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1. Introduction
In RAN3#85, a discussion on exchange of CSI was initiated based on [1] and preliminary agreements were reached in RAN3#85bis [2]. 
In the following we provide our views on CSI and eRNTP exchange, as well as text proposals containing the required message structures.
2. Discussion

2.1	CSI exchange: Configuring CSI processes

The concept of CSI processes was defined in Rel.11 to enable CSI feedback from a UE to its serving eNB. The CSI feedback  is determined for each CSI process according to the  serving TP and interference hypothesis configured in that process. . Each CSI process that is configured for a UE, comprises of a set of resource elements on which  non-zero power CSI-RSs are sent and a channel estimate is obtained by that UE using observations received on those resource elements. 
In addition, a set of resource elements is also indicated by the CSI process (referred to as interference measurement resources (IMRs)) on which the UE estimates the covariance of the interference it observes. The channel and covariance estimates are together used by the UE to determine and send its feedback report corresponding to that CSI process. Multiple such CSI processes (up-to 4) can be configured for a UE, each process corresponding to a different choice of signal or interference hypothesis. Moreover, in the scenario in which  fast switching of the serving TP is not possible,  different CSI processes that are configured for any given UE typically correspond to different choices of interference hypothesis. 
Note from the brief discussion above that in the event the interference hypothesis of a configured CSI process presumes muting from a TP (that is a dominant interferer for the UE of interest) which is controlled by the neighboring eNB, coordination among the eNBs is required in order to ensure that the interference estimated by the UE on the constituent IMRs is consistent with the assumed hypothesis. Another similar event that requires coordination is if the non-zero power CSI-RSs indicated in the CSI process must be interference protected in order to ensure reliable channel estimation at the UE. In both these events, the dominant interferer that is controlled by the neighboring eNB must be muted on certain resource elements. Thus, a mechanism (with appropriate signaling) should be available to share the CSI-RS (comprising of non-zero power CSI-RSs and IMRs) configurations between eNBs, which would facilitate configuration of CSI processes across multiple eNBs. 
 
Once the CSI processes are configured, the CSI exchanged among eNBs should  include the respective CSI process configuration information, in order to convey the conditions under which the CSI was measured by the UE. This configuration information includes non-zero power CSI-RS information and IMR   information (comprising of the subframe indices and zero-power CSI-RS information). Since this configuration is anyway informed to the UE via RRC signaling, the same information can be reused as a container to convey the configuration to the neighboring eNB. 
Another way of conveying this configuration information is through a look-up-table. A look-up-table mapping an index to one or more distinct applied CSI process configurations can be constructed for each eNB. Here, by an applied CSI process we mean a process that is used by at-least one served UE to measure its CSI. Such a table can be exchanged among neighbors first and from then on the configuration information can be exchanged via indices.  The total number of configurations in the table can be limited in order to limit signaling overhead. 


2.2	CSI exchange: Contents


One eNB can send CSI report pertaining to one or more of UEs to a neighboring eNB. For each UE, the CSI that the eNB sends to a neighbor can comprise of:
(i) CQI: up-to 2 CQIs, each including a wideband component and possible sub-band differential components
(ii) RI: one wideband component

We note that the PMI was excluded from the CSI exchange report [1]. The justification for this exclusion was to minimize the overhead and the fact that PMI can depend on fast changing channel information, thus reducing its utility over non ideal backhaul with a higher latency. However, in the absence of PMI the use of RI is limited. Indeed, any rank greater than 1 will convey only 2 CQI(s), one for each of the two codewords. No further information about the (average) spatial directions seen by that UE can be deduced by the eNB receiving the report. As a result, reporting the RI should be made optional. Moreover, the eNB requesting the CSI report should be able to specify whether or not it would like to receive RI reports. Similarly, the eNB requesting the CSI reports should be able to specify whether or not it requires subband specific CQI reports. This can be achieved by setting a bit (in the measurement request) to be 0 if rank is not requested and 1 otherwise. Another bit can be set to 0 if subband CQIs are not requested and 1 otherwise. 

Processing (filtering) of the short-term CSI (received via over-the-air signaling) at an eNB prior to exchange should be permitted. 
One use case for this is when the periodicity of the CSI report that is requested by eNB1 to eNB2, is larger than the over-the-air CSI signaling periodicity configured by eNB2. In this case eNB2 has to do some processing (such as subsampling or averaging) of the reports it receives before it sends it to eNB1.


