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1. Introduction

In the RAN1#76bis meeting, the following agreement was made for A-CSI triggering mechanism in all TMs for eIMTA. 
	Agreement:

· For CSI reporting for TM 10, confirm the working assumption “Minimum UE capability on the number of CSI processes for TDD eIMTA is one”

· When 2 CSI subframe sets are configured for an eIMTA UE, the triggering mechanism for A-CSI for TM 1-10, for both non-CA and CA cases, a 2-bit indicator is utilized for control channels in UE-specific search space

· For the non-CA case when there is a single CSI process, the current 1-bit CSI information field is updated to 2-bit information field; for other cases, the current 2-bit information filed is re-used

· How to map the 3 triggering states are FFS

· FFS how to map the 1-bit CSI information field for control channels in common search space, targeting minimal spec impact

· Note: for each CSI process, only up to one subframe set is reported in any given subframe


Moreover, in e-mail discussion [76b-05], the following agreement was made for 2-bit A-CSI trigger field.
	Agreement:
If a UE is configured with eIMTA and two Rel-12 CSI subframe sets on at least one serving cell, the 2-bit A-CSI triggering field in DCIs transmitted in UE specific search space can trigger A-CSI reporting according to the following table:
 Value of CSI request field

Description

'00'

 No aperiodic CSI report is triggered 
'01'

 Aperiodic CSI report is triggered for a group of {CSI process(es)} and/or {CSI process(es) and  Rel-12 subframe set(s)} configured by higher layers for serving cell c
'10'

 Aperiodic CSI report is triggered for a 1st group of {CSI process(es)} and/or {CSI process(es) and  Rel-12 subframe set(s)} configured by higher layers 
'11'

 Aperiodic CSI report is triggered for a 2nd group of {CSI process(es)} and/or {CSI process(es) and  Rel-12 subframe set(s)} configured by higher layers

· For a given serving cell, if the UE is configured in transmission modes 1-9, the "CSI process" in the above table refers to the aperiodic CSI configured for the UE on the given serving cell.

· The 1-bit A-CSI triggering field in DCIs transmitted in common search space triggers the A-CSI reporting corresponding to state of ‘01’ in the above table, if the 1-bit A-CSI triggering field is set to '1'.

· A UE is not expected to be configured by higher layers with more than 5 CSI processes and/or {CSI process(es) and Rel-12 subframe set(s)} in each of the 1st and 2nd group of CSI process(es) and/or {CSI process(es) and Rel-12 subframe set(s)} in the above table.

· A UE is not expected to be configured by higher layers with more than one instance of the same CSI process in each CSI request field of 01, 10 and 11


With the agreed triggering mechanisms, A-CSI of any group, i.e. subframe set, can be triggered and be reported according to a CSI reference resource for the group. However, the definition of CSI reference resource is not decided yet. If the CSI reference resource is not available for a triggered CSI process or subframe set, the agreed triggering method may lead to erroneous cases. 

In this contribution, we share our views on CSI reference resource in A-CSI for eIMTA.
2. Discussions
2.1. CSI reference resource in TM1-9
In the last meeting, the CSI reference resource in TM1-9 was discussed and the following proposals were captured in [1].
	Proposals:

· Reference resource definition for aperiodic CSI for TM 1 – 9:

i. Option 1: valid DL subframe in the latest subframe no later than subframe n – 4 and corresponding to the triggered CSI subframe set
· CATT, ALU/ASB, LGE, ZTE, E///, Potevio, Samsung

· Objected by: QC, Sharp

ii. Option 2: valid DL subframe in the latest subframe no later than subframe n-4 and no earlier than the subframe containing the aperiodic CSI trigger
· QC, Sharp, Broadcom, HW, HiSilicon

· Objected by: CATT, LGE, Ericsson, ALU, ASB, Samsung, ZTE

Proposed working assumption:

· Regarding reference resource definition for aperiodic CSI for TM 1 – 9, valid DL subframe is defined as the latest subframe no later than subframe n – 4 and corresponds to the triggered CSI subframe set

· Objected by: Qualcomm, Sharp


Each option has the following pros and cons.
Option 1:

