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1 Introduction
In Rel-10 carrier aggregation, periodic CSI reports can be dropped when multiple periodic CSI reports collide and/or periodic CSI report collides with HARQ-ACK.
It was discussed in RAN1#67 whether enhancements should be introduced in Rel 11 to avoid extensive CSI dropping. Although almost all companies support the simultaneous transmission of periodic CSI and HARQ-ACK, there were some objections to the simultaneous transmissions of multiple CSI reports.

It was agreed that more evaluations are performed, in order to better understand the necessity of the enhancement. The conclusion was:
Consider further until RAN1#68 the impact of CSI dropping and decide at RAN1#68 if enhancements will be specified for either or both of the above 2 cases in Rel-11

· Take into account in the consideration:

· Possibility of using aperiodic CSI

· Impact on PDCCH loading and link adaptation / power control

· Wideband and sub-band CSI reporting

· Uplink overhead

Simulation assumptions were further agreed, as captured in [1].
In this contribution, we present some performance evaluation results according to the agreed assumptions. A hybrid approach combining PUCCH format 3 and PUSCH is proposed to support the simultaneous transmissions.
2 Performance evaluation and discussion
We conducted system level simulation to evaluate the impact of CSI dropping on DL throughput. A single carrier is assumed, with different report periodicity for both periodic and aperiodic CSI report. We follow the simulation assumptions agreed in [1], with details summarized in the appendix. The gain in DL cell average and cell throughput, relative to the throughput with 2ms periodic CSI, is provided in Figure 1, with negative values meaning throughput loss. The observations include:
· For periodic CSI reporting mode with 3km/h, the average and edge throughput loss is small when the periodicity is increased from 2 ms to 20 ms (< 3%). This is expected because the channel changes very slowly with low speed, and there is no need to report CSI very frequently.
· For periodic CSI reporting mode with 30km/h, the throughput loss is much larger with increasing CSI periodicity. There is ~6% loss in average and ~12% loss in the edge throughput from 5 ms to 20 ms.
· For 3km/h, aperiodic CSI provides much better performance than periodic CSI in both average and edge throughput. This is also expected because the subband feedback provides significant gain for low Doppler channel.

· For 30km/h, aperiodic CSI provides quite similar performance as periodic CSI, meaning the subband feedback does not provide gain any more.

Regarding aperiodic CSI versus periodic CSI, aperiodic CSI on PUSCH is typically a good option for low speed UEs. But as showed in the results, aperiodic CSI no longer has advantage when the UE speed is 30 km/h.
Although these simulations only consider different CSI periodicity, it is expected that CSI dropping can have a similar effect as increased CSI periodicity. Based on the simulation results, although the throughput loss with increased CSI periodicity is small for 3 km/h, the loss starts to raise a concern for higher speed such as 30 km/h, which cannot be simply ignored. Therefore, we propose that simultaneous transmissions of multiple CSI reports should be supported, but it is preferable not to introduce too much additional complexity.
Proposal 1: Simultaneous transmission of multiple periodic CSI reports should be supported.
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Figure 1 DL cell average and edge throughput loss

It is generally agreed by all companies that simultaneous transmission of periodic CSI and HARQ-ACK should be supported. The main reason is that HARQ-ACK timing depends on the DL traffic, so the eNB has very little control in terms of avoiding the collision between periodic CSI and HARQ. There can be excessive dropping in periodic CSI if the UE has very heavy DL traffic. However, reliable and up-to-date CSI feedback is exactly what is needed in this case, in order to provide the UE with high transmission efficiency on the DL.
Proposal 2: Simultaneous transmission of periodic CSI and HARQ-ACK should be supported.
3 Potential Solutions
Generally it is desirable to adopt a unified approach to handle both cases if possible. The periodic CSI report for a component carrier (CC) has a maximum payload size of 11 bits. The HARQ-ACK feedback has a maximum payload size of 10 bits for FDD, and 20 bits for TDD. Therefore, for a UE supporting up to 5 CCs, the maximum payload size for the combined uplink control information (UCI) is 11*5 (CSI) + 10 (HARQ-ACK) + 1 (SR) = 66 bits for FDD and 11*5+20+1 = 76 bits for TDD. The actual combined payload size depends on the number of CCs, the CSI reporting mode, and the number of codewords scheduled.
In Rel-10, the periodic CSI report, when transmitted on PUCCH, is transmitted using PUCCH format 2. Format 2 can carry up to 13 information bits, which is certainly not sufficient to support the maximum combined payload size. In this section, we provide a high level discussion on the pros and cons of different enhancement options that were previously discussed.
1. PUCCH format 3

Pros: with up to 21-bit payload size, it can possibly carry the CSI reports for multiple cells and HARQ-ACK.
Cons: it does not provide a universal solution, because the 21-bit maximum payload size is still too small to support the maximum combined UCI payload size needed (66 bits for FDD and 76 bits for TDD).

2. A new PUCCH format that supports larger payload size

A new PUCCH format (e.g. using reduced spreading factor based on format 2 or format 3 structure) could be defined to support larger payload size.
Cons: this would introduce significant impact on specifications, and require eNB and UE to support the new format. It also introduces further PUCCH resource segmentation because the new format cannot be multiplexed with any existing formats in the same PRB.
This approach should be avoided because of the significant impact it introduces.

3. Multiple PUCCH transmissions (for multiple CSI reports only)
Pros: it can potentially simplify the CSI reporting rules if each CSI report is sent on a different PUCCH.

