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1 Introduction
In the email discussion “[76-03] Aperiodic CSI in TM10 for eIMTA”, issues with aperiodic CSI feedback for eIMTA in TM10 were discussed with following working assumptions:
Working assumption 1:
· The restriction is removed for all downlink subframes at least for eIMTA-enabled UEs
· FFS whether it is removed for eIMTA-capable but non-eIMTA-enabled UEs 
(Note that the restriction refers to “A UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero power CSI-RS resource configuration which can be configured for the UE” in TS36.213 Rel-11)
Working assumption 2:

· 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 two 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.
In this contribution, the remaining open issues for aperiodic CSI feedback for eIMTA in TM10 are discussed.
2 Discussion

2.1 Removal of the restriction on the configuration of CSI-IM resources
According to the working assumption, the restriction that “A UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero power CSI-RS resource configuration which can be configured for the UE” shall be removed for all the downlink subframes for eIMTA enabled UEs. The restriction is removed only from the UE perspective, which means that eIMTA-enabled UEs do not need to check the validity of the CSI-IM configuration in any of the subframe according to the restriction. From the eNB perspective, the previous restriction on CSI-IM configuration for SIB-1 downlink subframes shall still be followed if there are legacy UEs in the cell. Therefore there should be no issue to remove the restriction for all downlink subframes. Regarding the FFS point on whether the restriction is removed for eIMTA-capable but non-eIMTA-enabled UEs, our view is that it shall also be removed since eNB is able to guarantee the backward compatibility so it is not necessary for the UE to have additional validity check.
Proposal 1: The following restriction is removed from all eIMTA capable UEs perspective, regardless whether eIMTA is enabled or not.
· 
A UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero power CSI-RS resource configuration which can be configured for the UE.

2.2 Minimum number of CSI processes for eIMTA UEs
According to the working assumption, the minimum eIMTA UE capability on number of CSI processes is one and up to two Rel-11 CSI-IM resources is supported for one CSI process. With this approach, CSI for both subframe sets can be measured in TM10. Therefore we propose to confirm this working assumption. Furthermore, in order to measure the interference difference in the fixed and flexible subframes, each CSI-IM shall be configured in the corresponding DL CSI subframe set. The two Rel-11 CSI-IMs configured for one CSI process shall be associated with the two CSI subframe sets, respectively. 
eIMTA and CoMP can be used together to improve the system performance. One application scenario is that CoMP is used in a small cell cluster with strong coupling to each other, and individual dynamic UL-DL reconfigurations can be applied for different small cell clusters. To support eIMTA together with CoMP, the new configuration of CSI-IM shall be supported for eIMTA enabled UEs configured with 2, 3 or 4 CSI processes. As the new CSI-IM configuration is only useful for eIMTA, it can be supported by eIMTA capable UEs only. 
In Rel-11, a UE can be configured with maximum 3 CSI-IM resources and 3 NZP CSI-RS per carrier frequency. As a UE capability, maximum 4 CSI processes can be supported by the UE. Table 1 and Table 2 show the following CoMP schemes can be supported with 3 CSI-IM resources and 3 NZP CSI-RS, without and with eIMTA enabled.

Table 1: Supported CoMP schemes with 3 CSI-IM resources and 3 NZP CSI-RS without eIMTA enabled

	
	UE capable of 3 CSI processes
	UE capable of 4 CSI processes

	
	Number of CoMP coordinating cells
	CSI process, CSI-IM, NZP CSI-RS
	Number of CoMP coordinating cells
	CSI process, CSI-IM, NZP CSI-RS

	DPS

(Dynamic point selection)
	3
	CSI process #1: NZP CSI-RS #1+CSI-IM #1

· Cell #1’s CSI process
CSI process #2: NZP CSI-RS #2+CSI-IM #2 

· Cell #2’s CSI process

CSI process #3: NZP CSI-RS #3+CSI-IM #3
· Cell #3’s CSI process
	3
	CSI process #1: NZP CSI-RS #1+CSI-IM #1

· Cell #1’s CSI process

CSI process #2: NZP CSI-RS #2+CSI-IM #2 

· Cell #2’s CSI process

CSI process #3: NZP CSI-RS #3+CSI-IM #3

· Cell #3’s CSI process

	DPB

(Dynamic point blanking)
	3
	CSI process #1: NZP CSI-RS #1+CSI-IM #1
· Cell #1’s CSI process

