
3GPP TSG RAN WG1 Meeting #95

R1-1812310
Spokane, USA, November 12th – 16th, 2018
Source:
vivo

Title:
Enhancements of Uu link to control sidelink
Agenda Item:
7.2.4.3
Document for:
Discussion and Decision
1. Introduction
It has been discussed in the RAN1 #94bis meeting on the benefits and solutions for the enhancements of Uu link to control sidelink. The following agreements were achieved [1]:
	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. 

Agreements:

Continue studying NR sidelink resource allocation techniques by NR Uu for mode-1:

· Dynamic resource allocation

· Semi-persistent scheduling allocation or NR grant type-2 (activation/de-activation by physical layer signaling)

· Grant free transmission i.e., configured NR grant type-1

Agreements:

· Study further which resources to use for SL transmission and other network-control sidelink issues (e.g., power control) in the case of shared carrier 


In this paper, we mainly focus on the necessary enhancement of Uu to control transmission on sidelink.
2. NR Uu link to control NR sidelink
It has been agreed to support scheduled resource allocation, i.e., mode-1, for NR sidelink. Similar to that in LTE, enhancements are required in NR Uu interface for NR mode-1 operation.

Firstly, the common NR sidelink configurations should be broadcasted by SIB in NR Uu link. Likewise, dedicated RRC signaling is also needed in NR RRC messages for UE capability and assistance information report, as well as network resource allocation. This enhancement is needed regardless of the level of network control and resource allocation techniques.
Proposal 1: The SIB and dedicated RRC signaling are enhanced to support NR Uu link to control NR sidelink.
Secondly, in order to support dynamic resource allocation, a new DCI format should be introduced in NR Uu to schedule the sidelink transmission. This DCI format would be a UE-specific DCI. Thus, the non-fallback uplink grant (i.e., DCI 0_1) can be considered as the baseline for the dynamic sidelink grant, while the details still need further study. A sidelink RNTI would be introduced in NR for reception of this sidelink grant.

Proposal 2: A new DCI format of UE-specific search space is supported for dynamic sidelink scheduling.
Thirdly, semi-persistent scheduling allocation was introduced in LTE, which is proven to reduce the control overhead for sidelink transmission, especially for periodical traffic. It seems beneficial to be also supported in NR. In order to support low latency sidelink service, the configured uplink grant type-2 can be used, instead of the downlink SPS. As already agreed in the uplink, multiple active configured grants can also be supported for sidelink. 
Proposal 3: Multiple active semi-persistent scheduling allocations based on the configured uplink grant type-2 are supported for NR sidelink.
Fourthly, the scheduling timing should be defined for the sidelink scheduling. As illustrated in Figure 1, similar to the uplink scheduling, a value of K4 representing the delay between the sidelink grant reception in DL and sidelink data (PSSCH) transmission should be defined, as well as the processing capability.
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Figure 1 Scheduling timing of sidelink grant
Proposal 4: The scheduling timing, as well as the processing capability, should be defined for the sidelink scheduling.
Further, in order to support dynamic scheduling of mode-1 for unicast transmission in sidelink, it is beneficial for the gNB to acquire the SFCI of the transmitting UE. The HARQ-ACK seems necessary for the gNB to schedule a retransmission instead of new retransmission, as well as to update the internal accounting for buffer status of the sidelink UE. CSI information would also be useful for MCS and precoding selection. The beam measurement and reporting framework should also be enhanced for beam management in sidelink if multi-beam transmission is supported. As discussed in [2], different schemes (e.g., beam sweeping or narrow-beam) are needed for different types of transmission (broadcast or unicast, etc.). A UE may need to report the selected beam(s) for communication between the peer UE in sidelink so that the network can properly schedule the transmission and reception between UEs in the sidelink. For example, as illustrated in Figure 2, the network should indicate the suitable Tx and Rx beam when scheduling the communication between UE-1 and UE-2. On the other hand, the network should avoid schedule both UE-2 and UE-3 transmission to UE-1 at the same time, if UE-1 is only capable of one Rx beam. Without the beam measurement report of sidelink from UEs, the network would have difficulty to avoid such simultaneous reception issue.
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Figure 2 Multi-beam transmission
Proposal 5: A UE may need to report the feedback information, such as the HARQ-ACK, CSI information, and selected beam(s) between peers in sidelink to assist the network scheduling.
Moreover, as discussed above, the broadcast transmission needs multiple slots for beam sweeping, while the unicast transmission may only require one shot transmission. In order to assign the proper sidelink resource for different kinds of transmission, the BSR should indicate not only the buffer size but also the transmission type of the data. If more than one unicast (or groupcast) links are supported in a UE, the BSR report from that UE should also indicate which link the data belongs to. Otherwise, the network may not be able to schedule a suitable beam for transmission and reception. 

