
3GPP TSG RAN WG1 Meeting #90                                                                     R1-1712338
Prague, Czechia, 21st – 25th August 2017

Source:	CATT
Title:	Discussion on carrier aggregation for mode 3 in V2X Phase 2
Agenda Item:	5.2.3.1.1
Document for:	Discussion and Decision

Introduction
In RAN #75 meeting [1], the following objective for carrier aggregation operation in PC5 of 3GPP V2X Phase2 work item is as follows:

	1. [bookmark: _GoBack]Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
a) Carrier aggregation (up to 8 PC5 carriers);



In RAN1 #88 meeting[2], the following agreements were achieved for the  maximum number of bits of a single sidelink transport block:
	Agreements:
· Remove the bracket and confirm the followings:
· The maximum number of sidelink transport block bits received within a TTI is set to [31704].
· The maximum number of bits of a single sidelink transport block is [31704].



In RAN1 #89 meeting[3], the following agreements were achieved for CA:
	Agreement:
· For RAN1, 3 use cases are considered for CA (Note that all use cases may not necessarily be supported):
· Parallel transmission of MAC PDUs (‘parallel’ means at the same or different transmission time, but on different carriers). The MAC PDU payloads are different. 
· Parallel transmission of replicated copies of the same packet (‘parallel’ means at the same or different transmission time, but on different carriers)
· FFS at which layer replication is done
· Capacity improvements from the receiver perspective
· Note: From the receiver’s perspective, simultaneous reception over multiple carriers is assumed. From a transmitter’s perspective, transmission occurs over a subset of the available carriers
· For example, capacity could be increased a UE transmits on a single carrier (which can be different for each UE), but receives over all carriers
Agreement:
· In rel. 15 V2X WI, PSCCH and its associated PSSCH are transmitted in same carrier. 
· This does not preclude the PSCCH to contain information about other carriers, as long as within the scope of the WID.



In this contribution, we will further discuss the details on solutions of carrier aggregation for PC5 mode3.
Enhancement of CA for mode 3 support
As analyzed in the contribution [4], the motivation of CA in V2X phase 2 is as follows:
· increase the peak data rate
· offer the most suitable carrier for the packet transmission
· increase the reliability
For PC5 mode3, cross carrier scheduling is necessary because the Uu carrier scheduling the sidelink carrier is the necessary scenario. To increase the transmission data rate, the large data packet would be segmented to several smaller packets and transmitted in different carriers. For this case, cross carrier scheduling should be supported, including cross carrier scheduling multiple carriers.
Proposal 1: Cross carrier scheduling should be supported, including cross carrier scheduling multiple carriers.
For mode 3, there is only one enhancement to be considered that is how to indicate multiple carriers being cross carrier scheduled. The current control signaling format of mode 3 is DCI format 5A, which has already a carrier indicator field with 3 bits and can indicate another one carrier of up to 8 carriers. It is enough for R14 which only do cross scheduling operation from 2.6GHz band to 5.9GHz band. However, for CA, the 3 bit CIF is able to indicating 1 of up to 8 carriers but not able to indicate more than 1 scheduled carriers of up to 8 carriers. 
Proposal 2: For CA mode 3, the issue of indicating multiple scheduled carriers should be discussed.
Observation 1: The 3 bit carrier indicating field (CIF) in DCI format 5A is not able to indicating multiple scheduled carriers.
There are two solutions for this issue.
· Option 1: The DCI format 5A is sent in each scheduled carrier..
· Option 2: A new control signaling is introduced to indicate the multiple scheduled carriers.
For option1, the current DCI format 5A can be reused. However, as the number of scheduled carriers increases, the control overhead will increase linearly. 
For option2, the new control signaling can be designed only to indicate the scheduled carriers and the related resources. If much more carriers are scheduled, the signaling overhead of option 2 is lower than that of option 1, since option 1 need transmit the DCI separately. In the current specification, the payload of DCI format 5A is up to 42bits. While a new control signaling is used to indicate the carrier, only 8bits may be needed by jointly indicating. And if the carrier related resource allocation information are also indicated, it is also far less than 42*8=336bits, which may  need only 19 bits with 8 bits of carrier indicating and 11bits of resource indicating for 1520 combinations. From the control overhead aspect, the more carriers are scheduled, the more preferred the option 2 is.
Furthermore, there is another issue to be considered. There is a difference between Uu and PC5 that the ACK/NACK mechanism is applied to Uu but not applied to PC5 mode3. In Uu interface, the HARQ operation is dependent in each carrier with ACK/NACK feedback. From the downlink perspective, if not receiving the ACK feedback in the specific time domain location, the eNB would consider the current scheduled data is not successfully received by the UE and repeat scheduling the UE.  While from the uplink perspective, in the above situation the eNB would require the UE transmitting the data again. As a result, with the independent carrier scheduling of CA applied to Uu interface, the reliability of each packet transmission is guaranteed. However, it is completely different for PC5 interface. If several packets segmented from a large packet are transmitting in multiple carriers, once the PDCCH in one carrier is failed in receiving without the ACK/NACK feedback for PDCCH, the data cannot be transmitted in this carrier. In this condition, receptions of the other segmented packets are useless because the large packet cannot be combined successfully. From this aspect, the option2 is more effective.  
Proposal 3: Two options can be considered for the multiple scheduled carrier indicating:
· Option 1: The DCI format 5A is sent in each scheduled carrier.
· Option 2: A new control signaling is introduced to indicate the multiple scheduled carriers.
The selection of the above 2 options should be further discussed.
On basis of the above analysis, the ACK/NACK mechanism makes the carrier scheduling of Uu with high reliability. For PC5 mode 3, the introduction of the ACK/NACK mechanism should be considered, First of all, the carrier scheduling reliability can be improved. There is another obvious gain that the latency can be reduced by introducing the ACK/NACK mechanism. In the current specification, UE without receiving the sidelink grant would send a resource request again and the eNB schedules again when receiving the new resource request. While the ACK/NACK mechanism is introduced, eNB without receiving the ACK/NACK feedback for the sidelink grant in the specific time domain location would do the scheduling operation again, which can reduce the time for UE waiting the sidelink grant and eNB waiting and receiving the new resource request. Definitely, the latency can be reduced if the DCI transmission or reception is failed. Above all, it is necessary to introduce the ACK/NACK mechanism.
Observation 2: For PC5 mode3, the introduction of ACK/NACK mechanism can improve the reliability and reduce the latency.
Proposal 4: The introduction of ACK/NACK mechanism for the sidelink grant should be considered.
1. 
2. 
1.1. 
Conclusion
In this contribution, we have the following observation and proposals:
Proposal1: Cross carrier scheduling should be supported, including cross carrier scheduling multiple carriers.
Proposal2: For CA mode 3, the issue of indicating multiple scheduled carriers should be discussed.
Observation1: The 3 bit carrier indicating field (CIF) in DCI format 5A is not able to indicating multiple scheduled carriers.
Proposal3: Two options can be considered for the multiple scheduled carrier indicating:
· Option 1: The DCI format 5A is sent in each scheduled carrier.
· Option 2: A new control signaling is introduced to indicate the multiple scheduled carriers.
The selection of the above 2 options should be further discussed.
Observation2: For PC5 mode3, the introduction of ACK/NACK mechanism can improve the reliability and reduce the latency.
Proposal4: The introduction of ACK/NACK mechanism for the sidelink grant should be considered.
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