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[bookmark: _Ref130110545]Introduction
During RAN#72 meeting, the Study on SON for eCoMP for LTE SID [1] was approved. It was decided that RAN3 will “Identify scenarios and implementation requirements on network side needed for autonomous SON-based CoMP coordination sets generation and update”. Furthermore during RAN3#93, in R3-161928 [2], we introduced 3 different use-cases, aiming at dynamically select the most effective CoMP cooperating set for a given UE, in terms of CoMP user throughput or signaling load. The following Problem Statement was also agreed in R3-162030 [3]:
The problem to be studied is to identify those CoMP transmission points that maximize the average and cell edge User Packet Throughput gain when cooperating, taking into account real operating conditions, including:
· connectivity aspects, in particular backhaul performances;
· cell layout taking into account deployment and propagation irregularities;
· spatio-temporal user traffic distribution;
· [bookmark: _GoBack]temporary or permanent changes in network topology.
In this contribution, and with the clarifications given by the above Problem Statement, we describe further the benefits of the three use-cases for eCoMP operations, taking into account discussion during RAN3#93.
Discussion
A definition of a CoMP cooperating set and CoMP measurement set can be found in TS 36.819 [4]. There are three different types of set:
· CoMP cooperating set
· Set of (geographically separated) points directly and/or indirectly participating in data transmission to a UE in a time-frequency resource. Note that this set may or may not be transparent to the UE. The CoMP cooperating set defines the coordination area in Annex A.
· Direct participation: point(s) actually transmitting data in the time-frequency resource
· Indirect participation: candidate point(s) for data transmission that do not transmit data but contribute in making decisions on the user scheduling/beamforming in the time-frequency resource.
· CoMP transmission point(s): point or set of points transmitting data to a UE
· CoMP transmission point(s) is (are) a subset of the CoMP cooperating set
· For JT, CoMP transmission points may include multiple points in the CoMP cooperating set at each subframe for a certain frequency resource.
· For CS/CB, DPS, SSPS, a single point in the CoMP cooperating set is the CoMP transmission point at each subframe for a certain frequency resource.
· For SSPS, this CoMP transmission point can change semi-statically within the CoMP cooperating set. 
· CoMP measurement set: set of points about which channel state/statistical information related to their link to the UE is measured and/or reported as discussed in clause 5.2.2
· The UE reports may down-select points for which actual feedback information is transmitted
· How to measure interference needs to be considered.
Creation and management of these sets rely on implementations. For example these sets can be created dynamically or statically, and be dedicated to a specific UE, or not. In this contribution we will describe 3 different use-cases of CoMP set formation.
Impact of X2 TNL performances on CoMP transmission points
Considering the high level of cooperation between nodes needed for CoMP operation, X2 performances (i.e. X2 latency and X2 bandwidth) have an important impact on CoMP operations, especially for Joint-Processing CoMP (JP CoMP), when the DL data can be send via multiple Transmission Points (TPs). Furthermore these performances are variable in time. For example different X2 transport routes can change the latency. And X2 bandwidth depends on the overall load of the backhaul network, but also on UEs connectivity and traffic (e.g. Dual Connectivity). Therefore an adequate choice of the Transmission Points, taking into account actual X2 performances would be beneficial. The following example shows the difference between two possible method for selecting CoMP TPs. The first one (Figure 1) is using legacy information, such as UE measurements only. The second one (Figure 2) take into account X2 load. To simplify the example, we assume that X2 UL and X2 DL have the same performances.


Figure 1: CoMP TPs selection with legacy information


Figure 2: CoMP TPs selection taking into account X2 load
In Figure 1, c1 (eNB1) is the serving cell. According to UE measurements and other legacy parameters, c5 (eNB2) and c6 (eNB3) are chosen to be the additional TPs for Joint Transmission CoMP (JT CoMP). But eNB1-eNB2 X2 is overloaded and part of the information sent over X2 for JT CoMP operations are dropped. Therefore CoMP performances will not be optimal with this set.
In Figure 2 the CoMP system knows that eNB1-eNB2 X2 is overloaded and therefore will select c7 instead of c5, resulting in better overall performances, even if UE measurements are better for c5. Alternatively another CoMP category (e.g. Coordinated Scheduling CoMP – CS CoMP) including c5 and requiring less X2 bandwidth can be chosen.
Observation 1: X2 TNL performances have an impact on the overall CoMP performances. Therefore the CoMP Cooperating set or Transmission Points should be selected according to a list of parameters including X2 load and X2 latency.