Proposal 6: BSR for sidelink should be enhanced to indicate the transmission type and destination.
Finally, the SR may also be enhanced for sidelink. A dedicated SR resource for sidelink transmission can be introduced. Once the SL SR detected, the network knows there is data to be transmitted in sidelink from the beginning, which helps to reduce the scheduling delay. 

Proposal 7: A dedicated SR resource for sidelink transmission may be introduced.
3. LTE Uu link to control NR sidelink
It has been agreed to provide the necessary NR sidelink semi-static configurations in LTE network. In this way, at least the sidelink mode-2 operation can be performed under the network control in the LTE coverage. 

On the other hand, the necessity of enabling the eNB to schedule the NR sidelink transmission dynamically is not clear. The main usage is to exploit the network scheduling gain in LTE coverage during the early NR deployment phase. However, it may introduce significant specification and implementation complexities. Moreover, at least a software upgrade is anyway needed to the existing LTE network in order to support NR sidelink scheduling. Nevertheless, due to some hardware limitations, it is likely that even after the network upgrade, only a subset of NR sidelink features (e.g., shorten processing time, flexible numerologies, etc.) may be supported by the eNB. Last but not least, given the coupling between the LTE and NR sidelink, any enhancement to NR sidelink would inevitably result in an LTE upgrade release by release. Therefore, it should be clarified on the necessity and benefit of supporting dynamic scheduling on the NR sidelink from the LTE Uu.

Observation 1: Enabling LTE Uu to schedule dynamically NR sidelink may introduce significant specification and implementation complexities.

Proposal 8: It should be clarified on the necessity and benefit of enabling LTE Uu to schedule NR sidelink dynamically.
If it is proven an essential use case, the level of network scheduling needs to be further studied. In order to reduce the impact to the specification and minimize the complexity, it would be beneficial that only a limited subset of functionalities is supported for LTE Uu scheduling. 

For example, the UE may operate in a restricted mode in NR sidelink scheduled by LTE Uu, such as, only 15k SCS is supported, the timing of sidelink grant is fixed to a predefined value, etc. 
Proposal 9: In order to reduce the impact to the specification and minimize the complexity, only a limited subset of functionalities are supported for LTE Uu scheduling NR sidelink.
4. NR Uu link to control LTE sidelink
It was agreed in the last meeting that NR Uu provides necessary semi-static configuration for mode-4 LTE SL communications. Once the NW-delivered resource allocation is selected by UE to come into effect, the gNB-controlled LTE mode 4 transmission will be supported. On the other hand, it is not clear whether there is a must to support gNB controlled LTE mode 3. In order for NR Uu to support LTE sidelink mode 3, new formats of DCI and BSR are needed, and the issues caused by cross-RAT scheduling should also be addressed.
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Figure 3. Scenario for gNB-controlled LTE sidelink

1. PHY layer: define a new DCI format encapsulating DCI 5A

· Different SCS/granularities between NR DCI and sidelink SCI

Since NR supports multiple numerologies, the SCS of NR downlink could be different from that of LTE sidelink. If NR DCI is transmitted by using a finer scheduling granularity than LTE, the alignment between symbol boundary of NR DCI and LTE carrier may be difficult to guarantee. Moreover, the scheduling timing needs to be defined carefully. This is similar to the case of cross-carrier scheduling with mix numerologies, which is not supported by NR in Rel-15 due to the complexity. To simplify the design, we need to specify some restrictions on the resource allocation for the new DCI and/or SCI. 
· DCI size

As the aggregation level of PDCCH candidates and DCI formats within a search space may vary, UE has to decode the PDCCH candidates with different DCI hypotheses blindly. There are two leading alternatives for the design of the new DCI format.

· Alt1. Same size with the fallback DCI (similar to that in LTE)
Without aligning the sizes with fallback DCI, the newly added DCI format would result in an increasing number of blind detection. Therefore, for the purposes of simplicity, the number of bits used for the new DCI should be identical to the fallback DCI format. As some fields of fallback DCI may be useless for LTE sidelink scheduling, they can be reused for supporting a more flexible resource mapping to compensate the reduced scheduling flexibility caused by different SCS of two RATs. 

