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1. Introduction
Coordinated multi-point transmission/reception is considered for LTE-Advanced as a tool to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput [1].
In this contribution, we will discuss some impacts of CoMP on control plane, including CoMP sets configuration, activation/deactivation of the CoMP mode, CoMP sets update and optimization of HO procedure.
2. Discussion
2.1. CoMP sets Configuration
In RAN1#57 meeting, the following definitions of CoMP terminology have been agreed:
	CoMP sets: 

· CoMP cooperating set

· Set of (geographically separated) points directly or indirectly participating in PDSCH transmission to UE. Note that this set may or need not be transparent to the UE. 

· CoMP transmission point(s): point or set of points actively transmitting PDSCH to UE

· CoMP transmission point(s) is a subset of the CoMP cooperating set

· For Joint transmission, the CoMP transmission points are the points in the CoMP cooperating set 

· For Dynamic cell selection, a single point is the transmission point at every subframe. This transmission point can change dynamically within the CoMP cooperating set.  

· For Coordinated scheduling/beamforming, the CoMP transmission point corresponds to  the “serving cell”

· CoMP measurement set: set of cells about which channel state/statistical information related to their link to the UE is reported as discussed in section 8.1.3
· The CoMP measurement set may be the same as the CoMP cooperating set

· The actual UE reports may down-select cells for which actual feedback information is transmitted (reported cells)
In addition, we have: 

RRM measurement set: in support of RRM measuremets (already in Rel-8) and therefore not CoMP specific


From above definitions, we try to get the procedure of determining these three types of sets. 

RRM measurement set is not a CoMP specific definition. In the measurement mechanism of LTE specification, the network gets measurement quantities of UE’s serving cell and neighbor cells via measurement report from the UE. In our understanding, this mechanism could be reused for the network to get some information from the UE for CoMP, and then the CoMP measurement set could be decided by the network and informed UEs. After UEs report channel state/statistical information of cells in CoMP measurement set to the network, the network could compare the channel qualities of the cells and choose cells in the CoMP cooperating set. Moreover, the CoMP transmission point(s) is a subset of the CoMP cooperating set. Figure 1 given below illustrates the relationship among these sets:
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Figure1: Illustration of CoMP sets

Proposal 1: The procedure of the CoMP sets configuration is: the RRM measurement set->the CoMP measurement set->the CoMP cooperating set.
2.2. Activation/Deactivation of the CoMP mode
CoMP is used only in connected mode to ensure the service quality, to improve the coverage of high data rates or to increase the throughput. If the UE is in the center of a cell, or has good channel quality, there is no need for the UE or the network to work in the CoMP mode.
So some mechanisms should be defined to activate/deactivate the CoMP mode.
2.2.1 Activation
The reasons for activating the CoMP mode could be:
- The Channel quality of serving cell (RSRP/RSRQ) becomes below the configured threshold; or
- The UE or the network wants to initiate a high-data-rate service, and such service requirements can be satisfied only in the CoMP mode which provides better channel quality and improved throughput.
The activation procedure could be started by an event triggered measurement report, and then the network will configure a periodic report to get the candidates of the CoMP measurement set.
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Figure2: Activation of the CoMP mode
2.2.2 Deactivation
Deactivation of the CoMP mode can be initiated by the UE or the network, when the channel quality is better enough or no more high-data-rate service is transmitted. UE may send a measurement report to notify the network of related measurement quantities, and it is decided by the network if the CoMP mode could be deactivated.
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Figure3: Deactivation of CoMP mode
Proposal 2: Some mechanisms should be considered to activate/deactivate the CoMP mode. And above procedures are recommended.
2.3. CoMP sets update
When UE is in the CoMP mode, the CoMP sets shall be updated to maintain proper channel quality and service performance. The RRM measurement set isn’t a type of CoMP specific sets, and it could be updated automatically by the event triggered or the periodic report. The CoMP cooperating set could only be changed by the network depending on the reports of the cells’ channel qualities. And in our analysis, the reasons for CoMP measurement set update may be one of the followings:
- Some cells stop providing the CoMP services; or
- The channel conditions of cells involved in CoMP set have been changed significantly since the last update.
In the different scenarios, the node to initiate the update of the CoMP measurement set may be different. If a cell stops providing the CoMP service, the network could inform the UE to remove the specific cell from the CoMP measurement set; whereas if the UE detected that the quality of a cell is worse or channel conditions of cells had been changed, the UE may request the network to reconfigure an appropriate CoMP measurement set according to current channel qualities, and after the request, the update procedure similar to the initial configuration of CoMP measurement set can be executed.
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Figure4: Update of the CoMP measurement set
Proposal 3: Both the eNB and the UE could initiate the update of the CoMP measurement set, but whether to update the CoMP measurement set is decided by the network. 
2.4. Optimizations of HO procedure
In the CoMP mode, multiple cells provide services to the UE, and all the cells within the CoMP cooperating set are synchronized in certain scope. So if both the eNB and the UE have the capability of CoMP, more CoMP features should be considered during related RRC procedures to achieve optimization, such as to simplify the procedure and maintain the high data rate.

