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1. Introduction
In RAN3#85, a discussion on exchange of CSI was initiated based on [1] and agreements have been reached in RAN3#87. 
In the following we provide our views on CSI exchange, as well as text proposals containing the required message structures.
2. Discussion
2.1	CSI exchange: Configuring CSI processes
From the discussion provided in [3,4] it is evident that coordination among the eNBs is required in order to define a set of assignable CSI processes that have a consistent meaning. Once the set of these CSI processes is defined, 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 should include CSI-RS-ConfigNZP [36.331b,  Section 6.3.2] and CSI-IM-Config [36.331b,  Section 6.3.2]. We note here that doing so would enable exchange of per-point CSI process configuration (under which the UE estimates RS from any one point in its measurement set while the associated IMR measures the out of CoMP set or out of cluster interference). If one such process is sent to a receiving eNB for each point in that UE’s measurement set, any interference hypothesis for that UE can be emulated by  receiving eNB. This can indeed mitigate the bottleneck pointed out in [3]. One 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 reports pertaining to one or more of its 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 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 (eNB1) 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.  In this context, we note that since the requesting eNB has no control over how the sending eNB (eNB2) configures CSI processes (and constituent feedback modes) for its users, it should be in any case able to exploit different type of CSI reports (wideband only or wideband and subband). 

Proposal: Include optional IE in resource status request indicating whether RI and/or subband CQI should be sent in the the resource status response message.

Implementation based processing of the short-term CSI (received via over-the-air signaling) by the sending eNB, prior to CSI exchange has been agreed. In this context, we believe that reporting full (complete) CQI (with 16 possibilities), where each such CQI follows the definition of a 4 bit CQI (Cf. TS 36.213), for each indicated subband instead of differential CQI is useful. This has main two advantages. It allows the sending eNB full freedom in obtaining these CQIs.  Indeed, it is desirable to not impose restrictions  on sending eNB2 on how it processes or combines reports  from multiple different feedback modes configured for a UE under the same CSI process. Secondly, the receiving eNB can be agnostic to the configured feedback modes. This latter point is important because when aperiodic feedback mode  3-1 is configured for the UE (by eNB2),  the UE reported sub band CQI is encoded differentially with respect to the corresponding wideband CQI using 2 bits representing differential values {-2, 0,1,2}. On the other hand,   in the case of aperiodic feedback mode 2-0 or 2-2, only the best M-average CQI is reported by the UE by differentially encoding it with respect to a corresponding wideband CQI, using 2 bits representing differential values {1,2,3,4}. Further, in case of periodic feedback mode 2-1 the CQI corresponding to codeword-1 for each UE selected subband within a bandwidth part can itself be of 4 bits, whereas that of codeword-2 (when RI>1) is differentially encoded with respect to CQI of codeword-1 using 3 bits. 
It becomes apparent from the above discussion that a transparent way of conveying CQI (without having to convey all details regarding to one or more feedback modes configured under that CSI process for that UE) is to allow for   full (complete) CQI for each indicated subband.

Proposal: Convey each subband CQI using full representation (4bits or 16 possibilities)

Next, we consider subband indexing and propose an alternative in which the subband selection (including their sizes, indices)  is conveyed by means of a combinatorial index which is described next. 
This idea is a simple extension of that used in TS 36.213 for aperiodic feedback mode 2-*. In particular, depending on the number of PRBs (or RBs for short) in the downlink available at sending eNB2 (a parameter which is known or conveyed separately to the receiving eNB1) , the set of all possible  subband selections that can be made together with the subband sizes for all feedback modes can be deduced by eNB1. 
For example when 110 RBs are available at eNB2 (and this number is conveyed to eNB1) eNB1 can deduce that for a UE configured under [5]:
 Aperiodic, Mode 2-*: 6 UE selected subband indices
A subframe is composed of 28 subbands. Among 28 subbands, 6 subbands are selected by the UE. The number of PRBs in the subbands is 4 except for the last one; the number of PRBs in the last subband is 2 (4*27 + 2 = 110).
For Aperiodic, Mode 3-*: 14 higher layer-configured sub bands
· A subframe is composed of 14 subbands. The number of PRBs in the subband is 8 except for the last one; the number of PRBs in the last subband is 6 (8*13 + 6 = 110).
For Periodic, Mode 2-*: 4 UE selected subband indices (with an additional constraint on choosing one sub band per bandwidth portion or part) 
· A subframe is composed of 14 subbands. Among 14 subbands, 4 subbands are selected by the UE. The number of PRBs in the subbands is 8 except for the last one; the number of PRBs in the last subband is 6 (8*13 + 6 = 110).

