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1 
Introduction

For signalling of Subband CQI over X2, several solutions for subband definition were discussed at RAN3#87bis and captured in [1].  In this paper, we evaluate the various solutions and propose a way forward.
2 
Discussion
2.1
Evaluation of existing solutions
Four different solutions are described in [1]. Their distinguishing characteristics can be summarized as follows:

-
In Solution A, the Report Type IE is used by the receiving eNB to derive the subband size based on definitions in TS 36.213, whereas in other solutions the sending eNB explicitly indicates the subband size using the Subband Size IE.

-
In Solution B, the Subband Start IE is used to indicate the first PRB of the subband, whereas in other solutions the receiving eNB calculates the first PRB of the subband using the Subband Index IE and subband size.

-
Solution C is identical to Solution A, except that the subband size is explicitly indicated by the sending eNB using the Subband Size IE per subband (rather than implicitly indicated using the Report Type IE per subband).

-
Solution D is identical to Solution C, except that one subband size is indicated for all subbands (rather than indicated per-subband).

Regarding Solution A, the original intention of signalling the Report Type IE was to ensure that the currently allowed subband structures defined in TS 36.213 are not altered.  However, this is also ensured by the other solutions according to the semantics description of the Subband Size IE, which states “Corresponds to a value of subband size k defined in TS 36.213 for the system bandwidth
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”. Therefore, there is no advantage to use Report Type IE. 
Observation-1:
There is no advantage to use Report Type IE rather than Subband Size IE; therefore, Solution A can be eliminated.

Regarding Solution B, the original intention was to allow subband definitions using per-PRB granularity for the Subband Start IE and Subband Size IE values, which would enable a sending eNB complete implementation flexibility to process CSI (e.g. use interpolation when processing both Periodic and Aperiodic reports as illustrated in [2]). However, several companies expressed the desire that currently allowed subband structures defined in TS 36.213 are not altered; in this case, there is no advantage to use Subband Start IE.
Observation-2:
There is no advantage to use Subband Start IE rather than Subband Index IE, if there is no per-PRB granularity for the Subband Start IE and Subband Size IE values; therefore, Solution B can be eliminated.

Regarding Solution C, the motivation for allowing subband size per subband is to support the following scenario: UE is configured for both Periodic Mode 2-* and Aperiodic Mode 2-* reporting, and eNB2 forwards subband CQI for both reporting types in the same RESOURCE STATUS UPDATE message.  In this scenario, the subband size is different depending on whether Periodic or Aperiodic reporting was used.

However, it has been observed that for a given system bandwidth
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, a Periodic subband is always composed of two Aperiodic subbands. So there are two alternatives for the eNB to combine both Periodic and Aperiodic subband CQI in the same CSI Report per CSI Process IE:

1)
Send one combined Periodic/Aperiodic report over X2, where the subband size k is set per-subband depending on whether the associated subband CQI was reported using Periodic or Aperiodic (Solution C); or

2)
Send one combined Periodic/Aperiodic report over X2, where the subband size k is set to the Aperiodic value and the Periodic subbands are split into Aperiodic subbands (Solution D).
Solution C is likely to be less bit efficient than Solution D, and does not appear to have any functional advantages over Solution D.  
Observation-3:
There is no advantage to signal the Subband Size IE per subband, if it can be assumed that a Periodic subband can always be decomposed into two Aperiodic subbands; therefore, Solution C can be eliminated.

Based on the above analysis, the following is proposed:

Proposal #1:
RAN3 should adopt a subband definition based on Solution D, i.e. using Subband Index and a Subband Size that is the same for all subbands.

The maximum number of subbands is reached when
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is 110 and Aperiodic Mode 2-* is used. In this case, the subband size is 4 and the number of subbands is 28.
Proposal #2:
The value of maxSubband is 28.

2.2
Additional considerations
One additional scenario to consider is when the Rank Indication (RI) for an Aperiodic CSI Report is different than the Periodic CSI Reports. An example is shown in Figure 1 below, where the following parameters are assumed:

-
Periodic CSI reporting mode 2-1, Npd=5, MRI=20, J=3, K=3, H=10 (J*K+1), H’=2; and
-
Aperiodic CSI reporting mode 2-1

For the Periodic CSI reporting, the reporting interval of RI is 100 subframes (Npd*MRI).  At TTI=100, an RI equal to 1 is reported by the UE; therefore, the CQI values in subsequent Periodic CSI reporting are calculated conditioned on RI=1 until the end of the feedback cycle at TTI=200, where the UE can recalculate and report a fresh RI value for Periodic CSI reporting.

