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1 Introduction

In RAN1#70bis the following working assumption was confirmed:

· Working assumption is confirmed from RAN1#70 to support the feedback configuration and reporting for simultaneous CA and CoMP
This contribution discusses the details for multiplexing of aperiodic CSI feedback for CoMP only or for simultaneous CA and CoMP. 
· RI encoding mechanism for simultaneous CA and CoMP
· CSI concatenation mechanism for CoMP only or simultaneous CA and CoMP
· UCI-only determination and modulation order determination for CoMP only or simultaneous CA and CoMP
2 RI encoding
In was agreed at RAN1#70bis that the maximum number of CSI processes (on a component carrier), P, is a UE capability for TM10-capable UEs {1,3,4}. When one component carrier and multiple CSI processes are configured, at most 4 CSI processes need to be reported in one PUSCH. The total payload size of RI in this case will not exceed RI encoding capacity defined in TS 36.212 section 5.2.2.6:

· If RI feedback consists of 
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 bits of information as a result of the aggregation of RI bits corresponding to multiple DL cells, i.e., 
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, then the coded bit sequence 
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 is obtained by using the bit sequence 
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 as the input to the channel coding block described in section 5.2.2.6.5.

When more than one component carrier and multiple CSI processes per component carrier are configured, considering that the maximum number of component carriers in CA is 5, there may be at most 20 CSI processes that need to be reported in one PUSCH. In this case, the total payload size of RI may be 20×3 = 60 bits in case all CSI-RS resources are configured with 8 antenna ports. Three options are available:

· Option 1: use a different RI encoding mechanism such as a triple RM encoder or TBCC.
· Option 2: drop some of the CSIs until the remaining RI payload size is not larger than 22 bits.
· Option 3: limit the number of CSI processes in each triggering set.
An example of priority definition for option 2 is shown in Table 1, assuming that in one carrier, at most 4 CSI processes are configured. Each CSI process in each carrier has a unique priority according to Table 1. Lower priority index corresponds to lower priority, and the dropping of CSI should be in increasing order of priority index, until the remaining RI’s payload size is no larger than 22 bits. Assuming there are 3-bits RI in each CSI and 20 CSIs are triggered, then CSIs with priority 0~12 should be dropped, and CSIs with priority 13~19 should be reported.
Table 1. An example of priority of aperiodic CSI reporting
	CSI Process
	CC0
	CC1
	CC2
	CC3
	CC4

	0
	Priority 19
	Priority 18
	Priority 17
	Priority 16
	Priority 15

	1
	Priority 14
	Priority 13
	Priority 12
	Priority 11
	Priority 10

	2
	Priority 9
	Priority 8
	Priority 7
	Priority 6
	Priority 5

	3
	Priority 4
	Priority 3
	Priority 2
	Priority 1
	Priority 0


With option 3, as discussed in a companion contribution [2], it is still possible to report up to 18 CSI processes with 3 CSI requests in case of 8 Tx for each TP on each CC using dual RM encoder, while limiting the number of CSI processes that can be triggered by a single CSI request to 7. Considering that the additional 2 CSI processes could be reported by periodic feedback, and that introducing different encoding mechanisms may need performance evaluations, option 3 with modification of the maximum RI encoding capacity from 15 to 21 is preferred to options 1 and 2. Since the eNB would not be expected to trigger more than 7 CSI processes with 1 CSI request, the specifications could directly limit the maximum number of CSI processes in one trigger to 7. Note that by supporting 7 CSI processes with one CSI request, the size of UCI only on PUSCH should support up to 28 PRBs.
Proposal 1: 
· The maximum number of CSI processes that can be configured in one aperiodic CSI feedback set is limited to Q=7.

· Increase the maximum size of RI encoding from 15 to 21 bits on PUSCH
· The size of UCI only on PUSCH should support up to 28 PRBs
3 CSI concatenation
In TS 36.212 section 5.2.2.6, it is specified that:

For the case where CSI feedback for more than one DL cell is to be reported, the CSI report for each DL cell is concatenated prior to coding in increasing order of cell index. 
In Rel-11, for the case where CSI feedback for more than one CSI process and one DL cell is to be reported, a similar ordering rule must be defined. A simple solution would be to define that the CSI report for each CSI process is concatenated prior to coding in increasing order of CSIProcessIndex. For the case where CSI feedback for more than one CSI process and more than one DL cell is to be reported, the CSI reports are concatenated prior to coding first in increasing order of CSIProcessIndex for each DL cell and then in increasing order of cell index for different DL cells.
An example of CSI concatenation order is shown in Table 2, assuming that in one carrier, at most 4 CSI processes are configured. Each CSI process in each carrier has a unique priority according to Table 2. The CSI reports are concatenated prior to coding in increasing order of the unique priority of CSI process. 
Table 2. An example of priority of CSI concatenation order
	CSI Process
	CC0
	CC1
	CC2
	CC3
	CC4

	0
	Priority 0
	Priority 4
	Priority 8
	Priority 12
	Priority 16

	1
	Priority 1
	Priority 5
	Priority 9
	Priority 13
	Priority 17

	2
	Priority 2
	Priority 6
	Priority 10
	Priority 14
	Priority 18

	3
	Priority 3
	Priority 7
	Priority 11
	Priority 15
	Priority 19


Proposal 2:
· For the case where RI feedback for more than one CSI process is to be reported and the UE is in transmission mode 10, the RI reports are concatenated prior to coding first in increasing order of CSIProcessIndex for each DL cell and then in increasing order of cell index for different DL cells. 