· Cell #2 and cell #3 not blanking

CSI process #2: NZP CSI-RS #1+CSI-IM #2 

· Cell #1’s CSI process

· Cell #2 and cell #3 blanking

CSI process #3: NZP CSI-RS #1+CSI-IM #3
· Cell #1’s CSI process

· Cell #2 blanking and Cell #3 not blanking
	3
	CSI process #1: NZP CSI-RS #1+CSI-IM #1

· Cell #1’s CSI process

· Cell #2 and cell #3 not blanking

CSI process #2: NZP CSI-RS #1+CSI-IM #2 

· Cell #1’s CSI process

· Cell #2 and cell #3 blanking

CSI process #3: NZP CSI-RS #1+CSI-IM #3

· Cell #1’s CSI process

· Cell #2 blanking and cell #3 not blanking

	DPS+DPB
	2
	CSI process #1: NZP CSI-RS #1+CSI-IM #1 

· Cell #1’s CSI process

· Cell #2 not blanking

CSI process #2: NZP CSI-RS #1+CSI-IM #2

·  Cell #1’s CSI process

· Cell #2 blanking

CSI process #3: NZP CSI-RS #1+CSI-IM #3

· Cell #2’s CSI process

· Cell #1 not blanking


	2
	CSI process #1: NZP CSI-RS #1+CSI-IM #1 

· Cell #1’s CSI process

· Cell #2 not blanking

CSI process #2: NZP CSI-RS #1+CSI-IM #2

·  Cell #1’s CSI process

· Cell #2 blanking

CSI process #3: NZP CSI-RS #1+CSI-IM #3

· Cell #2’s CSI process

· Cell #1 not blanking

CSI process #4: NZP CSI-RS #1+CSI-IM #3

· Cell #2’s CSI process

· Cell #1 blanking


Table 2: Supported CoMP schemes with 3 CSI-IM resources and 3 NZP CSI-RS with eIMTA enabled

	
	UE capable of 3 CSI processes
	UE capable of 4 CSI processes

	
	Number of CoMP coordinating cells
	CSI process, CSI-IM, NZP CSI-RS
	Number of CoMP coordinating cells
	CSI process, CSI-IM, NZP CSI-RS

	DPS
	2
	CSI process #1: NZP CSI-RS #1+CSI-IM #1+CSI-IM#2
· Cell #1’s CSI process for subframe set #1 using CSI-IM #1
CSI process #1: NZP CSI-RS #1+CSI-IM #1+CSI-IM#2

· Cell #1’s CSI process for subframe set #2 using CSI-IM #2

CSI process #2: NZP CSI-RS #2+CSI-IM #3 

· Cell #2’s CSI process for subframe set #1 (or #2) 

Note: DPS is only supported in one subframe set (#1 or #2)
	2
	CSI process #1: NZP CSI-RS #1+CSI-IM #1+CSI-IM#2

· Cell #1’s CSI process for subframe set #1 using CSI-IM #1

CSI process #1: NZP CSI-RS #1+CSI-IM #1+CSI-IM#2

· Cell #1’s CSI process for subframe set #2 using CSI-IM #2

CSI process #2: NZP CSI-RS #2+CSI-IM #3 

· Cell #2’s CSI process for subframe set #1 (or #2) 

Note: DPS is only supported in one subframe set (#1 or #2)

	DPB
	2
	CSI process #1: NZP CSI-RS #1+CSI-IM #1+CSI-IM#2
· Cell #1’s CSI process for subframe set #1 using CSI-IM #1
· Cell #2 not blanking in subframe set#1
CSI process #1: NZP CSI-RS #1+CSI-IM #1+CSI-IM#2

· Cell #1’s CSI process for subframe set #2 using CSI-IM #2

· Cell #2 not blanking in subframe set #2
CSI process #2: NZP CSI-RS #1+CSI-IM #3 

· Cell #1’s CSI process for subframe set #1 (or #2)
· Cell #2 blanking in subframe set #1 (or #2)
Note: DPB is only supported in one subframe set (#1 or #2)
	2
	CSI process #1: NZP CSI-RS #1+CSI-IM #1+CSI-IM#2