Cons: it deviates from the existing PUCCH design principle (one PUCCH on PCell only) and does not help with the case where there is only one UL CC and multiple DL CCs. It has significant impact on specifications. Its impact on cubic metric needs further investigation, especially when 5 CCs are supported.
This approach should be avoided because of the significant impact it introduces.
4. PUSCH
Pros: it is a straightforward extension of the existing functionality of carrying aperiodic CSI reports using PUSCH. It is a universal solution that can be used in all scenarios (any reporting mode for up to 5 component carriers). It is more future-proof compared to the other approaches in the sense that it can be extended to support CSI reporting for CoMP, if needed.
Cons: it may be inefficient to use one PRB if the total payload size is small.
PUSCH resource assignment issue: If it happens that there is a PUSCH grant available for any of the configured cells, the periodic CSI can be sent in the assigned PRBs, multiplexed with the data. But for more general cases, there may be a need for a kind of semi-statically configured resource assignment to ensure the transmission. Fortunately this would not result in waste of resource when periodic CSI is not transmitted: Because the eNB has all the configuration information for the UE and the perfect knowledge of when to expect the UE transmission, the eNB could reuse the resource for PUSCH when it is not needed for UCI.

From the above discussions, it is obvious that each option has its own pros and cons. For the reasons mentioned, a new PUCCH format and multiple PUCCH transmissions should be avoided.  The PUSCH option has many advantages, as explained. However, there is the concern on the efficiency for relatively small payload size. Therefore, a hybrid approach combining PUCCH format 3 and PUSCH is proposed.
The hybrid approach aims to combine the benefit from both PUCCH format 3 and PUSCH, while still following the existing specifications as much as possible. The resource assignment for both PUCCH format 3 and PUSCH can be configured via higher layer signalling. It can further be configured whether PUCCH format 3 and/or PUSCH is used at all for this purpose.

· If no PUCCH format 3 or PUSCH resources are configured, the UE would simply follow the rules defined in Rel-10.

· If only PUCCH format 3 resource is configured, the UE sends the UCI for up to 21 bits, and may drop any additional information.

· If only PUSCH resource is configured, the UE sends the UCI over PUSCH whenever the collision occurs.

· If both PUCCH format 3 and PUSCH resources are configured, PUCCH format 3 is used when the combined payload size is <= 21 bits, otherwise PUSCH is used.
This gives great flexibility to the eNB when it configures the UE under different scenarios. If the eNB can use the TDM approach in Rel-10 to avoid the conflict mostly, it can choose not to configure any PUCCH format 3 or PUSCH resources. If the UE only has 2 CCs and the UCI payload size is <= 21 bits most of the time, the eNB can configure PUCCH format 3 only. If there are more CCs and PUCCH format 3 is not sufficient to handle the payload, PUSCH resource can be configured.

Proposal 3: It can be configurable for each UE whether PUCCH format 3 and/or PUSCH are used to enhance the CSI reporting capability.

Proposal 4: The resource assignment for PUCCH format 3 and PUSCH can be configured via higher layer signalling.
Proposal 5: If both PUCCH format 3 and PUSCH resources are configured, PUCCH format 3 is used when the combined payload size is <= 21 bits, otherwise PUSCH is used.

Since this hybrid approach makes the most use of the existing specifications, the impact on the specifications is limited to some simple changes on CSI and HARQ-ACK reporting procedure and additional higher layer signalling to be introduced by RAN2. Since it does not introduce any new transmission format, no RAN4 impact is expected.
There are some issues that need further investigation and may introduce additional specification impact, including:

· The priority order if CSI dropping is allowed for PUCCH format 3
· Separate encoding or joint encoding for CSI and HARQ-ACK

· Given the complexity associated with separate encoding, joint encoding is preferable.
4 Conclusion
UL signalling for periodic CSI reporting for CA should be enhanced to support the simultaneous transmissions of multiple CSI reports, and the simultaneous transmission of CSI report and HARQ-ACK. In this contribution, we discussed the possible options, and proposed the following:

Proposal 1: Simultaneous transmission of multiple periodic CSI reports should be supported.
Proposal 2: Simultaneous transmission of periodic CSI and HARQ-ACK should be supported.
Proposal 3: It can be configurable for each UE whether PUCCH format 3 and/or PUSCH are used to enhance the CSI reporting capability.

Proposal 4: The resource assignment for PUCCH format 3 and PUSCH can be configured via higher layer signalling.
Proposal 5: If both PUCCH format 3 and PUSCH resources are configured, PUCCH format 3 is used when the combined payload size is <= 21 bits, otherwise PUSCH is used.
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Appendix: Simulation assumptions
	
	Assumptions

	Scenario
	3GPP Case 1

	Number of UEs
	10 UEs per sector

	Bandwidth
	10MHz

	Channel model
	ETU 3 km/h and 30 km/h

	Antenna configuration
	2 Tx at the eNB and 2 Rx at the UE, uncorrelated

	Scheduler
	Proportional Fair

	Receiver
	MMSE

	Channel estimation
	Practical

	CSI reporting
	Periodic CSI: 2, 5, 10, 20 ms (mode 1-1, wideband CQI and PMI)

Aperiodic CSI: 5, 10, 20 ms (mode 3-1, wideband PMI, subband CQI, 3RBs per subband)

	Traffic model
	Full buffer
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