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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
NR Uu control for LTE sidelink was discussed in RAN1#96bis. In particular, whether to use RRC-based or DCI-based activation/release for NR Uu control for LTE sidelink SPS was discussed. The following agreement was reached: 
Agreements:
Regarding RRC-based versus DCI-based activation/release of LTE sidelink SPS, RAN1 agrees to make the choice on the basis of at least:
· Spec impact
· Flexibility 
· Performance, including latency
· Implementation complexity
· Timing of the activation/deactivation

RAN1#97 is due to reach a decision on the question of how to control LTE mode 3 sidelink, according to the WID objective:
2. Specify support for NR Uu to provide control for LTE sidelink 
· Sidelink mode 4 as per the study outcome [RAN2, RAN1]; and
· Sidelink mode 3-like RRC-configured SPS scheduling with either RRC-based activation/deactivation as per the study outcome or DCI-based activation/deactivation [RAN1, RAN2].
· RAN1 to make a decision on which option is supported until RAN#84.

In this contribution, we address RRC-based and DCI-based activation/release for LTE sidelink SPS in terms of the five areas agreed in RAN1#96bis. 
Discussion for RRC-based and DCI-based activation/release
Specification impact
The agreement achieved in the study item phase for NR controlling LTE mode-3-like sidelink using RRC-based activation/deactivation is as follows:
Agreements:
· Scheduling by gNB using RRC for LTE sidelink scheduled mode is supported from RAN1 perspective under the premise that there is sufficient time for coordination between the NR and LTE modules. No DCI to activate/release
· RRC message delivers the SPS grant configuration and releases the SPS configuration. 
· Support of this scheduling mode is subject to UE capability (may or may not have capability for both LTE & NR)
· Note: some specification LTE change is needed to support the reception of a grant through RRC
· RRC message contains mode 3 grant content and timing
· Up to the Editor to capture it as mode 3 or new LTE sidelink mode
· No intention to have additional NR & LTE specification change (other than those described above) for this function in Rel-16
· RAN1 studied the feasibility of SPS scheduling by gNB for LTE sidelink with DCI activation/release, but there is no consensus to support it

RRC-based activation/release
In the RAN1#96 design, RRC messages not only convey the SPS grant configuration, but also release the SPS configuration. A new RRC message would need to be defined in RAN2 specification. In addition, LTE sidelink SPS procedures in MAC and PHY to introduce SPS operation without an activating/de-activating DCI would be needed. Therefore, the specification impact includes NR RAN2 and LTE RAN1 and RAN2. 
RAN2 needs to address the following when designing the signaling. RAN2#105 agreed that the “gNB should be able to configure mode3 SL resources via dedicated signaling. It will be defined as a container (OCTET STRING) and actual information follows what defined in LTE RRC”. 
According to RAN2 agreement, RAN2 will not define the detailed RRC signaling for such a case in the NR specification but just introduce the description that the resources configuration for LTE mode 3 sidelink SPS grant configuration/activation or release will follows what defined in LTE RRC. 
The LTE RAN2 specification work is quite extensive, and needs to address the following:
1. Analyze which IEs of NR Uu configured grant type-1 configuration are needed. 
2. Incorporate the contents from the DCI format 5A with CRC scrambled with SL-SPS-V-RNTI, so as not to change the LTE sidelink SPS procedure operation as according to the agreement there is no intention to have additional LTE specification change.
3. Include the indication of when sidelink SPS grant is activated if replacing DCI for activation. 
4. Include the indication that sidelink SPS grant is released when it needs to be released. 
5. Introduce new SL-SCH grant reception procedures in MAC.
LTE RAN1 specification impact includes introducing UE procedures in clause 14.2.1 in TS 36.213 [1] for transmitting the PSCCH for sidelink mode 3-like according to the configuration of RRC signaling from NR Uu. 
DCI-based activation/release
LTE sidelink supports up to eight SPS configurations. The configuration index and the associated periodicity are configured by higher layers [2] in LTE and DCI format 5A with CRC scrambled by SL-SPS-V-RNTI is used for activation/release. When LTE sidelink SPS with DCI activation/release is controlled by NR, the specification impact only involves NR RAN2 and NR RAN1 without need to change existing LTE specifications. 
The RRC configuration to be defined in NR can simply reuse that in LTE as follows:
SPS-ConfigSL-r14 ::=	SEQUENCE {
	sps-ConfigIndex-r14				SPS-ConfigIndex-r14,
	semiPersistSchedIntervalSL-r14	ENUMERATED {
										sf20, sf50, sf100, sf200, sf300, sf400,
										sf500, sf600, sf700, sf800, sf900, sf1000,
										spare4, spare3, spare2, spare1}
}

