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1. Introduction
The Small Cell TR 36.932 ‎[1] indicates a number of characteristics which differentiate the small cell operation from the legacy macro cells:

Traffic: “In a small cell deployment, it is likely that the traffic is fluctuating greatly since the number of users per small cell node is typically not so large due to small coverage.”
Deployment density: “in some scenarios (e.g., dense urban, large shopping mall, etc.), a lot of small cell nodes are densely deployed to support huge traffic over a relatively wide area covered by the small cell nodes.”

In this contribution are discussed the applicability of the existing measurements and are proposed coordinated inter-cell CSI measurements and fast CQI measurements.

1. Background
An example of the SINR distribution in different small cell scenarios, based only on geometry (see ‎[2]), is reproduced in Figure 1:
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Figure 1 SINR geometry distribution Source: R1-130946 ‎[2]
The very low SINR indicate a high inter-cell interference level, which could be resolved mainly by orthogonal time-frequency resource allocations; the scheduling itself will reflect the bursty traffic characteristics for a reduced number of users.

The frequently used measurement for rate adaptation, CQI, appears to be inadequate to fast traffic changes, given its definition including “un-limited observation time”. CQI will have the tendency of inaccurate pessimistic assessments, as CSI-RS may be transmitted with high power in the absence of data, reducing the achievable data rate.

The fluctuating traffic will require fast coordination of used time-frequency resource, while the high inter-cell interference will require almost orthogonal resource allocations, by fast “blanking” of some of the transmissions, as was shown in Samsung’s contributions [3] and [4]. In such a case the existing CQI measurements based on “un-limited observation time” and a target minimum error do not make sense.
Observation 1: The low SINR and the bursty traffic favourite the fast orthogonal resource allocation. 
Observation 2: The existing definition of the CQI measurement is not suitable to bursty traffic and fast orthogonal resource allocation.
2. Introduction of Fast CQI

A possible solution is the introduction of “Fast CQI” measurements, in which the UE will provide feedback based on a short measurement interval, to be defined as a parameter in the new Fast CQI information element. In this way the serving eNB will have the possibility, based on the reported ‘Fast CQI” values, of making its own assessment of the actual MCS (modulation and coding scheme) to be used. The existing error condition in the CQI definition should be removed. Another option is to reset the UE-specific CQI assessment history, such that the assessment will be done between the reset moment and the first report.
Proposal 1: It is proposed to introduce the “Fast CQI” reporting by UE, having as parameter the measurement interval
Proposal 2: it is proposed to reset the UE-specific CQI assessment history.

Proposal 3: it is proposed that RAN1 will further evaluate the advantages of “Fast CQI”.

3. Support of coordinated CSI assessment within a CSI-IM resource
The interference assessment using zero-power CSI-RS is an efficient measurement which can be used for determining the CSI when different eNBs are active during the CSI-IM resource. A simple example is the case when a UE served by eNB1 is measuring CSI, while the CSI-RSs for eNBs not transmitting data (for example eNB3, eNB5, should transmit the CSI-RS with zero power. All the other eNBs influencing the CSI results should transmit the CSI-RS at high power.
An enhancement of the existing procedures will be to adjust the non-zero power CSI-RS to a power level corresponding to the data transmission power. In this way the CSI Report will reflect the real cumulated interference perceived by the UE. 
The usage of the CSI-IM should be coordinated and synchronised (if the small cells are synchronised) between eNBs.

The coordination should be done through a X2AP or a management message, including in addition to the existing Radio Resource Control information elements in TS36.331 also the eNB identity, usage of full power or zero-power CSI-RS per eNB, time of measurement start, time of measurement end, request for a special power setting, etc.
Proposal 4: X2AP should be enhanced to support collaborative CSI measurement in dense deployments
Proposal 5: X2AP should be enhanced to allow power settings of CSI-RS for matching a given level of data transmission power.
3.1. Micro-clusters in support of collaborative CQI assessment

The micro-cluster is eNB centric, as each eNB detects the identity of the strongest interferes, either using the embedded DL Receiver or the reports from the served UEs.

Fast communication within a micro-cluster may be provided by the MP-MP communication over the air (OTA MP-MP).

As an eNB may belong to two micro-clusters, that eNB may forward X2AP messages to eNBs outside the initial micro-cluster.
In the example in Figure 2, are shown four micro-clusters formed by the small cells eNBs (SCeNB). Each micro-cluster includes the following eNBs:

· SCeNB1 micro-cluster: MeNB, SCeNB2, SCeNB3

· SCeNB3 micro-cluster: MeNB, SCeNB1, SCeNB4

· SCeNB4 micro-cluster: MeNB, SCeNB3, SCeNB5, SCeNB6

· SCeNB5/SCeNB6 micro-cluster: SCeNB4, SCeNB5, SCeNB6.
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Figure 2  Examples of micro-clusters

3.2. MP-MP X2 OTA communication

The MP-MP communication for X2AP transmission can be provided by a number of UEs collocated with each eNB in the network. In case two such transmissions are scheduled per UL frame, the latency is max. 5ms.

For connecting two eNBs by OTA direct communication and for selecting the TTI and the PRBs for collocated UE scheduling are needed changes to TS 36.423 ‎[5].

For avoiding the PUCCH operation during the transmissions of the collocated UEs it is beneficial the delay and concatenation of the HARQ feedback in the active UL subframes.

Note that MP-MP OTA communication is also beneficial for Dynamic ICIC, as presented in the companion contribution R2-131752[6].

Proposal 6: The relevant standards maintained by RAN1 should be enhanced with the concatenation of the HARQ feedback in the active UL subframes.
4. Conclusions
In conclusion, we make the following proposals related to CSI measurements:

Proposal 1: It is proposed to introduce the “Fast CQI” reporting by UE, having as parameter the measurement interval
Proposal 2: it is proposed to reset the UE-specific CQI assessment history.

Proposal 3: it is proposed that RAN1 will further evaluate the advantages of “Fast CQI”.

Proposal 4: X2AP should be enhanced to support collaborative CSI measurement in dense deployments.
Proposal 5: X2AP should be enhanced to allow power settings of CSI-RS for matching a given level of data transmission powers.
Proposal 6: The relevant standards maintained by RAN1 should be enhanced with the concatenation of the HARQ feedback in the active UL subframes.
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