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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. 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
In this contribution, we discuss issues related to signaling needs between eNBs.
2
Some practical matters in further discussion of signaling design.
There has been some discussion in RAN1 on what aspects should RAN1 focus on and what aspects should be left up to RAN3. It is our understanding is that RAN1 determines what information needs to be shared among eNBs and it is up to RAN3 to take that information to develop the actual signaling IEs and protocol associated with conveying such information. However, it should be noted that for some CoMP operations, it may be difficult to have a crystal clear cut of what constitutes as RAN3 duties and RAN1 duties as information that needs to be shared may depend on coordination architecture.
It is the two way signalling that differentiates CoMP from ICIC. The existing X2 related signalling already enables eNBs to echanges information on their experienced interference situation and upcoming transmission power decisions, that is the RNTP, as it conveys maximum intended EPRE ratio on some RBs and make no promise on other RBs. The receiving eNB may or may not take these informations into account. In CoMP, the purpose is to cooperate, thus different kind of procedure may be thoughed of. 

For example, eNBs may share explicit CSI information or some derivative information and receive a decicion pattern on a CoMP operation. The explicit CSI information also enables C/I scheduling decisions to be made. For PF scheduling, also buffer status needs to be shared. This kind of operation may be performed by pairs of eNBs or by a central node (that may be one of the eNBs) to a clusters of eNBs. If one entity makes the scheduling decisions for a pair or a group of eNBs, all transmission is delayed at least twice the backhaul delay as the scheduling decisions need to be communicated after derivation. If only decision pattern on a CoMP operation is shared as a result of first providing explicit or derivative CSI information, the eNBs may perform their own scheduling and thus the scheduling itself is not delayed due to the information exchange over the backhaul. However, the decision pattern is then derived based on different feedback than the actual scheduling. The delay difference between the calculation of the feedback for deriving the decision pattern and the calculation of the feedback used for the actual scheduling is again at least twice the backhaul delay. As the decision pattern is derived based on old information, this kind of operation could be compared to random but fair muting patterns that are shared among eNBs. 
RAN1 should make a decision on which is the level that information is exchanged, CSI derivative, explicit CSI or explicit CSI and additional information, or scheduling metrics derived from explicit CSI and for example scheduling history or buffer status. Also load information can be exchanged and the decision pattern for CoMP may also depend on that. In the end, if random but fair patterns prove comparable in performance, CSI exchange or other initial information is not needed at all.    

The assumption on cooperation and the two way signalling needs definition of the procedure of how a certain exchanged information, like explicit CSI or a CSI derivative, is interpreted and how it is used when derived the resulting CoMP decision patterns. The enitity receiving the pattern should be able to believe that the pattern has been derived according to certain principles.If all CSI is exchanged, that is RI, PMI and CQI, and the eNB has an option to derive coordinated beamforming or muting related CoMP decision pattern, the selected CoMP scheme could be deduced from the actual received pattern. 
Observations:

· RAN1 should focus on defining what information needs to be shared, and let RAN3 focus on defining the actual signaling IEs and its protocol. 
· However, RAN1 should also recognize that some information definitions may be based on certain protocols and/or how the information is processed at the eNB, thus it would be impractical to completely cut out these aspects during our discussion for determining signaling needed for CoMP with NIB. 
Proposals: 
· The information that is shared for a two way procedure should be interpreted and processed in a defined way such that the receiving eNB may trust the CoMP decision pattern.
· The CoMP decision pattern should implicitely or with added signalling, describe the CoMP operation selected by the other eNB or central entity, and the CoMP operation expected from the receiving eNB.
Furthermore, we believe it should be made clear in RAN1 that any signaling design work for CoMP with NIB should address inter-vendor cooperation. Intra-vendor cooperation can always rely on non-standardized signaling to convey information and cooperate between the eNBs, thus no specification effort is needed. Note that we recognize that it should be up to operators and vendors on the actual deployment and cooperation architecture they wish to deploy or implement. 

Proposal : 
· RAN1 should focus on signaling design (i.e. agree on what information needs to be shared) for CoMP with NIB that address inter-vendor cooperation.