· Cell #1’s CSI process for subframe set #1 using CSI-IM #1

· Cell #2 not blanking in subframe set#1
CSI process #1: NZP CSI-RS #1+CSI-IM #1+CSI-IM#2

· Cell #1’s CSI process for subframe set #2 using CSI-IM #2

· Cell #2 not blanking in subframe set #2
CSI process #2: NZP CSI-RS #1+CSI-IM #3 

· Cell #1’s CSI process for subframe set #1 (or #2)

· Cell #2 blanking in subframe set #1 (or #2)
Note: DPB is only supported in one subframe set (#1 or #2)

	DPS+DPB
	Not supported
	Not supported
	Not supported
	Not supported 


Table 2 indicates that if the number of CSI-IM is limited to 3, there is significant restriction on how CoMP can be used together with eIMTA. In order to maintain full Rel-11 CoMP flexibility and achieve the Rel-11 CoMP benefits, it is beneficial that the number of CSI-IMs that can be configured is doubled for eIMTA, i.e. increasing from 3 to 6. It shall be noted that with Rel-11 CoMP and eICIC, the UE already needs to keep track of 6 interference measurements, i.e. 3 CSI-IMs multiplied by 2 DL CSI subframe sets. Hence, if a UE does not support CA, the complexity to support CoMP + eICIC and CoMP + eIMTA in terms of CSI interference measurement is similar. If a UE supports CA + CoMP + eIMTA, then the UE needs to keep track of more interference measurement compared to CA + CoMP + eICIC, due to the fact that DL CSI subframe set is extended to secondary cells in eIMTA. 
Proposal 2: Confirm the working assumption that the minimum eIMTA UE capability on the number of CSI processes is one and up to two Rel-11 CSI-IM resources is supported for one CSI process. The two Rel-11 CSI-IMs configured for one CSI process shall be associated with the two CSI subframe sets, respectively.
Proposal 3: The maximum number of CSI-IM resources that is supported by eIMTA UEs is 6 per serving cell.

Proposal 4: The additional CSI-IM configuration is only supported by eIMTA capable UEs.
Proposal 5: The additional CSI-IM configuration can be supported for UEs configured with 2, 3 or 4 CSI processes.
2.3 Aperiodic CSI feedback scheme for eIMTA UEs in TM10
For the same reason as for TM1~9 [2], the aperiodic CSI feedback schemes should be flexible enough in TM10. The design for TM1~9 can be reused, i.e. the existing CSI triggering bits are used to indicated which CSI process is triggered and one additional bit shall be added in CSI triggering field to support dynamic indication of one of the two CSI-IMs associated with two subframe sets for the triggered CSI process. To be more specific, 2 CSI triggering bits in UL grants transmitted in (E)PDCCH USS shall be used for eIMTA UEs configured with single CSI process and single serving cell; 3 CSI triggering bits in UL grants transmitted in (E)PDCCH USS shall be used for eIMTA UEs configured with more than one CSI process or more than one serving cell. If A-CSI is triggered by UL grants transmitted in PDCCH CSS, the A-CSI for the subframe set in which the UL grant is transmitted is reported. 
Proposal 6: One additional bit is added in the CSI triggering field in (E)PDCCH USS to dynamically indicate one of the two subframe sets for the triggered CSI process(es) is reported .  
3 Conclusions
In this contribution, we discuss the remaining open issues aperiodic CSI feedback for TM10 with the following proposals:
Proposal 1: The following restriction is removed from all eIMTA capable UEs perspective, regardless whether eIMTA is enabled or not.

· 
A UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero power CSI-RS resource configuration which can be configured for the UE.

Proposal 2: Confirm the working assumption that the minimum eIMTA UE capability on the number of CSI processes is one and up to two Rel-11 CSI-IM resources is supported for one CSI process. The two Rel-11 CSI-IMs configured for one CSI process shall be associated with the two CSI subframe sets, respectively.

Proposal 3: The maximum number of CSI-IM resources that is supported by eIMTA UEs is 6 per serving cell.

Proposal 4: The additional CSI-IM configuration is only supported by eIMTA capable UEs.

Proposal 5: The additional CSI-IM configuration can be supported for UEs configured with 2, 3 or 4 CSI processes.

Proposal 6: One additional bit is added in the CSI triggering field in (E)PDCCH USS to dynamically indicate one of the two subframe sets for the triggered CSI process(es) is reported .  
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