NR RAN1 specification impact includes: 
1. Defining a DCI format which contains the contents of LTE DCI format 5A. 
2. Defining the timing between DCI reception and LTE sidelink transmission. 
In addition, in order to keep the number of blind decoding attempts reasonable with the new DCI format, existing solutions used for other DCIs can be considered, such as e.g., padding the new DCI format to the same size of other existing DCI formats, or up to network to configure the search space, aggregation level, candidates. Therefore, the blind decoding issue needs to be considered in order to enable not to burden the UE implementation, but it may not have substantial NR RAN1 specification impact. 
Observation 1: For NR Uu control for LTE sidelink SPS, DCI-based activation/release has less specification impact than RRC-based when work in all WGs is considered. 

Performance
LTE sidelink SPS resource is UE-specific when controlled by LTE Uu. The eNB would not configure/activate the same time-frequency resource of the SPS grant to different UEs so that the receiving UE can decode its grant. 
When LTE sidelink SPS is controlled by NR Uu and the grant is configured/activated by RRC, assuming RRC signaling in NR Uu can configure multiple LTE sidelink SPS grants to adapt to different services, for the activation of the grants, they could be activated upon configuration, or activated when necessary. If activation and configuration of the grants are in the same RRC signaling, all grants are activated when configured even though they may not to be used right away. Hence, in such a case (e.g., for the event triggered V2X services, UE transmitting is periodic for a period of time and there may not be data to transmit after the period of time is over), the spectral efficiency is low unless the grant is activated/released in time when needed/not needed. However, comparing to DCI-based activation/release, the RRC-based activation/release on demand incurs more resource overhead and longer latency as the packet for transmitting a RRC signaling usually has a larger TBS size than a DCI payload size for LTE sidelink SPS activation/release. 
Observation 2: For NR Uu control for LTE sidelink SPS, the RRC-based activation/release on demand incurs more resource overhead and longer latency than DCI-based. 
In addition, the minimum configurable periodicity for LTE sidelink SPS is 20ms [2]. If the RRC signaling is used to activate the grant when the sidelink transmitting UE has the data to be transmitted per 20ms periodicity, the data can only be transmitted on the granted resource after UE obtaining the timing for the activation of the grant, passing the information received from NR Uu to LTE sidelink, and UE preparing the transmission on LTE sidelink. 
According to the processing delay requirement for RRC procedures defined in [3], as illustrated in Fig. 1 from the end of reception of the network -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> network response message, the performance requirement is 10ms for RRC reconfiguration. This excludes delays caused by scheduling, the random access procedure or physical layer synchronization, and the time depends on the numerology, e.g., the absolute processing time is shorter for 60 kHz subcarrier spacing than 30 kHz. In addition, the delay for UE preparing sidelink transmission may be >=2 ms. The internal information between NR Uu and LTE sidelink is also up to UE implementation. Therefore, RRC-based activation/release may possibly affect the LTE sidelink performance for the service of 20 ms periodicity when it is controlled by NR Uu.
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[bookmark: _Ref7021767]Fig. 1: Illustration of RRC procedure delay
Comparatively, DCI-based activation/release can be much faster than RRC-based for UE confirming the timing of the grant being activated. As shown in Fig. 2, , the LTE sidelink transmission can be sent after 4 ms from transmission of DCI for activation. The NR DCI activation command is sent on NR Uu, which is processed in the NR module quickly. For example, taking PUSCH UE preparation capability 1 and 60 kHz subcarrier spacing as example, i.e, 23 symbols, assuming DCI processing takes at most one half, it would be 12 symbols, i.e., about 0.2ms. Even taking into account the time used for internal exchange between NR Uu and LTE sidelink module and the time used for UE preparation of LTE sidelink transmission, the total time would be much shorter than for RRC-based. 
[image: ]
[bookmark: _Ref7082879]Fig. 2: Illustration of DCI processing delay
Observation 3: For NR Uu control for LTE sidelink SPS, RRC-based activation/release may possibly affect the LTE sidelink performance for the service of 20ms periodicity. 