3
Discussion of signaling design for CoMP with NIB

In practice the most effective CoMP techniques may be different depending on deployment scenarios. Therefore, we should consider some flexibility in the implementation of CoMP techniques such that the standardized signalling could support multiple CoMP schemes. 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.
3.1 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, in order to make a muting decision, a UE needs to provide CQIs reflecting different muting assumptions. For coordinated beamforming, the UE may need to be able to estimate the channel from the interfering BS to provide corresponding PMI.

What is commonly essential to all CoMP techniques discussed is 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 Table 1 provides a discussion of parameters related to CSI-RS configuration. In the discussions we assume that cell #A is the cell sharing the described information and cell #B is the receiving the described information.

Table 1 Need of coordination for parameters related to the CSI-process

	CSI-RS Process Component
	Cell #A is the cell sharing the described information and 
cell #B is the receiving the described information.



	NZP-CSI-RS 
	For semi static coordinated beamforming (SSCB) channel measurement from NZP-CSI-RS of cell#B is needed to estimate PMI feedback. For semi static point selection (SSPS), also CQI needs to be calculated for cell#BIn addition, cell #B may configure ZP-CSI-RS to improve the NZP-CSI-RS measurement performance of cell#A.

	ZP-CSI-RS
	The main purpose of ZP-CSI-RS is to aid measurement of CSI-RS in neighbor cells. Cell #B receives information on the CSI-RS configuration of cell #A, it can configure ZP-CSI-RS on REs corresponding to cell #A’s CSI-RS. Thus ZP-CSI-RS information may not be necessary.

For different muting assumptionscell #B may require the position of the ZP-CSI-RS so that they may configure the CSI-IM on top of cell #A’s ZP-CSI-RS to let UEs measure. correct interference

	CSI-IM
	In case a CoMP scheme relies of multiple CQI assumptions, Cell #A needs to coordinate on the exact locations of CSI-IM REs so that cell #B can emulate appropriate interference. This would allow UEs in cell #A to correctly measure interference that is applicable for a given CoMP scheme.


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 discussion and study. Also note that SSPS requires the data to be available at both points and changing the point causes some interruption to the data transmission depending on the backhaul delay. This should be taken into account when considering feasibility of SSPS.
Observations:

· CSI-IM and/or ZP-CSI-RS configurations needs to be shared and cooperated in order to realize correct measurements for CoMP CQIs for schemes that require or benefit from multiple interference assumptions.

· Those schemes are identified as point muting (PM), semi static point muting SSPM and possibly SSCB

· For SSPS, and SSCB, the NZP-CSI-RS of the cooperating point needs to be known and configured to the UE.
· For improving channel measurement quality, sharing NZP-CSI-RS is beneficial.
Based on the above observations, we propose the following:
Proposals:

· Share NZP-CSI-RS and at least CSI-IM and/or ZP CSI-RS configurations among eNBs.
2.2 Scheduling decision related information


Non-ideal backhauls are links that have limited capacity (throughput) and that results in some delay/latency while transferring information. Unlike the simulation assumptions made for the purpose of evaluations, the latency (or the delay) of the information being transferred over the NIB may not be constant. Furthermore, it may be difficult to predict the exact delay of the information transferred. Because of this eNB may not be able to always rely on some information received as it will be difficult to guess how long such information is valid for.


Therefore we propose that some scheduling decision related information (e.g. resource allocation, transmit power, transmit precoding) shared among eNBs should also include “time constant” over which the scheduling decision may be valid for, especially for the semi static schemes, where certain CoMP transmission assumptions are ment to stay constant over a time period. 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 or specified time duration. One possibility of the time constant may be that this is simply infinite or zero and eNBs can consider such information as instaneous information and valid until a new update is received.
Proposal:

· Along with some scheduling decision information, share or define the “time constant” over which the scheduling decision is valid for.

3 
Conclusions

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.
Proposals:
· Share NZP-CSI-RS and at least CSI-IM and/or ZP CSI-RS configurations among eNBs.
· Along with some scheduling decision information, share or define the “time constant” over which the scheduling decision is valid for.
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