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1. Introduction
In this contribution, we discuss details on CSI procedure in TDD eIMTA. 
2. Discussion
2.1. Definition of valid CSI reference resource
The following working assumption was made on the definition of CSI reference resource for periodic CSI report during the email discussion [76-05]:
· For UEs configured with eIMTA, for periodic CSI report in subframe n, the corresponding CSI reference resource is determined by the existing definition for TM 1 – 10 (in TS 36.213 section 7.2.3), with the following additions: 

· If the eIMTA UE receives a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the indicated UL-DL configuration in the radio frame can be valid CSI reference resources

· If the eIMTA UE does not receive a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the SIB-1 UL-DL configuration in the radio frame can be valid CSI reference resources

· FFS if the eIMTA UE can omit reporting the periodic CSI or report OOR under certain conditions, and the corresponding conditions are also FFS

Currently, the reference resource of periodic CSI is defined as subframe n-nCSI_ref where nCSI_ref is the smallest value such that subframe n-nCQI_ref corresponds to a valid downlink subframe under nCSI_ref ≥4 with 1 to 3 configured CSI processes and nCQI_ref ≥5 with 4 configured CSI processes. Assuming that this definition is maintained for Rel-12 TDD eIMTA, the above working assumption implies that the CSI reference resource is changed dynamically by the UL/DL reconfiguration DCI. As discussed in [76-05], the UE needs to implement so called “blind storing interference measurement samples” in some flexible DL subframes because the UE is not aware of whether there will be another flexible subframe which can be the actual CSI reference resource. As the shortest CSI report period is 10 ms, this blind storing operation needs to be performed at most once in 10 ms which is acceptable from the UE implementation viewpoint.
On the other hand, there was some discussion on the valid reference resource for aperiodic CSI. It was proposed in RAN1#76 that the reference resource is in a valid DL subframe no earlier than the CSI request downlink subframe [1], and the motivation is to avoid the above-mentioned blind storing interference measurement samples. However, by the working assumption for periodic CSI report, an eIMTA-capable UE needs to implement such a feature and it would not be a problem to apply that feature for the aperiodic CSI case. Furthermore, the additional UE complexity of applying that feature seems marginal because only a few selected flexible subframes need to be stored. According to the analysis provided in Appendix, only two flexible subframes in 10 ms need to be stored to be prepared for aperiodic CSI report. Meanwhile, the proposal in [1] imposes significant restriction on the aperiodic CSI reporting because there is no valid CSI reference resource if aperiodic CSI is triggered in some fixed DL subframes.
From the above discussions, we can confirm the working assumption for periodic CSI report and extend it to encompass apriodic CSI report so that a common definition is used for CSI reporting in TDD eIMTA. This leads to the following proposals:

Proposal 1: For a UE configured with eIMTA, for periodic and aperiodic CSI report in subframe n, the corresponding CSI reference resource is determined by n-nCQI_ref;
· where n_CQI_ref is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe if the UE is configured with TM 1~9 or TM 10 with 1, 2, or 3 CSI processes.

· where n_CQI_ref is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink subframe if the UE is configured with TM 10 with 4 CSI processes.

Proposal 2: The following is added to the definition of valid reference resource for a UE configured with eIMTA:

· If the eIMTA UE receives a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the indicated UL-DL configuration in the radio frame can be valid CSI reference resources.

· If the eIMTA UE does not receive a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the SIB-1 UL-DL configuration in the radio frame can be valid CSI reference resources.

With regard to the FFS point in the working assumption, when a UE misses the reconfiguration DCI, it would be beneficial if a UE reports OOR instead of an outdated CSI. This can be implemented by adding an upper bound for nCQI_ref so that the UE reports OOR when nCQI_ref becomes larger than the upper bound. We note that using the misdetection of the reconfiguration DCI as a condition to report OOR may have a problem that such OOR reporting is not necessary but rather harmful if the reconfiguration period is short such that an aged CSI is still useful in the next period of UL/DL reconfiguration. We also note that this OOR reporting can be commonly used for both periodic and aperiodic CSI report.

Proposal 3: The UE reports OOR if nCQI_ref becomes larger than a pre-defined upper bound.

2.2. Aperiodic CSI report
It was agreed in RAN1#76 that for aperiodic CSI reporting in transmission mode 1~9 for a single serving cell, only CSI for one subframe set is reported in any subframe. Also the same was made as a working assumption for TM10 for a single serving cell when the UE is configured with 1 CSI process. The agreement and working assumption can be automatically implemented by using the principle of eICIC where the location of the A-CSI triggering subframe indicates CSI for which subframe set will be reported. As only the fixed DL subframe is used for UL grant transmission, an additional subframe set “aperiodic CSI (A-CSI) indication subframe set” can be configured to an eIMTA-enabled UE. CSI subframe set #0 (or #1) is reported if the CSI request is transmitted in A-CSI indication subframe set #0 (or #1). Figure 1 shows an example using A-CSI indication subframe set.
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Figure 1. An example of using aperiodic CSI indication subframe set.

