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1 Introduction
This contribution discusses remaining details for the aperiodic CSI triggering and aperiodic CSI multiplexing on the following aspects.

· Definition of CSI process

· Configuration details of 2-bit CSI request field in DCI format 0 and 4

· Periodic CSI dropping rule

· UCI-only triggering associated with DL CoMP

· Aperiodic CSI multiplexing details

In the appendix of this contribution, proposed text changes are listed according to the proposals of the contribution.

2 Definition of a CSI process

In RAN1#70, the following is agreed as a definition of  a CSI process.

Agreements:

· Definition: A CSI process is a combination of a NZP CSI-RS resource and an IMR. A given CSI process can be used by periodic and/or aperiodic reporting. 

As a result, CR 36.213 (R1-124012) captured the definition of a CSI process in Section 7.2, as in the following:

A UE in transmission mode 10 can be configured with one or more CSI processes per serving cell by higher layers. Each CSI process is associated with a CSI-RS resource (defined in Section 7.2.5) and a CSI-interference measurement (CSI-IM) resource (defined in Section 7.2.6). A CSI reported by the UE corresponds to a CSI process configured by higher layers.
On the other hand, in RAN1#70bis, the support of the feedback configuration and reporting for simultaneous CA and CoMP was agreed.  Then, the question may arise that whether a CSI process definition should be extended to cover Rel-8 and Rel-10 CSI feedback configurations or not. This is because a UE may not be configured with TM10 for all the configured serving cells. 

If the CSI process definition is not extended to cover Rel-8 and Rel-10 feedback, then the agreement on the aperiodic CSI triggering table applies only for the serving cells configured with TM10, and the UE cannot simultaneously feedback Rel-8/Rel-10 type CSI and Rel-11 type CSI (based on CSI processes) on one PUSCH. This seems to restrict flexibility of the TM configuration across cells. 
On the other hand, if the CSI process definition is extended to cover Rel-8 and Rel-10 feedback as well, the UE can simultaneously feedback Rel-8/Rel-10 type CSI and Rel-11 CSI type on one PUSCH. 
Proposal 1: A UE can be configured with different TMs in different serving cells. 

Proposal 2: The definition of CSI process should be extended to encompass the CSI feedback configuration for TM1-9.

An example change of the text according to Proposal 2 is discussed in Appendix. 

3 2-bit CSI request in DCI format 0 and 4
In RAN1#69, the following was agreed for the introduction of a 2-bit CSI request for CoMP.

Agreement

· In the case of a single CC configuration where multiple CSIs are configured for COMP,  2-bit CSI request field will be used in DCI format 0 (if in UE SS) and DCI format 4 for triggering of aperiodic CoMP feedback 

In RAN1#70bis, the support of the feedback configuration and reporting for simultaneous CA and CoMP was agreed, and hence the agreement need to be revised. Here, one clarification should be made on the meaning of “multiple CSIs”. It is first noted that the the agreement was made before the definition of the CSI process is agreed. The “multiple CSIs” in the agreement seems to imply “multiple CSI processes”, now that we agreed on the introduction of the CSI process. 
Now, in case we extend the definition of CSI process as in Proposal 2, in both of CA and CoMP cases, a UE will be configured with more than one CSI processes, and hence the agreement can be easily extended as in the following.
Proposal 3: When more than one CSI process is configured, 2-bit CSI request field will be used in DCI format 0 (if in UE SS) and DCI format 4. 
An example change of the text according to Proposal 3 is discussed in Appendix. 

In the current 36.212 CR, the following is captured for the 2-bit CSI request.
- CSI request – 1 or 2 bits as defined in section 7.2.1 of [3]. The 2-bit field applies to 

-
UEs that are configured with more than one DL cell,

- 
UEs that are configured by higher layers to report more than one aperiodic CSI; 

otherwise the 1-bit field applies

On the other hand, in the current 36.213 CR Section 7.2.1, the following is captured for the 2-bit CSI trigger.