· Pros

· eNB can trigger A-CSI report for any subframe set (any downlink subframe can be CSI reference resource)
· Cons

· A UE should always store RS samples regardless of whether or not the A-CSI report is triggered

Option 2:

· Pros

· A UE behaviour is aligned with the current specification

· Cons

· eNB cannot always trigger A-CSI report for arbitrary subframe set
Based on the above pros and cons, we propose the compromised proposals for CSI reference resource of A-CSI. In [2], the subframes for which A-CSI cannot be reported were listed. However, in our view, the most important issue is not that all DL subframes can be CSI reference resources, but that CSI reference resources for both sets can exist. Table 1 shows the CSI reference resources in Option 2 in case that fixed subframes belong to the subframe set #1 and flexible subframes belong to the subframe set #2.
Table 1. CSI reference resource in option 2
	SIB1 config.
	
	Dynamic UL-DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	Conf. 0
	Triggered subframe 
	0, 5
	0, 1, 5, 6
	0, 5
	0, 5, 6
	5, 6
	5
	0, 1, 5, 6

	
	CSI reference resource for set #1
	1,6
	1, 1, 6, 6
	1, 6
	0, 6, 6
	6, 6
	6
	(0, 1), 1,6,6

	
	CSI reference resource for set #2
	-. -
	-, 4, -, 9
	3, 8
	-, 8, 9
	8, 9
	8
	-, -, -,9

	Conf. 1
	Triggered subframe 
	N/A
	1, 4, 6, 9
	1, 6
	N/A
	6, 9
	6
	N/A

	
	CSI reference resource for set #1
	
	1, 4, 6, 9
	1, 6
	
	6, 9
	6
	

	
	CSI reference resource for set #2
	
	-, -, -, -
	3, 8
	
	8, -
	8
	

	Conf. 6
	Triggered subframe 
	N/A
	0, 1, 5, 6
	0, 5
	5, 6, 9
	5, 6
	5
	0, 1, 5, 6, 9

	
	CSI reference resource for set #1
	
	1, 1, 6, 9
	1, 6
	6, 9, 0
	6, 6
	6,
	1,1,6,6,9

	
	CSI reference resource for set #2
	
	-, 4, -, -
	3, 8
	8, 8, -
	8, 9
	8
	-,-,-,-,-


In this table, in some triggered subframes, the CSI reference resource does not exist for the subframe set #2 as highlighted in red. To enable to trigger A-CSI for any set, the restriction of CSI reference resource can be relaxed as shown in Figure 1. 
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Figure 1. Relaxation of CSI reference resource restriction.
Table 2 and 3 show the CSI reference resource which can be allowed in the X subframes earlier than the triggered subframe.
Table 2. CSI reference resource in X = 1
	SIB1 config.
	
	Dynamic UL-DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	Conf. 0
	Triggered subframe 
	0, 5
	0, 1, 5, 6
	0, 5
	0, 5, 6
	5, 6
	5
	0, 1, 5, 6

	
	CSI reference resource for set #1
	1,6
	1, 1, 6, 6
	1, 6
	0, 6, 6
	6, 6
	6
	(0, 1), 1,6,6

	
	CSI reference resource for set #2
	-. -
	9, 4, 4, 9
	3, 8
	9, 8, 9
	8, 9
	8
	9, -, -,9

	Conf. 1
	Triggered subframe 
	N/A
	1, 4, 6, 9
	1, 6
	N/A
	6, 9
	6
	N/A

	
	CSI reference resource for set #1
	
	1, 4, 6, 9
	1, 6
	
	6, 9
	6
	

	
	CSI reference resource for set #2
	
	-, -, -, -
	3, 8
	
	8, -
	8
	

	Conf. 6
	Triggered subframe 
	N/A
	0, 1, 5, 6
	0, 5
	5, 6, 9
	5, 6
	5
	0, 1, 5, 6, 9

	
	CSI reference resource for set #1
	
	1, 1, 6, 9
	1, 6
	6, 9, 0
	6, 6
	6,
	1,1,6,6,9

	
	CSI reference resource for set #2
	
	-, 4, 4, -
	3, 8
	8, 8, 8
	8, 9
	8
	-,-,-,-,-


Table 3. CSI reference resource in X = 2
	SIB1 config.
	