One of the key goals of CSI exchange is to facilitate centralized RRM [3]. In a scenario with centralized RRM, the central node receiving the CSI reports should be able to keep track of the CSI information received for each particular UE, over all the received CSI reports. This can be achieved by including a UE identifier in each CSI report for each UE whose CSI is conveyed in that report. It is beneficial to include a unique ID for each user so that the receiving node knows which ones among all the reports that it receives, belong that user. This will be useful for RRM. Otherwise the receiving eNB will regard each received report as belonging to a distinct user which can lead to sub-optimal resource allocation.



 
2.3	eRNTP exchange

Our view on eRNTP exchange is captured in a corresponding text proposal attached in the end of this contribution.
We note that the RNTP (i.e., downlink (DL) power restriction) for the first subframe (subframe #0) is always conveyed. If no information about the DL power restriction on any subsequent subframe is conveyed, then the one conveyed for the first subframe can be assumed to remain static (i.e., applicable over subsequent subframes).   

3. Conclusion

In this contribution we discussed the necessary X2 message to support CSI and eRNTP exchange for  inter-eNB CoMP and presented corresponding text proposals. 
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Text Proposal:


[bookmark: _Toc382600479]9.1.2.11	RESOURCE STATUS REQUEST
This message is sent by an eNB1 to a neighbouring eNB2 to initiate the requested measurement according to the parameters given in the message. 
Direction: eNB1  eNB2.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	C-ifRegistrationRequestStop
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	YES
	ignore

	Registration Request
	M
	
	ENUMERATED(start, stop,
…)
	A value set to “stop”, indicates a request to stop all cells measurements.
	YES
	reject

	Report Characteristics
	O
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates measurement object the eNB2 is requested to report.
First Bit = PRB Periodic,
Second Bit = TNL load Ind Periodic,
Third Bit = HW Load Ind Periodic,
Fourth Bit = Composite Available Capacity Periodic, this bit should be set to 1 if at least one of the First, Second or Third bits is set to 1,
Fifth Bit = ABS Status Periodic, Xth Bit = UE-CSI Periodic.
Other bits shall be ignored by the eNB2.
	YES
	reject

	Cell To Report
	
	1
	
	Cell ID list for which measurement is needed
	YES
	ignore

	>Cell To Report Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI
9.2.14
	
	–
	–

	Reporting Periodicity
	O
	
	ENUMERATED(1000ms, 2000ms, 5000ms,10000ms, …)
	
	YES
	ignore

	Partial Success Indicator
	O
	
	ENUMERATED(partial success allowed, ...)
	Included if partial success is allowed
	YES
	ignore

	CSI Measurement Report type


	O
	
	BITSTRING (SIZE(2))
	Each position in the bitmap indicates the type of CSI measurement to report.
First bit=Rank, 
Second bit=subband CQI.
	YES
	ignore

	Reporting Periodicity of CSI Measurement Report


	O
	
	ENUMERATED(5ms, 10ms, 20ms,40ms, 80ms, aperiodic, ...)
	Periodicity for CSI Measurement Report Periodic
	YES
	ignore



	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.



	Condition
	Explanation

	ifRegistrationRequestStop
	This IE shall be present if the Registration Request IE is set to the value “stop”.




9.1.2.14	RESOURCE STATUS UPDATE 
This message is sent by eNB2 to neighbouring eNB1 to report the results of the requested measurements.
Direction: eNB2  eNB1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	YES
	reject

	Cell Measurement Result
	
	1
	
	
	YES
	ignore

	>Cell Measurement Result Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI
9.2.14
	
	
	

	>>Hardware Load Indicator
	O
	
	9.2.34
	
	
	

	>>S1 TNL Load Indicator
	O
	
	9.2.35
	
	
	

	>>Radio Resource Status
	O
	
	9.2.37
	
	
	

	>>Composite Available Capacity Group
	O
	
	9.2.44
	
	YES
	ignore

	>>ABS Status
	O
	
	9.2.58
	
	YES
	ignore

	>> UE-CSI Report
	O
	
	9.2.x1
	
	YES
	ignore



	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.



