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1 
Introduction

At RAN3#85bis, it was agreed as a working assumption that per-UE Channel Station Information (CSI) is delivered over X2 using the RESOURCE STATUS UPDATE message [1].

In this paper, we discuss further details about the structure of the CSI delivered over X2.
2 
Background
A UE is configured for CSI reporting by higher layers, and several different types of CSI reporting are defined:
-
In the time domain, CSI reporting can be periodic or aperiodic;
-
In the frequency domain, the CQI feedback can be Wideband (Mode 1-*), UE-selected subband (Mode 2-*), or Higher Layer-configured subband (Mode 3-*, aperiodic only).
Section 7.2 of TS 36.213 describes the UE procedures for reporting CSI. The following observations can be made:
1)
Subband CQI is reported only if the UE is configured for CSI reporting Mode 2-* or Mode 3-*.

Observation #1:
Subband CQI is an optional part of the CSI.

2)
For subband CQI, the subband partitioning depends on the type of CSI reporting, e.g. Aperiodic Mode 2-*, Aperiodic Mode 3-*, or Periodic Mode 2-*.

Observation #2:
Subband partitioning, and thus the mapping of CQI values to PRBs, depends on UE-specific configuration.

3)
For a given CSI process, a UE can be simultaneously configured for both periodic and aperiodic CSI reporting.

Observation #3:
There can be multiple CSI reports from a UE in a given time interval, which can be any combination of periodic and aperiodic CSI reports.
The CSI reporting over Uu is based on configuration information provided by the serving eNB, and there is significant flexibility on how an eNB implementation configures and processes CSI reports. Such flexibility is designed to cope with different traffic and deployment environments, and this flexibility should be extended to CSI reporting over X2.

Proposal #1:
The coding structure of CSI over X2 shall not impose any restrictions on eNB implementation. 

Based on the above, some options for signaling the CSI over X2 are discussed in section 3.
3 
CSI over the X2 interface
Based on the current RAN3 working assumption, a RESOURCE STATUS UPDATE message containing UE-specific CSI is sent by eNB2 to eNB1 at periodic intervals (“X2 Reporting Interval”) as shown in Figure 1.
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Figure 1: CSI reporting over Uu and X2
The signalling of subband CQI over the air interface is highly compressed in order to make efficient use of scarce radio resources. The CQI is signalled per subband, where the subband partitioning is known to both the UE and serving eNB based on the UE-specific CSI reporting configuration.

A coding structure for signalling CSI over X2 was proposed in [2]. Some of the essential elements of the proposal are:

-
CSI is sent over X2 using the same “compressed” format that is used by the UE (e.g. using Subband Index);

-
The receiving eNB1 must know the UE-specific CSI reporting configuration in order to interpret the “compressed” CSI (e.g. to derive PRBs from the Subband Index);

NOTE:
In [2], the proposed coding structure does not include information about the UE-specific CSI reporting configuration. It is unclear whether this was an oversight, or whether it is proposed that the receiving eNB1 somehow derive it (e.g. based on NRB and the number of reported subbands, this uniquely identifies whether the UE is configured with Aperiodic Mode 2-*, Aperiodic Mode 3-*, or Periodic Mode 2-*?).
-
If both periodic and aperiodic reporting are configured for a given CSI process, then the sending eNB2 must chose to send either the periodic or the aperiodic report(s) – it cannot send both;
In general, the coding structure proposed in [2] can be viewed as a UE-configuration dependent structure. The main advantage of this structure is that it is bit-efficient in many cases, but it is also very restrictive.
An alternative would be to have a UE-configuration independent structure, where eNB2 sends the CSI over X2 using a generalized format that is independent of the format used by the UE. This is described in more detail in section 3.1.

3.1
UE configuration independent coding structure
A coding structure for signaling CSI over X2 in a UE-configuration independent way is shown in Table 1. In this structure, a subband is defined as a set of contiguous PRBs having the same CQI value. The subband partitioning is left to the sending eNB2 implementation, and is not restricted by the UE’s CSI reporting configuration.