Flexibility
Both RRC and DCI-based activation provide flexibility. However, comparing DCI-based and RRC-based activation/release, DCI-based is the most flexible in terms of promptly adjusting physical layer resource of the activated grant or releasing the grant with less resource overhead and shorter latency. RRC-signaling, on the other hand, operates on a longer time-scale that physical-layer signaling.
Observation 4: For NR Uu control for LTE sidelink SPS, DCI-based activation/release can adjust physical layer resources, activate the grant, and releasing the grant faster than RRC. 

Implementation complexity
There was discussion from UE implementation perspective that fast information exchange is required when DCI is used for activation/release. If the RRC signaling is transmitted to activate/release the grant when necessary, it also involves information exchange between NR Uu and LTE sidelink. 
How fast the information exchange needs to be depends on how frequent the activation/release (through RRC or DCI) is to be transmitted. How fast the information can be exchanged internally is up to UE implementation, but a conservative or a medium value can be considered when defining the timing between NR Uu reception and LTE sidelink transmission. In in-device co-existence discussion, a working assumption was agreed in the last meeting that “for Tx/Tx overlap, if packet priorities of both LTE and NR sidelink transmissions are known to both RATs prior to time of transmission subject to processing time restriction, then the packet with a higher relative priority is transmitted”. How the packet priorities are known is to be discussed but it is understood that it also involves information exchange internal UE. Hence, it is reasonable to make the same level assumption regarding the time for UE internal information exchange for both in-device co-existence and NR Uu controlling LTE sidelink. 
In any case, if the timing of 4 subframes (4ms) is not long enough, it can be relaxed to be a value larger than 4ms and independent of numerology of NR Uu carrier. 
Observation 5: For NR Uu control for LTE sidelink SPS, internal information exchange between NR Uu and LTE sidelink is required for both DCI-based activation/release and RRC-based if activation/release via RRC is sent on demand. 
 
Timing of the activation/deactivation
As discussed above, for RRC-based activation/release, the grant can be activated when configured or later after configuration when the grant is to be used, but the latter could make higher spectral efficiency. 
If the activation/release command via RRC is sent on demand, it is conveyed by RRCReconfiguration. After UE receiving RRCReconfiguration on physical layer, 10ms is required by UE processing the RRC procedure before being ready for the reception of uplink grant for the UE transmitting the RRCReconfigurationComplete message [3] as illustrated in Fig. 3. The LTE sidelink grant is known by network and UE to have been activated after network ACKs the RRC UL response messages. Moreover, the exact timing for the grant being activated needs to follow the configuration of periodicity and offset in the RRC message. 

[image: ]
[bookmark: _Ref7029954]Fig. 3: Timing of activation for RRC-based 

For DCI-based activation/release of LTE sidelink SPS when controlled by NR Uu, the timing of activation is shown in Fig. 4. After UE decoding DCI activation command, the grant would be deemed as activated. 
[image: ]
[bookmark: _Ref7029991]Fig. 4: Timing of activation for DCI-based 

Observation 6: For NR Uu control for LTE sidelink SPS, the timing of activation/deactivation for RRC-based primarily consists of RRC processing delay, PUSCH preparation time, and waiting for the new the periodicity and offset to begin. 
Observation 7: For NR Uu control for LTE sidelink SPS, the timing of activation/deactivation for DCI-based primarily consists of DCI processing delay. 

