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1. Introduction
At the RAN1#82 meeting, potential enhancements to aperiodic CSI feedback were discussed, and following agreements and working assumptions were achieved [1].

	Agreements:

· Confirm the following working assumptions in RAN1#81:
· To improve the flexibility of aperiodic CSI triggering in Rel-13 CA, at least it is supported to increase the number of aperiodic CSI sets compared to Rel-12 CA.
· This does not imply that increased number of CSI request bits is necessary.
· If the UE is configured with PUCCH on Scell, the above enhancement can be applied per PUCCH CG.
·  Further details are FFS.
Working assumptions:

· To increase the number of aperiodic CSI sets for flexible aperiodic CSI triggering in Rel-13 CA,
· Size of aperiodic CSI request field is increased to 3 bits. 
· RRC-configured aperiodic CSI sets are commonly configured for all UL cells/subframes as in Rel-12 CA.


In this contribution, we present our views on the necessary enhancements for aperiodic CSI feedback for CA with up to 32 carriers, the discussion on UE behavior for multi-cell periodic CSI feedback can be found in our companion contribution [2].
2. Enhancements to A-CSI triggering
It was agreed to increase the number of aperiodic CSI sets for flexible aperiodic CSI triggering in Rel-13 CA. The working assumption made in last meeting is a straightforward extension of the existing A-CSI triggering mechanism. 3-bit CSI request field enables to request one of 6 different CSI sets, which is much flexible compared to the current aperiodic CSI reporting. Similar with the current 2-bit CSI request field, the 3-bit CSI request should be applied only when a certain condition is met, e.g., when the UE is configured with Rel. 13 CA configuration (e.g., more than 5 CCs) and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI. In addition, if the aperiodic CSI request transmitted in different subframes/carriers can trigger different sets of serving cells, the number of CSI request ‘states’ can be increased further. However, considering the limited time of Rel. 13 CA specification work, it is sufficient to only increase the CSI request field to 3 bits without exploiting the side information in Rel.13 CA. Note that when the UE is configured with PUCCH on SCell, the aperiodic CSI triggering is per PUCCH CG basis [3]. This is equivalent to increase the number of CSI sets based on which PUCCH CG the A-CSI is triggered.
Proposal 1:

· Confirm the following working assumptions in RAN1#82:

· To increase the number of aperiodic CSI sets for flexible aperiodic CSI triggering in Rel-13 CA,
· Size of aperiodic CSI request field is increased to 3 bits. 
· RRC-configured aperiodic CSI sets are commonly configured for all UL cells/subframes within a PUCCH group.
Another discussion point is whether to increase the number of configurable CSIs that can be triggered by one code-point. For a Rel. 13 UE configured with more than 5 carriers, it is expected that the UE capability of aperiodic CSI processing should be improved as well. Besides, in order to make sure that 3-bit A-CSI request field works without side information, it is reasonable to slightly increase the supportable maximum number of aperiodic CSIs per code-point. Considering the commonality with cross-carrier scheduling enhancement, it could be up to 8 CSIs/CSI processes. This implies that the bit length of RRC message can be kept as it is.
Proposal 2:

· The number of aperiodic CSIs per aperiodic CSI request field code-point should be increased in Rel.13 CA.