If the CSI request field size is 2 bits [4] and the UE is configured in transmission mode 1-9, a report is triggered according to the value in Table 7.2.1-1A corresponding to aperiodic CSI reporting.  If the CSI request field size is 2 bits [4] and the UE is configured in transmission mode 10, a report is triggered according to the value in Table 7.2.1-1B corresponding to aperiodic CSI reporting.
…
Table 7.2.1-1A: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search space

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for serving cell 
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	‘10’
	Aperiodic CSI report is triggered for a 1st set of serving cells configured by higher layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd set of serving cells configured by higher layers


Table 7.2.1-1B: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search space

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for a set of CSI process(es) configured by higher layers for serving cell 
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	‘10’
	Aperiodic CSI report is triggered for a 1st set of CSI process(es) configured by higher layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd set of CSI process(es) configured by higher layers


It is first noted that the text in the CR does not seem to reflect the previous agreement of CSI triggering bit configuration, where the configuration of the new table is associated with number of CSI processes in the serving cell, rather than the configured TM. Furthermore, the current text in the CR can be read that in each subframe a UE has to first consider a TM of serving cell c, to select a table out of the two tables to determine CSIs to transmit on the scheduled PUSCH. RAN1 have not had a clear agreement on this aspect, and a clarification seems to be necessary. 

There could be two alternatives for a UE to interpret the 2-bit CSI request trigger in case CA+CoMP is configured. 
· Alt 1: The contents of aperiodic CSI are determined according to a single table, irrespective of the TM of the serving cell c. 

· Alt 2: The contents of aperiodic CSI are determined according to one selected table out of the two tables, where the selection is dependent upon the TM of serving cell c. 

For simplicity of the UE implementation, Alt 1 is preferred over Alt 2. 
Furthermore, when the CSI process definition is extended according to proposal 2, and when there is no dynamic switching of CSI triggering tables as in Alt 1, Table 7.2.1-1A does not seem to be needed any more, and Table 7.2.1-1B can capture the RAN1 agreement in Rel-11 as well as the R10 carrier aggregation operation. Here, one clarification may be needed on the meaning of “a set of CSI process(es) configured by higher layers for serving cell 
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” for codepoint ‘01’. In case a legacy type CSI process is configured for serving cell c, “a set of CSI process(es) configured by higher layers for serving cell 
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” shall be the legacy type CSI process. 
Proposal 4: The contents of aperiodic CSI are determined according to Table 7.2.1-1B, irrespective of the TM of the serving cell c, in all the cases of CA, CA+CoMP, or CoMP. 
An example change of the text according to Proposal 4 is discussed in Appendix. 

4 Periodic CSI Dropping Rule

In RAN1#70, the following was agreed for periodic CSI dropping. 

· Dropping rule is supported based on reporting type and CSI process/CC index

· Alt 1: Reporting type ( CSI process index ( CC index

· Alt 2: Reporting type ( CC index ( CSI process index

Agreement: 

Alt 1 of dropping rule is agreed. 


Examples:


Alt 1: P1, S0 -->S0


Alt 2: P1, S0 -->P1


Alt 1/2: P0, S0 -> P0

Current 36.213 CR (Section 7.2.2) captures the tie-breaking part of the agreement as in the following.

For a given subframe and UE in transmission mode 1-9, in case of collision between CSI reports of different serving cells with PUCCH reporting type of the same priority, the CSI of the serving cell with lowest ServCellIndex is reported, and CSI of all other serving cells are dropped.

For a given subframe and UE in transmission mode 10, in case of collision between CSI reports of different serving cells with PUCCH reporting type of the same priority and the CSI reports corresponding to CSI processes with same CSIProcessIndex, the CSI reports of all serving cells except the serving cell with lowest ServCellIndex are dropped.

For a given subframe and UE in transmission mode 10, in case of collision between CSI reports of different serving cells with PUCCH reporting type of the same priority and the CSI reports corresponding to CSI processes with different CSIProcessIndex, the CSI reports of all serving cells except the serving cell with CSI reports corresponding to CSI process with the lowest CSIProcessIndex are dropped.

The current description seems to assume that a UE is configured with only one type of TM across all the serving cells. For flexible TM configuration across serving cells, the TM dependency should be removed from the description. 
One way of capturing the agreement when the CSI process definition is extended to cover the legacy type of CSI processes as in Proposal 2 could be as in the following. There we introduce a default CSIProcessIndex for the legacy type of CSI processes to be the smallest possible CSI process number, in order to prioritize legacy CSI transmission over Rel-11 CSI transmissions in case CSI of higher-numbered CSI process is triggered for the serving cells configured with TM10. 
Proposal 5: Introduce a default CSIProcessIndex = 1 for legacy CSI processes. 

An example change of the text according to Proposal 5 is discussed in Appendix. 