The analysis and comparison between RRC-based and DCI-based activation/release for LTE sidelink SPS controlled by NR Uu are summarized in Table 1. 
[bookmark: _Ref6674636]Table 1: comparison between RRC-based and DCI-based activation/release for LTE sidelink SPS controlled by NR Uu
	
	RRC-based
	DCI-based

	
	(Activated when configured)

	(activated/released on demand)
	

	Specification impact
	NR RAN2 (define the signaling container)
LTE RAN2 (design RRC signaling)
LTE RAN1 (UE procedure for sidelink mode 3-like)
	NR RAN2 (define the signaling container), 
LTE RAN2 (design RRC signaling), 
LTE RAN1 (UE procedure for sidelink mode 3-like)
	NR RAN2 (define the signaling container), 
NR RAN1 (define a DCI format containing the contents of LTE DCI format 5A, timing between DCI rx and SL tx)

	Performance
	Low spectral efficiency, e.g., for event triggered V2X services

	High spectral efficiency,
Possibly affect LTE sidelink performance of service with 20ms periodicity 
	High spectral efficiency

	Flexibility
	Flexible
	Flexible,
but lower than DCI-based
	Flexible,
and faster than RRC-based

	Implementation complexity
	Low complexity at the cost of low spectral efficiency for event triggered V2X services
	internal information exchange is required
	internal information exchange is required

	Timing of the activation/release
	Activated when configured. 
	Timing consists of RRC processing delay, PUSCH preparation time and time for adapting to the configuration of the periodicity and offset
	Timing consists of DCI processing delay. 



For NR Uu controlling LTE PC5 that supports the V2X services defined in LTE Rel-15, including the event triggered services and periodic services with periodicity changes, the advantages described above for using DCI-based activation become more pronounced. Moreover, if operators implement more advanced V2X services than designed in LTE Rel-15 by LTE PC5 when controlled by NR Uu, DCI-based activation will again increase in importance. 
Based on the above analysis and comparison between RRC-based and DCI-based activation/release for LTE sidelink SPS controlled by NR Uu, the following proposal is given:
[bookmark: _Ref129681832]Proposal 1: For NR Uu control for LTE sidelink SPS, DCI activation/release is supported assuming UE implementation can support it.

Conclusions
This contributions continues discussion on RRC-based and DCI-based activation/release for LTE sidelink SPS when controlled by NR Uu, which leads to the observations and proposal as follows:
Observation 1: For NR Uu control for LTE sidelink SPS, DCI-based activation/release has less specification impact than RRC-based when work in all WGs is considered. 
Observation 2: For NR Uu control for LTE sidelink SPS, the RRC-based activation/release on demand incurs more resource overhead and longer latency than DCI-based. 
Observation 3: For NR Uu control for LTE sidelink SPS, RRC-based activation/release may possibly affect the LTE sidelink performance for the service of 20ms periodicity. 
Observation 4: For NR Uu control for LTE sidelink SPS, DCI-based activation/release can adjust physical layer resources, activate the grant, and releasing the grant faster than RRC. 
Observation 5: For NR Uu control for LTE sidelink SPS, internal information exchange between NR Uu and LTE sidelink is required for both DCI-based activation/release and RRC-based if activation/release via RRC is sent on demand. 
Observation 6: For NR Uu control for LTE sidelink SPS, the timing of activation/deactivation for RRC-based primarily consists of RRC processing delay, PUSCH preparation time, and waiting for the new the periodicity and offset to begin. 
Observation 7: For NR Uu control for LTE sidelink SPS, the timing of activation/deactivation for DCI-based primarily consists of DCI processing delay. 

Proposal 1: For NR Uu control for LTE sidelink SPS, DCI activation/release is supported assuming UE implementation can support it.
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