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1 Introduction

At RAN1 #80, there is an email discussion about the observations for possible enhancements to UL control signaling [1], in which CSI reporting for CA enhancement beyond 5 carriers are listed as follows:

· At least the following enhancements to CSI reporting need to be considered/specified in order to reduce periodic CSI report dropping probability

· Multiplexing of periodic CSI reports for multiple serving cells

· Multiplexing of periodic CSI reports for multiple serving cells with ACK/NACK feedback

· At least the following enhancements to CSI reporting need to be considered/specified in order to improve the flexibility of aperiodic CSI reporting

· Enhancements to aperiodic CSI triggering and reporting to support up to 32 carriers including more flexible indication of the reported carriers

In this contribution, the potential enhancements for periodic CSI reporting and aperiodic CSI reporting to support up to 32 component carriers aggregation are discussed. 
2 Enhancements to periodic CSI reporting
In Rel-10 CA, to avoid collision when periodic CSI reporting of more than one CCs happens in the same subframe, TDM can be used by configuring different periodicities/offsets, otherwise only one periodic CSI with the highest priority can be transmitted in a single subframe based on some dropping rules. The choice for periodicities of CSI reporting can be {2ms, 5ms, 10ms, 20ms, 32ms, 40ms, 64ms, 80ms, 128ms, 160ms} for FDD and {1ms, 5ms, 10ms, 20ms, 40ms, 80ms, 160ms} for TDD, and the choice for offsets can be any value less than the periodicity. When 5 carriers are configured for a single UE, the minimum periodicity to fully avoid collision should be 5 ms for each carrier.
In Rel-13 CA to support up to 32 CCs, the issue becomes more serious. Extremely when 32 carriers are configured for a single UE, the minimum periodicity to fully avoid collision should be 32 ms for FDD and 160 ms for TDD for each carrier; otherwise the collision of periodic CSI reporting would turn to be inevitable. When collision happens, if still periodic CSI of only one CC with the highest priority is reported in a single subframe, there are too many droppings. Therefore, some enhancements for periodic CSI reporting to support up to 32 CCs should be considered.
To support periodic CSI reporting for up to 32 DL CCs, there are two candidate solutions: either on PUCCH with format 3 or new PUCCH format(s) if defined, or on semi-statically scheduled PUSCH. In details, two sub-options of enhancements on PUCCH are under email discussion for multiple pCSIs simultaneous transmission in one subframe: Multiplexing of periodic CSI reports for multiple serving cells without ACK/NACK on PUCCH, Multiplexing of periodic CSI reports for multiple serving cells with ACK/NACK on PUCCH.
2.1 Multiple pCSIs on PUCCH

Multiplexing of pCSIs for multiple serving cells without ACK/NACK on PUCCH

As analyzed above, the collision of periodic CSI reporting to support up to 32 CCs would turn to be inevitable. Based on the current reporting mechanism of only one periodic CSI with the highest priority, there are too many droppings. Multiplexing of pCSI for multiple serving cells without ACK/NACK on PUCCH should be supported for up to 32 CCs. 
Considering that the maximum payload size of periodic CSI for a single cell is 11 bits, the maximum feedback bits for periodic CSI reporting of up to 32 DL CCs would be 11*32=352 bits. If PUCCH format 3 is used to support multiple pCSIs reporting, at least two pCSIs can be multiplexed to simultaneously transmit in a given subframe. When the total bits of periodic CSI reporting are beyond the maximum capacity 22 bits of PUCCH format 3, some pCSIs should be dropped. Even if new PUCCH format(s) if defined to support larger feedback bits of HARQ-ACK with one design option maybe 128 bits as discussed in [2] are used for multiplexing of pCSI for multiple serving cells, the maximum feedback bits for periodic CSI reporting of up to 32 DL CCs with 352 bits would still be possible beyond the maximum capacity of new PUCCH format(s), thus some dropping rules are still needed.

The priority defined in Rel-10 can be reused. When the total number of CSI bits is less than the maximum payload size, all CSIs can be reported simultaneously in a given subframe. When the total bits exceed the maximum payload size, the CSIs from the cells with higher priority are first filled. If the remaining payload size cannot contain all the CSIs with the next priority, then all CSIs with lower priority are dropped. An example is given in Figure 1 for illustration. Note that the amount of CSIs for the activated cells that need to be reported may be different for different subframes, and then suitable PUCCH formats can be used for better resource utilization. 
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Figure 1. CSI reporting on PUCCH
Based on the discussion and analysis, we have the following proposals.
Proposal 1: Multiplexing of pCSI for multiple serving cells without ACK/NACK on PUCCH should be supported for up to 32 CCs. 

Proposal 2: The priority defined in Rel-10 can be reused for pCSI reporting of up to 32 CCs. 

Multiplexing of pCSIs for multiple serving cells with ACK/NACK on PUCCH

The average collision probability of periodic CSI and HARQ-ACK in FDD is about 45% when 5 carriers with 5ms periodicity for each carrier’s pCSI reporting are configured. In TDD, the collision probability will be even larger, because both periodic CSI and HARQ-ACK need to be transmitted in limited UL subframes. If periodic CSI and HARQ-ACK of up to 32 DL CCs need to be reported in a single UL carrier, the collision would also turn to be inevitable.