We note that, if UL/DL configuration #0 is indicated in SIB1, eNB can dynamically choose the target subframe set for A-CSI report in subframe #2, the fixed UL subframe. For example, if A-CSI indication subframe set is configured like that in Figure 1, A-CSI trigger in subframe #5 and #6 will respectively trigger A-CSI report for subframe set #0 and #1, and it is possible to send UL grant for subframe #3 in these two subframes by using UL INDEX.
By the introduction of this A-CSI indication subframe set, we can apply a common solution for all the transmission modes. For the CA case, A-CSI indication subframe set can be common for all the DL serving cells configured with two CSI subframe sets or it can be configured in a cell-specific manner. In any case, the CSI request field in PDCCH is not affected so there is no impact on the CSI mechanism for CA or CoMP.
Proposal 4: A UE is configured with the aperiodic CSI indication subframe set by which each DL subframe in which UL grant can be transmitted is associated with one of the two CSI measurement subframe set.
For TM 10, the following working assumption was made in [76-03] and the aperiodic CSI reporting trigger can be solved the above-mentioned A-CSI indication subframe set. One remaining issue is how to associate the two Rel-11 CSI-IM resources configured for one CSI process.
· Minimum UE capability on the number of CSI processes for TDD eIMTA is one 

· For a Rel-12 UE configured with TDD eIMTA and capable of one CSI process, up to two Rel-11 CSI-IM resources is supported for one CSI process. 

· FFS between the following approaches to support this:

· One Rel-12 CSI-IM resource is defined to contain up to two Rel-11 CSI-IM resources, i.e. one or two sets of {resourceConfig, subframeConfig}

· One Rel-12 CSI process is defined to contain up to two CSI-IM resources, i.e. one or two CSI-IM-ConfigId 

· Other approaches are not precluded

· other details FFS (e.g. possible association of CSI-IM resource to subframe set, details of aperiodic CSI triggering)

· FFS whether this new configuration is supported by Rel-12 UEs without eIMTA capability or Rel-12 UE with eIMTA capability not configured with TDD eIMTA

· FFS whether this new configuration is also supported for 2, 3 and 4 configured CSI processes 

· For aperiodic CSI reporting in transmission mode 10 for a single serving cell when the UE is configured with 1 CSI process, only CSI for one subframe set is reported in any subframe.
From the eNB and UE operation point of view, the two approaches in the working assumption are equivalent. It is common understanding that one Rel-11 CSI-IM resource will be configured in fixed DL subframe and the other CSI-IM resource will be in flexible DL subframe. This implies that the two Rel-11 CSI-IM resources are separated in the subframe domain. Then, the eNB can configure two CSI subframe sets such that one CSI subframe set contains only one Rel-11 CSI-IM resource. On the other hand, the first approach seems to be closer to the original eICIC operation in the sense that the interference measurement sources (the one Rel-12 CSI-IM resource in this case) is not distinguished before the CSI subframe sets are configured. 

This method can be applied to each CSI process when multiple CSI processes are configured to a UE. This extension is necessary to not sacrifice the flexibility of CoMP in terms of the number of TPs used for dynamic point selection; otherwise, some CSI processes should be allocated to a single TP in order to reflect different interference condition in fixed and flexible subframes.

Proposal 5: For TM 10, two Rel-11 CSI-IM resources can be configured for a CSI process and the aperiodic CSI triggering introduced for CSI subframe sets in eIMTA is reused. The two Rel-11 CSI-IM resources can be fused into a single Rel-12 CSI-IM resource.
One remaining issue in TM 10 is whether to apply the changes needed for eIMTA to the case where eIMTA is not enabled. This issue includes the relaxation of CSI-IM resource configuration and the configuration of two Rel-11 CSI-IM resources for a single CSI process. Basically, the new features introduced for eIMTA provide more flexibility in the network operation and can be beneficial even in non-eIMTA cases. As the eIMTA-capable UE readily implements such features, it would not be a problem to use them in non-eIMTA operations.

Proposal 6: The following two changes apply to an eIMTA-capable UE regardless whether eIMTA is enabled or not.

· The Rel-11 restriction on CSI-IM configuration is relaxed.

· Two Rel-11 CSI-IM resources can be configured for a single CSI process.

3. Conclusion
This contribution discussed details on CSI procedure in TDD eIMTA; the definition of valid CSI reference resource and the operations for aperiodic and periodic CSI reports. Our proposals are summarized as follows:
Proposal 1: For a UE configured with eIMTA, for periodic and aperiodic CSI report in subframe n, the corresponding CSI reference resource is determined by n-nCQI_ref;

· where n_CQI_ref is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe if the UE is configured with TM 1~9 or TM 10 with 1, 2, or 3 CSI processes.