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

	CSI per UE
	
	1..<maxnoofUE-CSI>
	
	

	>C-RNTI
	M
	
	BIT STRING (SIZE (16))
	

	>CSI per Interference Hypotheses
	
	1..<maxnoofInterferenceHypothesis >
	
	

	>>Interference Hypothesis Information
	M
	
	[FFS]
	

	>>Wideband CQI for Codeword 0
	M
	
	INTEGER(0..15,…)
	Defined in TS 36.213 [11].

	>>Wideband CQI for Codeword 1
	O
	
	INTEGER(0..15,…)
	Defined in TS 36.213 [11].

	>>Rank Indication
	M
	
	INTEGER(1..8,..)
	Defined in TS 36.213 [11].

	>>Subband CQI List
	
	0.. <maxnoofSubband>
	
	Subbands are listed in the order of increasing frequency.

	>>>Subband Start
	O
	
	INTEGER(0..109, …)
	PRB number of the first PRB in the subband.  If this IE is not present, the subband is contiguous with the previous subband in the list, or starts with PRB 0 if this is the first subband in the list.

	>>>Subband Size
	O
	
	INTEGER(1..110, …)
	Number of contiguous PRBs in the subband. If this IE is not present, the value is the same as the previous subband in the list.

	>>>Subband Differential CQI for Codeword 0
	M
	
	INTEGER(0..3, …)
	Defined in TS 36.213 [11].

	>>>Subband Differential CQI for Codeword 1
	O
	
	INTEGER(0..3, …)
	Defined in TS 36.213 [11].


Table 1: UE configuration independent coding structure
The main differences compared to [2] are shown in red. Essentially, the Subband Start IE and Subband Size IE are used in place of the Subband Index IE in [2]. Some advantages of the coding structure in Table 1 are as follows:
1)
The receiving eNB1 does not need to be aware about how eNB2 determined the CSI, or details about UE-specific configuration information;
2)
The sending eNB2 has the flexibility to send “raw” CSI as received from the UE, or “processed” CSI which takes into account implementation-specific algorithms, e.g. handling of Aperiodic and Periodic CSI reports received during the same X2 Reporting Interval.
3)
Subband partitioning can be flexible which allows the sending eNB2 to e.g. combine CSI reports received from the UE.
The only potential drawback of this proposal is that in some (but not all) cases, it is less bit efficient than [2]. This is due primarily to the addition of the Subband Size IE. Some examples are shown in Table 2 for Mode 2-*.
	
	Scenario
	Bit efficiency, where X is the number of subbands being reported

	1
	WORST CASE: Subband Start IE is included for each subband (i.e. no contiguous subbands, and lowest subband is not reported) and Subband Size IE is included twice (i.e. highest subband is reported)
	[17 + 3X] more bits than [2]

	2
	Subband Start IE is not included for any subband (i.e. only contiguous subbands are reported including the lowest subband) and Subband Size IE is included only once (i.e. highest subband is not reported)
	[10 - 4X] less bits than [2]

	3
	All subbands are reported
	[17 - 4X] less bits than [2]


Table 2: Bit efficiency of UE configuration independent coding structure
From the above, bit efficiency does not seem to be a significant differentiator between the two coding structures. Considering the other advantages of the UE configuration independent coding structure, the following is proposed:
Proposal #2:
For signaling of Subband CQI, subband partitioning is explicitly signaled using Subband Start IE and Subband Size IE. 

4
Conclusions

In this paper, we discussed further details about the structure of the CSI delivered over X2 and proposed the following:
Proposal #1:
The coding structure of CSI over X2 shall not impose any restrictions on eNB implementation. 

Proposal #2:
For signaling of Subband CQI, subband partitioning is explicitly signaled using Subband Start IE and Subband Size IE. 

A Stage-3 CR reflecting the above proposals is provided in [3].
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