Then, considering all possible feasible subband selections under all the aforementioned feedback modes, it is possible to assign a unique label to each distinct feasible selection of sub bands. All possible such labels together decide the range of a combinatorial index R. As a result, knowing the value of R the receiving eNB can deduce the subband selection. The associated CQIs (one for each subband in the indicated selection) can be ordered in the increasing order of the frequency range represented by the indicated subbands. Each such CQI can be conveyed using full representation (i.e., using 16 possibilities) which can then be directly used by the receiving eNB1.
Proposal: Convey subband indexing and size information via a combinatorial index. 

Another issue that is important, is to ensure that the RI and CQIs conveyed by eNB2 to eNB1 in a UE CSI report are mutually consistent, i.e., all the reported CQIs are computed by the UE for the same RI (which is identical to the one in the Rank Indication IE when the latter is present). This issue is important to address because under certain feedback modes (such as periodic mode 2-1) the RI and the wideband CQI(s) as well as the subband CQI(s) for one or more bandwidth portions can be reported by the UE on different subframes. Thus, depending on the periodicity defined by eNB1 in its CSI request, it can happen that the latest RI available for the UE under the CSI process, can be different from the one for which one or more of the most recently available  CQI(s) are computed. In such a case, the sending eNB2 should ensure that its CSI report is consistent, for instance by using the RI value for which the most recently available CQI(s) have been computed.
Proposal: Sending eNB must ensure RI and CQI(s) conveyed in a CSI report are mutually consistent. 

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. In order to ensure this, it has been agreed that a UE identifier will be included in each CSI report for each UE whose CSI is conveyed in that report. This ID should enable the receiving node to deduce  which ones among all the reports that it receives, belongs to that user, thereby facilitating RRM. Including a similar UE ID in the RSRP reports will also be beneficial and allow the receiving eNB to combine or jointly exploit these two sets of reports. 

Proposal: Include UE ID in RSRP measurement report

 3. Conclusion

In this contribution we discussed the necessary X2 message to support CSI exchange for  inter-eNB CoMP and presented our views along with a corresponding text proposal. 
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Text Proposals:


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



	Condition
	Explanation

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


	Range bound
	Explanation

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







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.

9.2.aa	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

	CSI Report per UE
	
	1 .. <maxUEReport>
	
	

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

	>CSI report per CSI process
	
	1 ..<maxCSIprocess>
	
	

	>>Rank Indicator
	O
	
	INTEGER (1..8,…)
	The rank indicator IE is present only if it is requested  in the associated request. In that case Cf. TS 36.213 [7.2.3].

	>>Wideband CQI For Codeword 0
	M
	
	INTEGER (0..15,…)
	 

	>>Wideband CQI For Codeword 1
	O
	
	INTEGER (0..15,…)
	 

	     >> combinatorial index
	O
	
	Integer FFS 
	This IE is present only if associated request wants subband CQI

	>>>Subband CQI List
	
	0..<maxCQISubbands >
	
	The number of subbands in the list as well as their respective indices and sizes are deduced from the combinatorial index. Subband CQIs are sorted in the order of increasing frequency.

	>>>>Subband CQI for codeword 0
	M
	
	INTEGER (0..15,…)
	 

	>>>>Subband CQI for codeword 1
	O
	
	INTEGER (0..15,…)
	 

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