[bookmark: _Toc382600527]9.2.x1	UE-CSI Report 
This IE provides UE-CSI information for a set of UEs served by eNB2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	UE subset CSI Report
	
	1 .. <maxUEsubsetCSIReport>
	
	

	>C-RNTI

	M
	
	BIT STRING (SIZE (16))
	ID of the UE served by the cell in eNB2.
Defined in TS 36.331.

	>UE-CSI process information
	
	1 .. <maxUE-CSIprocess>
	
	

	>>Rank Indicator

	O
	
	BIT STRING (SIZE (3))
	The rank indicator is present only if it is requested  in the associated request.
Cf. TS 36.213 [7.2.3].

	>>Wideband CQI For Codeword 0
	M
	
	BIT STRING (SIZE (4))
	Cf. TS 36.213 [7.2.3].

	>>Wideband CQI For Codeword 1
	O
	
	BIT STRING (SIZE (4))
	Cf. TS 36.213 [7.2.3].

	>>Subband CQI List

	
	0..<maxCQISubbands >
	
	0 indicates no subband CQI, which is always chosen if associated request does not want subband CQI

	>>>Subband CQI for codeword 0
	O
	
	BIT STRING (SIZE (2))
	Cf. TS 36.213 [7.2.3].

	>>>Subband CQI for codeword 1
	O
	
	BIT STRING (SIZE (2))
	Cf. TS 36.213 [7.2.3].

	>>UE-CSI process Configuration information
	M
	
	FFS
	CSI process configuration information.



	Range bound
	Explanation

	maxUEsubsetCSIReport
	Maximum UE subset size for which UE-CSI can be reported. The value is 32.

	maxUE-CSIProcess
	Maximum number of CSI processes per-UE. The value is 4.

	maxCQISubbands
	Maximum number of subbands for UE CQI reporting. The value is 28.




[bookmark: _Toc398916781]9.2.19	Relative Narrowband Tx Power (RNTP)
This IE provides an indication on DL power restriction per PRB in a cell and other information needed by a neighbour eNB for interference aware scheduling.


	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	RNTP Per PRB


	M
	
	BIT STRING (6..110, …)
	Each position in the bitmap represents a nPRB value (i.e. first bit=PRB 0 and so on), for which the bit value represents RNTP (nPRB), defined in TS 36.213 [11]. 
Value 0 indicates "Tx not exceeding RNTP threshold". 
Value 1 indicates "no promise on the Tx power is given". 
This IE is used to indicate DL power restriction per PRB for the first subframe.  In case the DL power restriction is static, the indicated DL power restriction is maintained over the subsequent  subframes.
	–
	–

	RNTP Threshold
	M
	
	ENUMERATED (-∞, -11, -10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, …)
	RNTPthreshold is defined in TS 36.213 [11].
	–
	–

	Number Of Cell-specific Antenna Ports 
	M
	
	ENUMERATED (1, 2, 4, …)
	P (number of antenna ports for cell-specific reference signals) defined in TS 36.211 [10]
	–
	–

	P_B
	M
	
	INTEGER (0..3, …)
	PB is defined in TS 36.213 [11].
	–
	–

	PDCCH Interference Impact
	M
	
	INTEGER (0..4, …)
	Measured by Predicted Number Of Occupied PDCCH OFDM Symbols (see TS 36.211 [10]).

Value 0 means "no prediction is available".
	–
	–

	Extended RNTP Per PRB 
	O
	
	BIT STRING (6..4290, …)
	
Each position in the bitmap represents a PRB in a subframe, for which value “1” indicates ‘interference protected resource’ and value “0” indicates ‘resource with no utilization constraints.’
The first bit corresponds to PRB 0 of the first  subframe for which the extended RNTP per PRB IE is valid, the second bit corresponds to PRB 1 of the first  subframe for which the extended RNTP per PRB IE is valid, and so on.


The length of the bit string is an integer (maximum 39) multiple of .  is defined in TS 36.211 [10].
The bit string may span across multiple contiguous subframes.
The pattern across contiguous subframes (formed by RNTP per PRB and extended RNTP per PRB) is continuously repeated.





	
	

	Starting SFN
	O
	
	INTEGER (0..1023, …)
	Number of the first system frame from which the RNTP Per PRB IE is valid.
	
	

	Starting Subframe Index
	O
	
	INTEGER (0..9, …)
	Index of the first subframe from which the RNTP Per PRB IE is valid.
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