is already an objective in the design of Mode 2 and discussed in detail in our contribution [1].
[bookmark: _Toc1131171]NR Uu supports configuration for mode-2 operation and relaying of configuration over sidelink.	
Like in LTE, the gNB can provide configuration based on either SIB (for RRC_IDLE UEs) or RRC signaling (for RRC_CONNECTED UEs). As discussed above, the configuration may be dedicated to a single UE (e.g. for the case of unicast transmissions) or can be for a group of UEs (e.g. platoon use case) or simply for all the UEs performing Mode-2 SL transmissions. 
[bookmark: _Toc1131177]Configuration can be dedicated to either single UE, a group of UEs, or all mode 2 UEs which are within gNB coverage. 
Furthermore, as discussed above and in our contribution [2], configuration can be associated with a certain geographical area and/or route which may or may not be outside the cell providing the configuration. For instance, a platoon moving across the cells may use a specific configuration received from gNB.
[bookmark: _Toc525821996][bookmark: _Toc525824104][bookmark: _Toc525914811][bookmark: _Toc525915280][bookmark: _Toc525927612][bookmark: _Toc525927980][bookmark: _Toc528755037][bookmark: _Toc528869384][bookmark: _Toc528869420][bookmark: _Toc528916065][bookmark: _Toc528945299][bookmark: _Toc528947537][bookmark: _Toc528954040][bookmark: _Toc531776813][bookmark: _Toc534979103][bookmark: _Toc1131172]Configuration for some V2X applications can be associated with a certain geographical area and/or route. 
4	NR Uu controlling LTE mode-3 UEs
In RAN1#95, the following agreement was made.
	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


Similar to LTE Uu controlling NR mode-1 that has been discussed extensively in the previous RAN1 meetings, the use of NR Uu to control resource allocation over LTE sidelink (i.e. tighter network control or Mode-3 type of control) has important implications on hardware. In this regard, different RAT aspects need to be considered while specifying such support. For example, LTE and NR numerology, frame structure and their corresponding timing aspects can be drastically different. Similarly, the inter-RAT signalling will increase UE complexity which is not desirable. 
[bookmark: _Toc525928113][bookmark: _Toc1131178]NR Uu controlling RA for LTE sidelink has large specification and scheduler/UE implementation complexity.  
Also, it is unlikely that NR coverage will be wider than that of LTE in the near future. The first commercial release of NR will be based on non-standalone where there will be an implicit LTE coverage. This implies that LTE Uu will be available to control and configure LTE sidelink. The control of LTE SL using NR Uu only applies in stand-alone NR deployments. Since, NR sidelink can also support basic safety application, it is more likely that NR sidelink will be deployed in the regions with only NR Uu coverage.
[bookmark: _Toc521685939][bookmark: _Toc1131179]The scenario of NR Uu controlling LTE sidelink is less likely to be deployed and beneficial. 
From a technical point of view, timing relationships and synchronization between carriers are aspects to be considered.
In LTE, DCI is followed by SL transmission not earlier than 4 subframes. These 4 subframes allow for DCI and SL TB processing. For LTE, both DCI and SL TB processing take place in the same UE. In contrast, for NR DCI processing would take place in the NR RAT, whereas SL TB would take place in the LTE RAT. In this regard, we can say the following:
· Processing of DCI may be faster for NR RAT, especially for larger SCS.
· Processing of the SL TB remains unchanged.
However, this separate processing also requires some internal UE signaling, adding some further processing time. Note that these UE interfaces and signaling are not visible in the specification and thus, it is not possible to determine maximum processing times. Whether the fast DCI processing compensates the additional gain will depend on specific UE implementations. For 15 kHz SCS, it is questionable whether this is feasible at all.
[bookmark: _Toc1131180]Legacy LTE and NR UE implementation determine whether it is feasible to support Mode-3 control of UEs in terms of timing, especially for narrow SCS.
Assuming synchronization between carriers simplifies establishing timing relationships between different RATs. However, as we discuss in [3], given that LTE carriers may be unlicensed such assumptions are not likely to hold in practice.
[bookmark: _Toc1131181]Synchronized LTE SL and NR Uu carriers are unlikely to happen in practice.
Therefore, we propose that tight control of gNB on LTE sidelink is not supported. 
[bookmark: _Toc528869422][bookmark: _Toc528916067][bookmark: _Toc528869387][bookmark: _Toc528869423][bookmark: _Toc528916068][bookmark: _Toc528945301][bookmark: _Toc528947539][bookmark: _Toc528954042][bookmark: _Toc531776815][bookmark: _Toc534979104][bookmark: _Toc1131173]NR Uu does not support controlling LTE mode-3 UEs.
[bookmark: _Ref189046994]3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Configuration can be dedicated to either single UE, a group of UEs, or all mode 2 UEs which are within gNB coverage.
Observation 2	NR Uu controlling RA for LTE sidelink has large specification and scheduler/UE implementation complexity.
Observation 3	The scenario of NR Uu controlling LTE sidelink is less likely to be deployed and beneficial.
Observation 4	Legacy LTE and NR UE implementation determine whether it is feasible to support Mode-3 control of UEs in terms of timing, especially for narrow SCS.
Observation 5	Synchronized LTE SL and NR Uu carriers are unlikely to happen in practice.
Based on the discussion in the previous sections we propose the following:
Proposal 1	NR Uu supports type 1 SL configured grant with the possibility of allowing UEs to autonomously select transmission parameters such as MCS, precoder matrix for multi-antenna transmissions etc.
Proposal 2	NR Uu supports configuration for mode-2 operation and relaying of configuration over sidelink.
Proposal 3	Configuration for some V2X applications can be associated with a certain geographical area and/or route.
Proposal 4	NR Uu does not support controlling LTE mode-3 UEs.
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