2.4.1 The continuity of CoMP transmission
One of the main objectives of coordinated multi-point (CoMP) transmission/ reception is to improve the coverage of high data rates, so we think some high-data-rate services can only be provided at the cell edge by utilizing CoMP transmission. When handover happens, if target eNB can not immediately use CoMP transmission to transmit data to UEs which receive CoMP transmission in source eNB, high-data-rate services of those UEs may be interrupted. Hence, we propose guaranteeing the continuity of CoMP transmission during handover.

Proposal 4: The continuity of CoMP transmission should be guaranteed during handover.
2.4.2 Considerations of RACH-less handover 
It has been mentioned in [2] and [3] that RACH-less handover could be a method to optimize the HO procedure. If the Downlink CoMP cells can receive the feedback from the UE respectively or the SRS feedback scheme is used in CoMP scenario, the uplink signals from the UE should be covered by CP window and the UE can use the time advance (TA) of source serving cell. So the UE can perform handover inside the CoMP measurement set without random access to the target cell, i.e. RACH-less handover. With RACH-less handover, the RACH resource can be saved, and the data interruption can be reduced.
UL grant

To reduce the HO delay, UE should send the handover complete message as soon as possible.
 Because it’s hard to decide the exact timing that UE is prepared to send the handover complete message, it is difficult to schedule the first uplink transmission in target cell timely.
An effective resolution is: the target cell assigns the UL grant to the UE periodically until the first UL transmission from the UE is received. The period can be HARQ RTT. UE detects the PDCCH in the target cell to get the UL grant for the handover complete message.
The processing delay requirement for the UE from the end of reception of the RRCConnectionReconfiguration message to when the UE shall be ready for the reception of uplink grant for the RRCConnectionReconfigurationComplete message is 15 ms [4]. To reduce the resources waste, the target eNB could assign UL grant to the UE (15 + delta) ms later after sending HANDOVER REQUEST ACKNOWLEDGE message, where the delta is delay in X2 interface and/or the processing delay in eNB. If the delta can’t be calculated, it should be set to 0. 

One example of this resolution is shown in Figure 5.
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Figure5: UL grant in RACH-less handover
Proposal 5: While RACH-less handover is applied, we suggest that the target eNB assigns the UL grant for the handover complete message periodically until the first UL transmission is received. Some determinate processing delay should be considered. 

TAC
In LTE R8 handover, TAC is carried in Msg2 during random access procedure. In RACH-less handover, TAC should be sent in the first DL transmission to UE after HO procedure starts. When the UE gets the TAC, it should apply it immediately to get the accurate synchronization to the target cell as soon as possible.
TA validity

While RACH-less handover applied, some factors, such as the UE moved rapidly or the channel condition changed drastically, may affect the validity of TA. If UE sends the handover complete message to the target eNB during RACH-less handover, and TA between the target eNB and the UE is invalid, UE may have to wait long time to detect non-synchronization state by expiring of TA timer, which value is multiple times larger than the whole HO delay. Therefore, we propose that if RACH-less handover is adopted, some particular methods should be used to avoid UE waiting long time to detect non-synchronization state when UL synchronization become invalid between target eNB and UE. Introducing a timer to estimate the time after sending the handover complete message is a simple way.
Proposal 6: While RACH-less handover is applied, some mechanisms should be used to avoid UE waiting long time to detect non-synchronization state when TA become invalid between target eNB and UE.
3. Conclusion
In this contribution, we discussed the impact of CoMP on control plane, and give some proposals as below:
Proposal 1: The procedure of the CoMP sets configuration is: the RRM measurement set->the CoMP measurement set->the CoMP cooperating set.
Proposal 2: Some mechanisms should be considered to activate/deactivate the CoMP mode.
Proposal 3: Both the eNB and the UE could initiate the update of the CoMP measurement set, but whether to update the CoMP measurement set is decided by the network. 
Proposal 4: The continuity of CoMP transmission should be guaranteed during handover.
Proposal 5: While RACH-less handover is applied, we suggest that the target eNB assigns the UL grant for the handover complete message periodically until the first UL transmission is received. Some determinate processing delay should be considered. 

Proposal 6: While RACH-less handover is applied, some mechanisms should be used to avoid UE waiting long time to detect non-synchronization state when TA become invalid between target eNB and UE.
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