5 UCI-Only PUSCH triggering
In a working copy of the 36.213 CR from the RAN1 rapporteur after RAN1#70, the following text and comment were captured for UCI-only in case CSI report on more than one CSI process is triggered. 
For
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 or, if DCI format 4 is used and only 1 TB is enabled and 
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 for the enabled TB and the number of transmission layers is 1, and if

· the “CSI request” bit field is 1 bit and is set to trigger an aperiodic CSI report and 
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· the “CSI request” bit field is 2 bits and is triggering an aperiodic CSI report for one serving cell according to Table 7.2.1-1A, and , 
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 or,

· the “CSI request” bit field is 2 bits and is triggering aperiodic CSI report for more than one serving cell according to Table 7.2.1-1A and, 
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· the “CSI request” bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI according to Table 7.2.1-1B and, 
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then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE. 
In addition, RAN1#70bis has agreed on the maximum number of CSI processes per serving cell:
· Max number of CSI processes, P, is a UE capability for TM10-capable UEs {1,3,4}

Having the agreement, the total number of CSI processes which one aperiodic CSI report is triggered for, is determined by the UE capability, and the total number can be as large as 4*5 = 20 processes. Reminding that the 20 PRBs for the upper limit of the number of PRBs to trigger UCI-only PUSCH in Rel-10 was considering a CSI report on 5 CCs, 20 PRBs are not sufficient to ensure reliable decoding of UCI-only PUSCH in case a report on 20 CSI processes is triggered. To determine the threshold number of PRBs, the following two alternatives are considered. 
· Alt 1: UCI-only PUSCH is triggered when the “CSI request” bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process according to Table 7.2.1-1.

· Alt 2: UCI-only PUSCH is triggered when the “CSI request” bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process according to Table 7.2.1-1 and 
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Alt 1 gets rid of the upper limit of PRBs to trigger a UCI-only PUSCH. In case the system bandwidth is 100 PRBs, there will not be decoding reliability issue for the UCI-only PUSCH regardless of the number of CSI processes and the number of configured serving cells. However, Alt 1 effectively makes it impossible to use one redundancy version of HARQ (rv=1).

Alt 2 assumes that a UE can be configured with at most 2 cells in most of the scenarios, and it ensures that the UCI-only PUSCH can be transmitted without decoding reliability issue by allowing configuration of 4·2P, where P ∈ {1,3,4}. It increases the number of PRBs only when the legacy number of PRBs (which is 20) has a potential issue of having high code rate. It is noted that even in the case where the UE is configured with more than 2 cells, eNB can restrict the number of CSI processes for a UCI-only PUSCH by implementation, so that the number of CSI processes does not exceed 2P. 

Having these discussions, Alt 2 is preferred over Alt 1. 

Proposal 6: The maximum number of scheduled PRBs to trigger UCI-only PUSCH is max{20,8P},
An example change of the text according to Proposal 6 is discussed in Appendix. 

6 Aperiodic CSI multiplexing on PUSCH

In RAN1#70bis, the following was agreed on the RI reference process.

Agreement: 

For Aperiodic feedback, take the following proposal as agreement out of this meeting

· When a reference process is configured

· A RI-reference-process can be configured for a CSI process

· RI of the process can be configured to inherit its value from the RI reported in the same subframe of the RI-reference-process
· The RI computation for a first CSI process, without a reference CSI process, is derived solely based on the first CSI process, it does not take into account any other CSI processes, regardless if a second CSI process has been configured with the first CSI process as a reference  CSI process

For Aperiodic feedback, when a reference process is configured:

· A CSI process must be configured for the same CC as the reference CSI process
· There is no rank signalling compression
· A CSI Process with reference CSI Process can only be triggered in a subframe in which the reference CSI Process is also triggered 
· The UE is not expected to receive triggering commands that is not compliant with the above condition
Having this agreement, up to one RI per CC can be transmitted on a PUSCH, and hence the RI(s) can be multiplexed on the PUSCH as in the same way as in Rel-10. 

On the other hand, the coding method for CQI/PMIs corresponding to multiple CSI processes should be determined. Extending carrier aggregation in Rel-10, a joint coding across all the CQI/PMIs would be preferred. To determine the order of the multiple CQI/PMIs, suppose that a PUSCH triggering could be for C cells, where a CSI report on cell c is for Xc CSI processes. Then, a natural way to extend the carrier aggregation in Rel-10 would be placing CQI/PMIs sequentially in an ascending order of the CSI process numbers in each serving cell, starting from a lowest numbered serving cell to the highest.

Proposal 7: To keep the commonality with Rel-10 carrier aggregation, aperiodic CQI/PMI for CoMP is multiplexed on a PUSCH as in the following:

· A joint coding is applied for all the CQI/PMIs multiplexed on the PUSCH.

· CQI/PMI information bits to enter the channel coding block are placed sequentially in an ascending order of the CSI process numbers in each serving cell, starting from a lowest numbered serving cell to the highest.