Simultaneous transmission of HARQ-ACK and one pCSI is already supported on PUCCH format 3 in Rel-11, but to support both periodic CSI and HARQ-ACK feedback for up to 32 DL CCs with huge average collision probability, the multiplexing should be extended to pCSI for multiple serving cells with ACK/NACK. PUCCH format 3 or new PUCCH format(s) if defined to support larger feedback bits can be used to support multiplexing of pCSI for multiple serving cells and HARQ-ACK. The possible design of new PUCCH format(s) is discussed in [2]. But the total bits of pCSIs and HARQ-ACK would be even larger. Similarly, some dropping rules are also needed.

When the total bits of pCSI and HARQ-ACK are less than the maximum payload size, all pCSI HARQ-ACK and can be reported simultaneously in a given subframe. When the total bits exceed the maximum payload size, ACK/NACK should have the higher priority than periodic CSI, thus periodic CSI should be dropped accordingly.

Based on the discussion and analysis, we have the following proposal.

Proposal 3: Multiplexing of pCSI for multiple serving cells with ACK/NACK on PUCCH should be supported for up to 32 CCs. 

Proposal 4: When the total bits of pCSI and ACK/NACK are beyond the capacity of PUCCH, ACK/NACK should have the higher priority. 

2.2 Multiple pCSIs on PUSCH

Another choice is to multiplex pCSI on PUSCH to enhance periodic CSI reporting of up to 32 CCs. When there is PUSCH transmission in the same subframe, UCI can be piggybacked on PUSCH if PUCCH/PUSCH simultaneous transmission is disabled or is not supported by UE. But when there is no PUSCH transmission in the same subframe, how to get the resource on PUSCH needs to be considered. Similar to aperiodic CSI triggering without data transmission, the resource on PUSCH for periodic CSI reporting can be either dynamically scheduled or semi-persistent scheduled with UL Grant, or semi-statically scheduled with RRC signaling.
If the resources used for periodic CSI are scheduled on PUSCH, the payload size would not be an issue. No priority and dropping mechanism is needed. But instead, the overhead of downlink control signaling increases. Moreover the resources on PUSCH are reserved by UE-specific and cannot be multiplexed by other UEs. Therefore multiplexing of pCSI for multiple serving cells on PUSCH can be considered as one possible solution for up to 32 CCs but need more investigation. Based on the above discussion and analysis, we have the following proposal.

Proposal 5: Multiplexing of pCSI for multiple serving cells on PUSCH can be considered for up to 32 CCs with more investigation. 
3 Enhancements to aperiodic CSI reporting
In this section, the possible enhancements to aperiodic CSI reporting are discussed. In Rel-10 CA aperiodic CSI triggering, 2 bits in the UL grant associated with RRC configured bitmaps are used to support CSI report for a configured set of CCs. We believe that it is flexible enough to support up to 32 carriers and we do not think any enhancement to aperiodic CSI triggering is strictly needed. For aperiodic CSI on PUSCH, a limitation is that only up to 8 serving cells could be configured for aperiodic CSI reporting, given the size of the RRC configured bitmaps related to the two states of the CSI request field. This limitation can be avoided by extending the lengths of the RRC configured bitmaps. 
Another limitation is that in the absence of a TB, UCI on PUSCH is confined to be transmitted on up to 20 PRBs (i.e., a direct scaling with a factor 5 from 4 PRBs in Rel-8). Depending on how many aperiodic CSI reports the UE should be able to feed back simultaneously, it could be discussed whether to increase the number to be larger than 20 PRBs. Therefore, we think that no enhancement for aperiodic CSI transmission is needed in Rel-13 CA except for extending the length of the RRC configured bitmaps (RAN2 issue) and possibly reconsider the limitation of 20 PRBs for aperiodic CSI on PUSCH without UL TB. It may also be discussed how many aperiodic CSI reports that a UE should be capable of transmitting in a subframe. 
Based on the above discussion and analysis, we have the following proposal.

Proposal 6: No enhancement for aperiodic CSI transmission is needed in Rel-13 CA except of increasing the length of the RRC configured bitmaps and possibly increasing the number of PRBs when aperiodic CSI report is transmitted on PUSCH without UL TB. 

4 Conclusion

In this contribution, we provide the description of.

Based on the discussion and analysis, we have the following proposals.

Proposal 1: Multiplexing of pCSI for multiple serving cells without ACK/NACK on PUCCH should be supported for up to 32 CCs. 

Proposal 2: The priority defined in Rel-10 can be reused for pCSI reporting of up to 32 CCs. 

Proposal 3: Multiplexing of pCSI for multiple serving cells with ACK/NACK on PUCCH should be supported for up to 32 CCs. 

Proposal 4: When the total bits of pCSI and ACK/NACK are beyond the capacity of PUCCH, ACK/NACK should have the higher priority. 

Proposal 5: Multiplexing of pCSI for multiple serving cells on PUSCH can be considered for up to 32 CCs with more investigation. 

Proposal 6: No enhancement for aperiodic CSI transmission is needed in Rel-13 CA except of increasing the length of the RRC configured bitmaps and possibly increasing the number of PRBs when aperiodic CSI report is transmitted on PUSCH without UL TB. 
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