	Dynamic UL-DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	Conf. 0
	Triggered subframe 
	0, 5
	0, 1, 5, 6
	0, 5
	0, 5, 6
	5, 6
	5
	0, 1, 5, 6

	
	CSI reference resource for set #1
	1,6
	1, 1, 6, 6
	1, 6
	0, 6, 6
	6, 6
	6
	(0, 1), 1,6,6

	
	CSI reference resource for set #2
	-. -
	9, 4, 4, 9
	3, 8
	9, 8, 9
	8, 9
	8
	9, 9, -,9

	Conf. 1
	Triggered subframe 
	N/A
	1, 4, 6, 9
	1, 6
	N/A
	6, 9
	6
	N/A

	
	CSI reference resource for set #1
	
	1, 4, 6, 9
	1, 6
	
	6, 9
	6
	

	
	CSI reference resource for set #2
	
	-, -, -, -
	3, 8
	
	8, -
	8
	

	Conf. 6
	Triggered subframe 
	N/A
	0, 1, 5, 6
	0, 5
	5, 6, 9
	5, 6
	5
	0, 1, 5, 6, 9

	
	CSI reference resource for set #1
	
	1, 1, 6, 9
	1, 6
	6, 9, 0
	6, 6
	6,
	1,1,6,6,9

	
	CSI reference resource for set #2
	
	8, 4, 4, 4
	3, 8
	8, 8, 8
	8, 9
	8
	-,-,-,-,-


As shown in these tables, the CSI reference resource should be include in X subframes earlier than the triggered subframe and the subframe no later than n – 4 where the A-CSI is reported in the subframe n.
By applying this mechanism, many cases can be covered but if there is no valid CSI reference resource for the triggered subframe set, a UE should report OOR since we can expect that a UE mis-detects reconfiguration DCI or no useful CSI cannot be reported. 

Proposal 1:
· For TM1-9,
· The CSI reference resource should be the valid DL subframe in the latest subframe from X earlier subframes than the subframe containing the aperiodic CSI trigger to the subframe n – 4, where the CSI is reported in the subframe n.
· A value is one or two, and our preference is X = 2
· A UE should report OOR if there is no valid CSI reference resource for the triggered subframe set.
2.2. CSI reference resource in TM10
In TM10 case, a UE calculates a CSI by storing CSI-RS and CSI-IM. In this case, as discussed in e-mail discussion [76-02], the number of RS samples is significantly smaller than CRS samples in TM1-9. Moreover, in TM10 with multiple CSI processes, RAN1 has already specified the CSI reference resource earlier than the A-CSI triggered subframe. Therefore, it is acceptable that Option 1, i.e., valid DL subframe in the latest subframe no later than subframe n – 4 and corresponding to the triggered CSI subframe set, is applied to the definition of CSI reference resource in TM10.
However, in another aspect, in the current specification, the definition of CSI reference resource in TM10 with single CSI process is the same as TM1-9. Considering the specification impact, the definition of CSI reference resource in TM10 with single CSI process should be the same as that in TM1-9.
Proposal 2:

· For TM10 with single CSI process,
· The definition of CSI reference resource should be aligned with that in TM1-9.
· For TM10 with multiple CSI process,
· The CSI reference resource should be valid DL subframe in the latest subframe no later than subframe n – 4 and corresponding to the triggered CSI subframe set
3. Conclusion
In this contribution, we propose
Proposal 1:

· For TM1-9,

· The CSI reference resource should be the valid DL subframe in the latest subframe from X earlier subframes than the subframe containing the aperiodic CSI trigger to the subframe n – 4, where the CSI is reported in the subframe n.

· A value is one or two and our preference is X = 2

· A UE should report OOR if there is no valid CSI reference resource for the triggered subframe set.

Proposal 2:

· For TM10 with single CSI process,

· The definition of CSI reference resource should be aligned with that in TM1-9.

· For TM10 with multiple CSI process,

· The CSI reference resource should be valid DL subframe in the latest subframe no later than subframe n – 4 and corresponding to the triggered CSI subframe set
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