7 Conclusion
This contribution proposed the following.
Proposal 1: A UE can be configured with different TMs in different serving cells. 

Proposal 2: The definition of CSI process should be extended to encompass the CSI feedback configuration for TM1-9.

Proposal 3: When more than one CSI process is configured, 2-bit CSI request field will be used in DCI format 0 (if in UE SS) and DCI format 4. 

Proposal 4: The contents of aperiodic CSI are determined according to Table 7.2.1-1B (a new CSI triggering table defined for CoMP), irrespective of the TM of the serving cell c, in all the cases of CA, CA+CoMP, or CoMP. 

Proposal 5: Introduce a default CSIProcessIndex = 1 for legacy CSI processes. 
Proposal 6: The maximum number of scheduled PRBs to trigger UCI-only PUSCH is max{20,8P}.

Proposal 7: To keep the commonality with Rel-10 carrier aggregation, aperiodic CQI/PMI for CoMP is multiplexed on a PUSCH as in the following:

· A joint coding is applied for all the CQI/PMIs multiplexed on the PUSCH.

· CQI/PMI information bits to enter the channel coding block are placed sequentially in an ascending order of the CSI process numbers in each serving cell, starting from a lowest numbered serving cell to the highest.
In addition, proposed text changes are discussed in Appendix. 
APPENDIX: Proposed Text Changes

In this appendix, text changes are proposed according to the proposals in this contribution.

Proposal 2: The definition of CSI process should be extended to encompass the CSI feedback configuration for TM1-9.

Proposed text change in Section 7.2 of 36.213
A UE can be configured with one or more CSI processes per serving cell by higher layers. Each CSI process is associated either with a CSI-RS resource (defined in Section 7.2.5) and a CSI-interference measurement (CSI-IM) resource (defined in Section 7.2.6) for TM10, or with a CQI-ReportConfig for TM1-9. A CSI reported by the UE corresponds to a CSI process configured by higher layers.
Proposal 3: When more than one CSI process is configured, 2-bit CSI request field will be used in DCI format 0 (if in UE SS) and DCI format 4. 

Proposed text change in Sections 5.3.1.1.1 and 5.3.1.1.8 of 36.212:

- CSI request – 1 or 2 bits as defined in section 7.2.1 of [3]. The 2-bit field applies to 


- 
UEs that are configured by higher layers to report aperiodic CSI on more than one CSI process; 

otherwise the 1-bit field applies.
Proposal 4: The contents of aperiodic CSI are determined according to Table 7.2.1-1B, irrespective of the TM of the serving cell c, in all the cases of CA, CA+CoMP, or CoMP. 

Proposed text change in Section 7.2.1  of 36.213:

If the CSI request field size is 2 bits [4], a report is triggered according to the value in Table 7.2.1-1 corresponding to aperiodic CSI reporting.  
…

	
	

	
	

	
	


	
	

	
	


Table 7.2.1-1: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search space

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for a set of CSI process(es) configured by higher layers for serving cell 
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	‘10’
	Aperiodic CSI report is triggered for a 1st set of CSI process(es) configured by higher layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd set of CSI process(es) configured by higher layers


Proposal 5: Introduce a default CSIProcessIndex = 1 for legacy CSI processes. 

Proposed text change in Section 7.2.2 of 36.213:


In case of collision between CSI reports of different serving cells with PUCCH reporting type of the same priority and the CSI reports corresponding to CSI processes with same CSIProcessIndex, the CSI reports of all serving cells except the serving cell with lowest ServCellIndex are dropped.

In case of collision between CSI reports of different serving cells with PUCCH reporting type of the same priority and the CSI reports corresponding to CSI processes with different CSIProcessIndex, the CSI reports of all serving cells except the serving cell with CSI reports corresponding to CSI process with the lowest CSIProcessIndex are dropped.
Here, CSIProcessIndex for any CSI process associated with TM1-9 is 1. 
Proposal 6: The maximum number of scheduled PRBs to trigger UCI-only PUSCH is max{20,8P}.
Proposed text change in Section 8.6.2 of 36.213:

For
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 or, if DCI format 4 is used and only 1 TB is enabled and 
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 for the enabled TB and the number of transmission layers is 1, and if

· the “CSI request” bit field is 1 bit and is set to trigger an aperiodic CSI report and 
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· the “CSI request” bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1, and , 
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· the “CSI request” bit field is 2 bits and is triggering aperiodic CSI report for more than one CSI process to Table 7.2.1-1 and, 
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then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE. 
�This will be updated in future drafts based on further RAN1 decisions
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