· For the case where CQI/PMI feedback for more than one CSI process is to be reported and the UE is in transmission mode 10, [image: image5.wmf]1
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is the result of concatenating the CQI/PMI reports in increasing order of CSIProcessIndex for each DL cell first and then in increasing order of cell index for different DL cells.
4 UCI-only determination and modulation order determination
In Rel-10, the maximum number of PRBs used for UCI-only feedback is 4 for one component carrier or 20 for more than one component carrier. As discussed in section 2, when one component carrier and multiple CSI processes are configured, there are at most 4 potential CSI processes that need to be reported. In this case, 20 PRBs can satisfy the feedback requirement of up to 4 CSI processes. However, considering 20 PRBs may waste some resources, 16 PRBs is preferred in this case. 
When more than one component carrier and multiple CSI processes per component carrier are configured, there may be at most 20 potential CSI processes that need to be reported. In this case, 20 PRBs are not sufficient if more than 5 CSI processes on more than one component carrier are triggered. However, a fixed large threshold of number of PRBs for UCI only on PUSCH for CoMP with CA would not be satisfying for scheduling data. Therefore, we propose that the threshold corresponds to the number of configured CSI processes for a UE configured in TM10 with CA. If a limitation to the number of CSI processes triggered by one CSI request is introduced, such as in proposal 1, the maximum size of UCI only on PUSCH can be limited to e.g. 28 PRBs.
Note that UCI only on PUSCH with more than 1 layer transmission may be used to reduce the overhead when UL MIMO is supported.

Observation: the size of PUSCH for UCI only needs to be increased beyond 4 PRBs in order to support feedback of more than one CSI process for CoMP without CA. For CoMP with CA, the size should be increased beyond 20 PRBs if only 1 layer transmission is allowed for UCI only PUSCH.
Proposal 3: In TM10, if the UE is triggered more than 1 CSI process, UCI only is transmitted on PUSCH if the allocation size is 4×N PRBs or less, where N is the number of triggered CSI processes.
The related text proposal for TS36.213 is provided in appendix.
5 Conclusions
This contribution discusses detailed multiplexing for aperiodic CSI feedback for CoMP only or simultaneous CA and CoMP. The following are proposed:

Proposal 1: 
· The maximum number of CSI processes that can be configured in one aperiodic CSI feedback set is limited to Q=7.

· Increase the maximum size of RI encoding from 15 to 21 bits on PUSCH
· The size of UCI only on PUSCH should support up to 28 PRBs
Proposal 2:
· For the case where RI feedback for more than one CSI process is to be reported and the UE is in transmission mode 10, the RI reports are concatenated prior to coding first in increasing order of CSIProcessIndex for each DL cell and then in increasing order of cell index for different DL cells. 

· For the case where CQI/PMI feedback for more than one CSI process is to be reported and the UE is in transmission mode 10, [image: image6.wmf]1
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is the result of concatenating the CQI/PMI reports in increasing order of CSIProcessIndex for each DL cell first and then in increasing order of cell index for different DL cells.
Proposal 3: If the UE is triggered more than 1 CSI process, UCI only is transmitted on PUSCH if the allocation size is 4×N PRBs or less, where N is the number of triggered CSI processes.
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Appendix
Text proposal for TS 36.213:
For UCI-only determination, TS 36.213 section 8.6.2 should be modified as follows:
For
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· if DCI format 0 is used and 
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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 for one CSI process 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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· 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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· the “CSI request” bit field is 1 bit and is set to trigger aperiodic CSI report for more than one CSI process and 
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 is the number of triggered CSI processes , or

· the “CSI request” bit field is 2 bits and is triggering aperiodic CSI report for more than one CSI process and one or more serving cells according to Table 7.2.1-1B, and , 
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 is the number of triggered CSI processes ,
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. 
For modulation order determination, TS 36.213 section 8.6.1 should be modified as follows:
For
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 the modulation order (
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· if DCI format 0 is used and 
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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 signalled number of transmission layers is 1, and if

· the “CSI request” bit field is 1 bit and the bit is set to trigger an aperiodic report for one CSI process 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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· the “CSI request” bit field is 2 bits and is triggering an 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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· the “CSI request” bit field is 1 bit and is set to trigger aperiodic CSI report for more than one CSI process and 
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 is the number of triggered CSI processes , or

· the “CSI request” bit field is 2 bits and is triggering aperiodic CSI report for more than one CSI process and one or more serving cells according to Table 7.2.1-1B, and , 
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then the modulation order is set to 
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End of text proposal
Note: according to the new draft CR to 36.213 (post 70bis), if the CSI request field size is 2 bits 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 7.2.1-1B is reproduced below for convenience.
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
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