Variation rate of the spatial structure of the channel


Figure 3: Selection of the slower time-varying MIMO channel
In this use-case (see Figure 3) we assume that c1, c5 and c6 actively transmit to the UE (CoMP TPs). These active TPs have been chosen based on the measurements provided by the cells in the measurement set (e.g. to reach a signal to interference plus noise ratio (SINR), or a target data rate). Let’s assume c1 is the serving cell of a given UE since it can provide the highest average received signal power, and additionally if either c5 or c6 can be grouped with c1 to meet the target. In such a case, it is beneficial to have a criterion to decide which cell has the priority to be grouped with c1. During the operation of CoMP, the UE will have to report detailed channel measurements such as channel state/statistical information or narrow band SINR for the cells that carry out cooperative transmissions. Furthermore the environment/scattering conditions between a given UE and different eNBs are different, and therefore the arrival paths are different and the UE’s velocity influence on the paths are different (different Doppler spectrums with respect to different cells). For FDD systems, the amount of channel information needed to be fed back increases linearly with the number of cooperating cells, which will be a heavy burden for uplink channel. If there exist multiple cells that are able to provide a certain CoMP gain, in order to reduce the feedback overhead needed during the operation of CoMP, the selection of the CoMP cooperating set can be achieved by selecting the cells that have slower time-varying MIMO channels. This parameter is periodically monitored, thereby if the time variation conditions of TPs have changed, the grouping choice can dynamically change for a new TP (i.e. with a slower time-varying MIMO channel) provided that the selected cells are still both eligible to provide the required CoMP gain. In this use-case, the proposed selection method is applied on top of the CoMP gain evaluation procedure. Alternatively, the cell grouping decision can be made using the criterion that is the weighted combination of the criterion used for the CoMP gain evaluation procedure and the time-varying MIMO channels.
Observation 2: It is beneficial for signaling and performances to select the cooperating set according to the variation rate of the spatial structure of the channel

Average (mid-term to long-term) signal-strength measurements
This use-case has a similar starting point than the previous one, and therefore Figure 3 can be used to illustrate it. In the previous use-case we discussed that over 2 cells (c5 and c6) which can both reach the target QoS if grouped with c1, the one with slower time-varying MIMO channel will be selected. In the following use-case we take the same assumption for c5 and c6, but the cooperating TPs are chosen according to mid to long-term measurements. Mid to long-term measurements are more appropriate since frequent cell selection (if short term measurement are used) would result in increased signalling overhead between the serving evolved Node-B (eNB) and the UE, because the Layer 1 feedback required during multi-cell MIMO operation would have to be re-configured. In addition, frequent cell selection would also increase signalling on the X2 interface required for inter-eNB coordination. Therefore it would be beneficial to use mid to long-term measurements to select the active TPs.
Observation 3: It is beneficial for signaling and performances to select the cooperating set according to mid to long-term measurements


Conclusion and proposals
The above SON for eCoMP uses-case show different methods to improve CoMP sets creation.
Observation 1: X2 TNL performances have an impact on the overall CoMP performances. Therefore the CoMP Cooperating set or Transmission Points should be selected according to a list of parameters including X2 load and X2 latency.
Observation 2: It is beneficial for signaling and performances to select the cooperating set according to the variation rate of the spatial structure of the channel
Observation 3: It is beneficial for signaling and performances to select the cooperating set according to mid to long-term measurements
Proposal: RAN3 to discuss and include the above use-cases in the TR
References
[1]	RP-161181, New SI: Study on SON for eCoMP for LTE
[2] R3-161928, Consideration on CoMP set formation, Fujitsu
[3] R3-162030, Problem statement and related use-cases for SON for eCoMP, Nokia, Alcatel-Lucent Shanghai Bell
[4] 3GPP TR 36.819, Coordinated multi-point operation for LTE physical layer aspects
9

2

image2.emf
1 -CoMP cooperating set

3 -CoMP transmission points

2 – Measurement set

c1

c2

c4

c7

c6

c5

c3

eNB3

eNB1

eNB2

X2 overload 


oleObject2.bin

image3.emf
1 -CoMP cooperating set

3 -CoMP transmission points

2 – Measurement set

c1

c2

c4

c7

c6

c5

c3

eNB1

eNB2

eNB3

c5 and c6 can both reach 

the SINR target


oleObject3.bin
c5 and c6 can both reach the SINR target



image1.emf
1 -CoMP cooperating set

3 -CoMP transmission points

2 – Measurement set

c1

c2

c4

c7

c6

c5

c3

eNB1

eNB2

eNB3

X2 overload 


oleObject1.bin