· The maximum number is suggested to be 8.
3. Enhancements to A-CSI without UL-SCH transmission
If it is agreed to increase the number of CSIs per CSI request up to 8, enhancements to aperiodic CSI without UL data should be considered as well. In Rel. 8, the number of PRBs for aperiodic CSI alone on PUSCH is 4 and in Rel. 10 the number of PRBs is extended to 20 since the UE is not expected to to be configured with more than 5 CSIs per CSI request. Bearing this principle and taking maximum number of P-CSIs into consideration, the number of PRBs should be increased up to 32. In addition, current modulation of aperiodic CSI without UL-SCH is limited to QPSK indicated by IMCS of which the value is 29 and NPRB of which the value is less than 4/20 for single /multi CSIs in Rel. 12 [4]. In order to reduce the necessary number of PUSCH PRBs for A-CSI, application of higher order modulation to the aperiodic CSI without UL-SCH should be considered. Following three options can be considered.
Option 1: Modulation order of A-CSI without UL-SCH is semi-statically determined by higher-layer signalling.
The only difference between option 1 and current mechanism is that the modulation order for aperiodic CSI without UL-SCH can be changed from QPSK to 64QAM semi-statically according to the channel condition. This option increases some flexibility. However, fixed use of higher-order modulation has a risk that the A-CSI cannot be received correctly. From Rel. 8, the PDSCH/PUSCH modulation order is indicated by eNB dynamically. Hence, the principle of dynamic indication of modulation order should be kept for the A-CSI.    
Option 2: Modulation order of A-CSI without UL-SCH is determined by that of the latest PUSCH transmission.

The modulation order of ‘aperiodic CSI only’ transmission can be the same as that of the latest PUSCH transmission. Compared to option 1, this option does not need any signalling and has more flexibility. However, the applied modulation order may be outdated, and may be not consistent with current channel condition. 
Option 3: Modulation order of A-CSI without UL-SCH is determined by the value of IMCS. 
The modulation order of aperiodic CSI without UL-SCH can be determined by IMCS. It is possible to use the value of IMCS from 29 to 31 included in UL grant to trigger the aperiodic CSI only transmission. Different IMCS can indicate different modulation order applied to aperiodic CSI only transmission. An example is as shown in Table 1. This option is the most flexible, efficient and does not need any additional signalling.
Table 1. Mapping of IMCS and Modulation order for A-CSI without UL-SCH
	IMCS
	Modulation order 

	29
	QPSK

	30
	16 QAM

	31
	64 QAM


Proposal 3:
· Consider higher order modulation and/or larger number of PUSCH PRBs for aperiodic CSI on PUSCH without UL-SCH if the increased number of CSIs per CSI request is supported.

4. New wideband only A-CSI reporting mode
There was an extensive discussion on the introduction of the new wideband only aperiodic CSI reporting mode in last meeting [4].  In some scenarios with CA of more than 5 carriers (e.g., LAA), wideband only aperiodic CSI report mode is beneficial to maintain a good UL coverage and reduce the UL overhead [5]. There was an argument that wideband only CSI reporting is the function of periodic CSI reporting mode, and by using this with shorter periodicity instead, it is already possible for eNB to obtain timely wideband CSI report. It was also said that the periodic CSI with shorter periodicity can also reduce DL control signalling overhead by avoiding frequent UL grant. However, in case of periodic CSI with shorter periodicity, flexible control of UL overhead is difficult. Since each of the options have pros and cons, wideband only P-CSI and A-CSI reporting modes could complement each other.  Especially for the potential usage scenarios of Rel. 13 CA including LAA, wideband only A-CSI reporting mode would have an important role.
Proposal 4:

· Wideband-only aperiodic CSI report mode should be supported in Rel.13 CA.

5. Conclusion
In this contribution, we discussed potential aperiodic CSI enhancements to CA of up to 32 CCs and proposed the following.
Proposal 1:

· Confirm the following working assumptions in RAN1#82:

· To increase the number of aperiodic CSI sets for flexible aperiodic CSI triggering in Rel-13 CA,
· Size of aperiodic CSI request field is increased to 3 bits. 
· RRC-configured aperiodic CSI sets are commonly configured for all UL cells/subframes within a PUCCH group.
Proposal 2:

· The number of aperiodic CSIs per aperiodic CSI request field code-point should be increased in Rel.13 CA.

· The maximum number is suggested to be 8.
Proposal 3:
· Consider higher order modulation and/or larger number of PUSCH PRBs for aperiodic CSI on PUSCH without UL-SCH if the increased number of CSIs per CSI request is supported.

Proposal 4:

· Wideband-only aperiodic CSI report mode should be supported in Rel.13 CA.
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