For example, a new table for the slot offset K4 for PSCCH transmission may be needed considering that UE will take some time to complete the information transformation and interactions between NR Uu and LTE PC5. Instead of being defined in the specification as that in LTE, the K4 value can be carried by the new DCI dynamically.

· Alt2. Aligned with the DCI for gNB controlled NR V2X

For NR V2X UEs, it may conduct LTE V2X and NR V2X at the same time. In this case, NR V2X UE has to monitor the two DCIs that respectively control LTE sidelink and NR sidelink on the same occasion. A single DCI format would be beneficial for reducing the BD complexity of this UE. 

Some potential issues like how to design the common fields for the two DCIs and whether padding is needed to ensure the same payload size should be specified as well.
· How to activate/deactivate SPS on LTE sidelink carrier
In NR, grant-free (configured grant type-1) and SPS-based (configured grant type-2) PUSCH configurations are associated with a particular UL BWP. Since NR band and ITS band have different non-overlapping frequency ranges, the current signaling of type-1/type-2 PUSCH transmission cannot be reused to initiate/release sidelink SPS on a specific LTE sidelink carrier. If the single SPS configuration with a short periodicity is not sufficient to fulfill the requirement of periodic LTE sidelink transmission, and there is indeed a desire for NR NW to support multiple SPS configurations, additional modifications including LTE V2X SPS configuration and SPS indication would be needed. 

· SL-LTE-RNTI 
It is necessary to distinguish the new DCI from the current DCI, so some unique identities like new RNTIs are needed for NR Uu.

· Identification for cross-RAT scheduling

When cross-carrier scheduling is configured, the 3-bit carrier indicator within the DCI 5A will be used to indicate the frequency for the associated SA transmission. Since the case of NR Uu controlled LTE mode 3 sidelink involves cross-RAT scheduling, UE needs to know the RAT type of the carrier upon which the sidelink signal is transmitted. The corresponding DCI can convey the identification of the RAT type. Alternatively, the carrier indicator and the RAT type indicator can be encoded jointly.
2. MAC layer: define a new BSR format for LTE sidelink

Modifications for MAC layer are also necessary. In order to support LTE mode-3 scheduling, the gNB should be aware of the buffer status of not only the NR sidelink, but also the LTE sidelink. Therefore, the BSR should be updated to indicating the sidelink type associated with the buffer.
Based on the above discussion, supporting NR Uu controlling LTE mode 3 creates potentially significant spec changes. Nevertheless, the LTE mode 4 operation is any way applicable for the UE out of the LTE coverage. Thus, we suggest further study the gain of introducing NR Uu controlled LTE mode 3.
Observation 2: Supporting NR Uu controlling LTE mode 3 requires significant spec changes in both the PHY and MAC layers.
Proposal 10: Further study the gain of introducing NR Uu controlling LTE mode 3.
5. Conclusion

In this contribution, we discuss the necessary enhancement for Uu-controlled sidelink, and we made the following observations and proposals:
Observation 1: Enabling LTE Uu to schedule dynamically NR sidelink may introduce significant specification and implementation complexities.
Observation 2: Supporting NR Uu controlling LTE mode 3 requires significant spec changes in both the PHY and MAC layers.
Proposal 1: The SIB and dedicated RRC signaling are enhanced to support NR Uu link to control NR sidelink.
Proposal 2: A new DCI format of UE-specific search space is supported for dynamic sidelink scheduling.
Proposal 3: Multiple active semi-persistent scheduling allocations based on the configured uplink grant type-2 are supported for NR sidelink.
Proposal 4: The scheduling timing, as well as the processing capability, should be defined for the sidelink scheduling.
Proposal 5: A UE may need to report the feedback information, such as the HARQ-ACK, CSI information, and selected beam(s) between peers in sidelink to assist the network scheduling.
Proposal 6: BSR for sidelink should be enhanced to indicate the transmission type and destination.
Proposal 7: A dedicated SR resource for sidelink transmission may be introduced.
Proposal 8: It should be clarified on the necessity and benefit of enabling LTE Uu to schedule NR sidelink dynamically.
Proposal 9: In order to reduce the impact to the specification and minimize the complexity, only a limited subset of functionalities are supported for LTE Uu scheduling NR sidelink.
Proposal 10: Further study the gain of introducing NR Uu controlling LTE mode 3.
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