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1. Introduction


Some brief discussions regarding potential information to be shared over X2/Xn interface for CoMP took place in RAN1 #74. In this contribution, we discuss selection of the listed possible signals to be exchanged and related CoMP techniques. A summary of possible signaling [1] is provided as follows:
· Coordination of configuration:

· NZP-CSI-RS resources

· ZP-CSI-RS resources

· DMRS sequences

· SRS configurations
· Requests for resource and/or power restrictions
· Requests for precoding restrictions
· Information about intended resource and/or power usage
· Information about intended precoder usage
· RNTP enhancements such as:
· Multiple TX power thresholds

· Possibility to request changes to another node’s frequency-domain power map
· Indication of potential degradations (e.g. interference level or CQI degradation) that may arise if another node uses certain resources or precoders)
· CSI (e.g. long-term averaged or statistical properties), including one or more of:

· CQI

· PMI

· RI

· RSRP

· Interference
2. Discussion of Shared Information for CoMP

For CoMP with non-ideal backhaul, it will be important to have some flexibility in the implementation of CoMP techniques. Most effective CoMP techniques may be different depending on scenarios. At the same time, we should not define and support all possible information signals that can be shared among eNBs. Having too many options of signaling will lead to fragmentation of the implemented technology and will hinder CoMP deployments. Therefore, it is important to identify a set of signals that are commonly used among various CoMP techniques, and further discuss how to support various CoMP schemes (that is agreeable in RAN1) on top of a common set of signals.
2.1 Measurement Related Information

Measurement related information includes CSI that is reported by the UE and parameters to configure CSI-RS processes. In all CoMP techniques discussed in RAN1 #74, it is clear that CoMP cannot simply operate without measurement feedback from the UE. For example, if the UE cannot measure CSI of neighboring cells, there would be no basis for the eNBs to perform coordination. On the other hand, sharing the actual reported CSI is unnecessary and should be avoided due to the many possible ways it can be used in different CoMP algorithms. Especially for inter-vendor CoMP, it is not clear what each eNB will do with the reported CSI and this will likely result in inconsistent behaviors among coordinating cells.

What is commonly essential to all CoMP techniques discussed is not the reported CSI but the CSI-RS process configuration information. CSI-RS process information consists of CSI-RS port configuration, ZP-CSI-RS configuration, and CSI-IM configuration. The following table provides a discussion of parameters related to CSI-RS configuration.
	CSI-RS Process Component
	Discussion

	CSI-RS ports
	Absolutely necessary to share among coordinating eNBs. Information is conveyed to UEs in each cell so that UEs can make proper measurements.

	ZP-CSI-RS
	The main purpose of ZP-CSI-RS is to aid measurement of CSI-RS in neighbor cells. Once a cell receives information on the CSI-RS configuration of other cells, it can configure ZP-CSI-RS on REs corresponding to neighbor cell CSI-RS.  Therefore, it is not clear if there is a need to exchange information regarding ZP-CSI-RS.

	CSI-IM
	Although CSI-IM is configured as a subset of ZP-CSI-RS REs, the goal of the CSI-IM is different from that of ZP-CSI-RS. CSI-IM is used to measure CoMP interference. Therefore, cells may need to coordinate on the exact locations of CSI-IM REs so that the UEs can correctly measure and interpret the interference level during CSI computation.


Note that for channel reciprocity based CoMP techniques, SRS configuration may also need to be exchanged. Further aspects on channel reciprocity based CoMP techniques will require further study. 
Based on the above observations, we propose the following:

Proposal 1: Share CSI-RS configuration and CSI-IM configuration.
Proposal 2: FSS on whether to share ZP-CSI-RS configuration.
2.2 Scheduling Decision Related Information


Scheduling decision related information may include: resource allocation information, transmit power (possibly for each RB), and the actual transmit precoding information. Note that depending on the CoMP scheme, the actual use of this information may be different. In addition, scheduling decision related information should also include a “time constant” over which the scheduling decision is valid for. For example, transmit power time constant may refer to a scheduling decision that can be informed to other eNBs of the committed transmit power for a specific time duration. Because of the uncertain latency of the X2/Xn interface, it would be difficult for eNBs to coordinate without specifying the time constant of a scheduling decision.
The following table provides a discussion of information related to scheduling decisions.

	Scheduling Decision Component
	Discussion

	RB allocation /Transmit Power
	RB allocation information and transmit Power of an RB is inherently tied together. If an eNB informs another eNB that a certain RB will be occupied (i.e. allocated) this implicitly gives information that some transmit power will be present in the RB. Thus it may be logical to tie the RB allocation related information with transmit power (similar to how RNTP is defined).
Although it may be possible to also share information on which UE is expected to occupy the resource, this is not essential. The bottom line is that the signal itself (i.e. transmit power) affects interference to other UEs and not the intended recipient of the signal.

	Precoding
	There can be two types of precoding information, passive and active.
· Passive precoding information is sent to inform the precoding to be used. It may not be necessary to inform the actual precoding coefficients. Instead informing that the precoding on a particular resource will not change for a specified period may be enough for certain CoMP schemes.
· Active precoding information is sent to request certain precoding matrices to be used or not to be used in another cell. In this case, the actual precoding matrix coefficients or PMIs to be white-listed or black-listed may be shared.
Depending on the CoMP scheme, both passive and active precoding information may be needed.

	Decision Time Constant
	This information informs about the time duration over which the scheduling decision is valid. Typically, it will be combined with RB allocation/transmit power information and precoding. Note that time constant for RB allocation/transmit power and precoding may be different.
Most likely this information will be critical as this will allow eNB to coordinate in a semi-static manner which is essential for non-ideal backhaul CoMP.


While the detailed definition and the usage of the scheduling decision information needs further discussion. Informing the decision time constant along with the scheduling information seems to be the key enabler for semi-static CoMP operations. Based on above observations, we propose the following:
Proposal 3: Along with scheduling decision information, share the “time constant” over which the coordinated scheduling/beamforming is valid for.
3. Conclusion


In this contribution, we discuss information that may be shared among eNB for CoMP operations. Based on the discussions, we propose the following to be agreed to further progress the SI.
Proposal 1: Share CSI-RS configuration and CSI-IM configuration.

Proposal 2: FSS on whether to share ZP-CSI-RS configuration.

Proposal 3: Along with scheduling decision information,  share the “time constant” over which the coordinated scheduling/beamforming is valid for.
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