Meanwhile, the UE sends an Aperiodic CSI report at TTI=133 which includes subband CQI and a freshly calculated RI that is equal to 2. This means that the RI value has changed since TTI=0, even though the Periodic CSI reporting will continue to calculate CQI conditioned on RI=1 until the end of the periodic feedback cycle.
In Solution D, the CSI Report per CSI Process IE allows only a single RI value to be associated with the CQI.  Therefore, when the eNB sends a RESOURCE STATUS UPDATE message following TTI=135, either the Aperiodic CSI report (received at TTI=133) or the Periodic CSI report (received at TTI=135) for the CSI process can be sent, but not both. For example, the eNB implementation may decide that the Aperiodic report is more useful since the RI value has changed, so it discards the Periodic report received at TTI=135. Or the eNB implementation may decide that it should not skip a Periodic report, and should instead discard the Aperiodic report received at TTI=133 even though it contains valuable information.
Both reports could potentially be sent in the same RESOURCE STATUS UPDATE message if the eNB includes the same UE ID value twice within the CSI Report IE with the same CSI Process Configuration Index value.

Proposal #3:
RAN3 to discuss whether there is an issue with Solution D, when a Periodic subband CQI report is received in the same X2 reporting interval as an Aperiodic report where the RI value has changed. 

If there is an issue, then Solution D may need to be enhanced to allow sending separate Periodic and Aperiodic reports over X2, e.g. by allowing two CSI reports per CSI process.

Figure 1: Example of Periodic and Aperiodic CSI reporting (same CSI process)
	TTI
	Periodic CSI report
	Aperiodic CSI report

	0
	RI/PTI;    RI=1, PTI=0
	 

	5
	Wideband CQI/2nd PMI
	 

	10
	Wideband  1st PMI
	 

	15
	Wideband CQI/2nd PMI
	 

	20
	Wideband  1st PMI
	 

	25
	Wideband CQI/2nd PMI
	 

	30
	Wideband  1st PMI
	 

	35
	Wideband CQI/2nd PMI
	 

	40
	Wideband  1st PMI
	 

	45
	Wideband CQI/2nd PMI
	 

	50
	Wideband  1st PMI
	 

	55
	Wideband CQI/2nd PMI
	 

	60
	Wideband  1st PMI
	 

	65
	Wideband CQI/2nd PMI
	 

	70
	Wideband  1st PMI
	 

	75
	Wideband CQI/2nd PMI
	 

	80
	Wideband  1st PMI
	 

	85
	Wideband CQI/2nd PMI
	 

	90
	Wideband  1st PMI
	 

	95
	Wideband CQI/2nd PMI
	 

	100
	RI/PTI;    RI=1, PTI=1
	 

	105
	Wideband CQI/2nd PMI
	 

	110
	BP1, subband CQI/2nd PMI
	 

	115
	BP2, subband CQI/2nd PMI
	 

	120
	BP3, subband CQI/2nd PMI
	 

	125
	BP1, subband CQI/2nd PMI
	 

	130
	BP2, subband CQI/2nd PMI
	 

	133
	 
	subband  CQI/PMI/RI;    RI=2

	135
	BP1, subband CQI/2nd PMI
	 

	140
	BP2, subband CQI/2nd PMI
	 

	145
	BP3, subband CQI/2nd PMI
	 

	150
	BP1, subband CQI/2nd PMI
	 

	155
	Wideband CQI/2nd PMI
	 

	160
	BP2, subband CQI/2nd PMI
	 

	165
	BP3, subband CQI/2nd PMI
	 

	170
	BP1, subband CQI/2nd PMI
	 

	175
	BP2, subband CQI/2nd PMI
	 

	180
	BP3, subband CQI/2nd PMI
	 

	185
	BP1, subband CQI/2nd PMI
	 

	190
	BP2, subband CQI/2nd PMI
	 

	195
	BP3, subband CQI/2nd PMI
	 

	200
	RI/PTI
	 


3
Conclusions

In this paper, we evaluated various solutions for subband definition and proposed the following:
Proposal #1:
RAN3 should adopt a subband definition based on Solution D, i.e. using Subband Index and a Subband Size that is the same for all subbands.

Proposal #2:
The value of maxSubband is 28.

Proposal #3:
RAN3 to discuss whether there is an issue with Solution D, when a Periodic subband CQI report is received in the same X2 reporting interval as an Aperiodic report where the RI value has changed. 

A text proposal is provided in section 4. Additional changes may be needed depending on the outcome of Proposal #3.
4
Text Proposal for baseline CR

Beginning of Text Proposal for [3]
9.2.aa
CSI Report
This IE provides CSI reports of UEs served by the sending eNB.

	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>
	
	

	>>CSI Process Configuration Index
	M
	
	FFS
	

	>>RI
	M
	
	INTEGER (1..8, …)
	Encoded in TS 36.213 [11].

	>>Wideband CQI
	M
	
	9.2.bb
	

	>>Subband Size
	M
	
	ENUMERATED (2, 3, 4, 6, 8, …)
	Corresponds to a value of subband size k defined in TS 36.213 [11] for the system bandwidth
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.

	>>Subband CQI List
	
	0 .. <maxSubband>
	
	

	>>>Subband CQI
	M
	
	9.2.cc
	

	>>>Subband Index 
	
	
	INTEGER (0..27, …)
	Included in case of UE selected subband CQI reporting.


	Range bound
	Explanation

	maxUEReport
	Maximum number of UE. Value is 128.

	maxCSIProcess
	Maximum number of CSI processes per UE. The value is 4.

	maxSubband
	Maximum number of subbands. The value is 28.


End of Text Proposal for [3]
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