· where n_CQI_ref is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink subframe if the UE is configured with TM 10 with 4 CSI processes.

Proposal 2: The following is added to the definition of valid reference resource for a UE configured with eIMTA:

· If the eIMTA UE receives a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the indicated UL-DL configuration in the radio frame can be valid CSI reference resources.

· If the eIMTA UE does not receive a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the SIB-1 UL-DL configuration in the radio frame can be valid CSI reference resources.

Proposal 3: The UE reports OOR if nCQI_ref becomes larger than a pre-defined upper bound.
Proposal 4: A UE is configured with the aperiodic CSI indication subframe set by which each DL subframe in which UL grant can be transmitted is associated with one of the two CSI measurement subframe set.
Proposal 5: For TM 10, two Rel-11 CSI-IM resources can be configured for a CSI process and the aperiodic CSI triggering introduced for CSI subframe sets in eIMTA is reused. The two Rel-11 CSI-IM resources can be fused into a single Rel-12 CSI-IM resource.

Proposal 6: The following two changes apply to an eIMTA-capable UE regardless whether eIMTA is enabled or not.

· The Rel-11 restriction on CSI-IM configuration is relaxed.

· Two Rel-11 CSI-IM resources can be configured for a single CSI process.
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Appendix. Analysis on blindly stored flexible DL subframes to support aperiodic CSI report
Each of the following tables represents the index of the latest flexible subframe which appears earlier than the A-CSI triggering subframe for each A-CSI reporting subframe. Let’s take A-CSI reporting in subframe #2 in Table A-1 where UL/DL configuration #0 and #5 are assumed for SIB1 configuration and DL HARQ reference configuration, respectively. In this case, the A-CSI trigger is transmitted in either subframe #5 or #6 in the previous radio frame, and subframe #4 corresponds to the latest flexible subframe that appears earlier than the A-CSI triggering subframe. Therefore, if subframe #4 is indicated as DL subframe in the previous radio frame, the UE needs to blindly store subframe #4 to be prepared for the potential A-CSI report in subframe #2. Following the same procedure, A-CSI report in subframe #3 also requires blind sample storing for subframe #4 in the previous radio frame.
In the tables, we can observe that, when DL HARQ reference is UL/DL configuration #5 which yields the most flexible DL subframes, only two subframes need to be blindly stored in each radio frame. The reason is that A-CSIs triggered in different fixed DL subframes still have the same flexible DL subframe as the latest one.
Table A-1.  Indices of blindly stored flexible subframe when SIB1 configuration is #0 and DL HARQ reference configuration is #5.
	UL SF index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SIB#1 config #0
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	
	
	
	6, (5)
	(6)
	0
	
	
	1, (0)
	(1)
	5

	Stored SF Index
	
	
	4
	4
	9
	
	
	9
	9
	4

	DL HARQ ref. #5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D


Table A-2.  Indices of blindly stored flexible subframe when SIB1 configuration is #1 and DL HARQ reference configuration is #5.
	UL SF index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SIB#1 config #1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	
	
	
	6
	9
	
	
	
	1
	4
	

	Stored SF Index
	
	
	3
	8
	
	
	
	8
	3
	

	DL HARQ ref. #5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D


Table A-3.  Indices of blindly stored flexible subframe when SIB1 configuration is #2 and DL HARQ reference configuration is #5.
	UL SF index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SIB#1 config #2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	
	
	
	8
	
	
	
	
	3
	
	

	Stored SF Index
	
	
	7
	
	
	
	
	7
	
	

	DL HARQ ref. #5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D


Table A-4.  Indices of blindly stored flexible subframe when SIB1 configuration is #3 and DL HARQ reference configuration is #5.
	UL SF index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SIB#1 config #3
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	
	
	
	8
	9
	0
	
	
	
	
	

	Stored SF Index
	
	
	4
	4
	4
	
	
	
	
	

	DL HARQ ref. #5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D


Table A-5.  Indices of blindly stored flexible subframe when SIB1 configuration is #4 and DL HARQ reference configuration is #5.
	UL SF index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SIB#1 config #4
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	
	
	
	8
	9
	
	
	
	
	
	

	Stored SF Index
	
	
	3
	3
	
	
	
	
	
	

	DL HARQ ref. #5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D


Table A-6.  Indices of blindly stored flexible subframe when SIB1 configuration is #6 and DL HARQ reference configuration is #5.
	UL SF index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SIB#1 config #6
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D

	
	
	
	5
	6
	9
	
	
	0
	1
	

	Stored SF Index
	
	
	4
	4
	8
	
	
	8
	8
	

	DL HARQ ref. #5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D
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