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1. Summary

This contribution further explores the scheme presented in [1].  In this contribution, we propose that Rel-10 should support simultaneous transmission of CQI and ACK/NACK (A/N) on PUCCH with Carrier Aggregation in Rel-10. By configuring the simultaneousAckNackAndCQI parameter, the eNB can choose whether simultaneous CQI and A/N reporting can be applied based on pre-defined performance criteria and channel conditions. At least for A/N PUCCH reports with channel selection, the same periodic PUCCH resource and backward compatible formats should be available to be used as a natural extension to Rel-8/9. Furthermore, considering the PUCCH capacity and variable payload sizes of CQI and A/N, the A/N bits should be transmitted with minimum bundling to match the PUCCH capacity.

In order to minimize the dropping of CQI/PMI/RI in the event of a collision between CSI and A/N reporting, when channel conditions allow, we propose that:

In at least the case of less than or equal to 4 A/N bits, simultaneous CQI/PMI/RI and A/N reporting on PUCCH should be supported in Rel-10 and configurable by the eNB. When configured for simultaneous A/N reporting, extensions of Format 2/2a/2b should be used taking into account PUCCH capacity and UCI payload.

The next section discusses the motivations for specifying this behavior for Rel-10. This is followed by conclusions; in the Annex we provide a summary review of the proposal presented in [1].
2. Support of simultaneous CQI and A/N reporting, and UCI transmission priorities
In LTE Rel-8/9, in case of collision between a CQI/PMI/RI and an A/N in the same subframe without a scheduled PUSCH transmission, one or two bits of A/N can be multiplexed with CQI/PMI/RI on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, otherwise the CQI/PMI/RI is dropped [7]. 

For LTE Rel-10 and beyond with carrier aggregation, more A/N bits need to be transmitted when configured to operate when multiple cells/carriers are active. In case of collision between a CQI/PMI/RI report and an A/N transmission in a same subframe on PUCCH, CQI/PMI/RI dropping should also be supported. However, the CQI and A/N collision probability increases with the number of CCs as shown in [3], using update rates that are consistent with the use case scenario for Rel-10 [8].  Therefore, some kinds of simultaneous CQI/PMI/RI and A/N reporting should also be supported. For more than two bits of A/N, the Rel-8/9 method will not be sufficient to support simultaneous CQI and A/N reporting. The same parameter simultaneousAckNackAndCQI in Rel-8/9 can be reused, as suggested in [1]
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[5]. In case of collision between a CQI/PMI/RI and an A/N report in a same subframe on PUCCH, CQI/PMI/RI and A/N are reported together if simultaneousAckNackAndCQI is TRUE. 

In some sense, the parameter simultaneousAckNackAndCQI defines the priority of CQI and A/N transmission. Set simultaneousAckNackAndCQI to FALSE gives absolute priority to A/N over CQI/PMI/RI. The parameter simultaneousAckNackAndCQI can be set to TRUE if the channel condition is good enough to allow both control messages can be transmitted together, and a control objective of the eNB is to minimize collision probability between CQI/PMI/RI and A/N. The payload of CQI/PMI/RI of a CC ranges from 1 or 2 bits of RI to up to 11 bits of CQI. For small payload of A/N and CQI/PMI/RI, the CQI/PMI/RI dropping wastes PUCCH capacity. Thus, the total payload should be considered for simultaneous CQI/PMI/RI and A/N reporting.

The PUCCH capacity 
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 can be defined as the maximum number of information bits that can be transmitted on a PUCCH format according to a predefined error criterion (i.e., it can be considered as a measure of “PUCCH channel goodness” for a given format). Based on the channel condition, the eNB could set the PUCCH capacity for a UE. To maximize the control information feedback, set simultaneousAckNackAndCQI to TRUE allows simultaneous CQI/PMI/RI and A/N bits up to the PUCCH capacity, as proposed in [1]. 
3. Conclusions

We propose, in order to minimize the dropping of CSI in the event of a collision between CSI and A/N reporting, that:

· In at least the case of less than or equal to 4 A/N bits, simultaneous CQI/PMI/RI and A/N reporting on PUCCH should be supported in Rel-10 and configurable by the eNB by the simultaneousAckNackAndCQI parameter. 

· Re-use and extension of Format 2/2a/2b should take into account PUCCH capacity and total payload, at least for up to 4 bits of A/N with channel selection.
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5. Annex: Backward compatible formats for simultaneous CQI and A/N reporting 

For simultaneous CQI and A/N reporting on PUCCH in Rel-10, we propose to use the semi-statically allocated periodic CSI PUCCH resource as a natural extension of Rel-8/9. Furthermore, we should reuse the Rel-8/9 Format 2/2a/2b-based PUCCH. This is especially true for UEs that support up to 4 bits of A/N where channel selection is used for A/N report on PUCCH. Since the new Format 3 is not supported by these UEs, Format 2 based format has to be used. Furthermore, with the A/N payload limited to up to 4 bits, simultaneous CQI and A/N reporting brings less PUCCH performance degradation.

The simultaneous reporting can be achieved by concatenating the CQI/PMI/RI and A/N with the minimum bundling, adaptively, considering the PUCCH capacity 
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 and the total payload to be transmitted, as proposed in [1].

More A/N bits need to be reported if multiple downlink CCs are configured for a Rel-10 UE. Due to the PUCCH capacity limit, some payload reduction methods need to be defined when simultaneous A/N and CQI on PUCCH is configured as TRUE.  

· If the total payload of CQI and A/N is smaller than or equal to 
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, CQI and the full A/N bits should be reported. 

· If the total payload of CQI and A/N is greater than 
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 , spatial bundling should be applied to A/N bits. If the total payload of CQI and spatial bundled A/N is less than or equal to 
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, CQI and spatial bundled A/N bits should be reported. 

· Otherwise, i.e. the total payload of CQI and spatial bundled A/N is still greater than 
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 , CQI and the number of ACKs should be reported. 
The RM (20, O) coding method defined in [6] supports up to 13 bits payload. With extended CP, the Rel-8/9 PUCCH Format 2 supports joint coding of up to 11 bits CQI/PMI/RI concatenated with up to 2 bits of A/N. Thus, 
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 for normal CP is 13. With normal CP, the Rel-8/9 Format 2a/2b carries 1 or 2 bits of A/N on the second reference symbol of each slot, and no A/N concatenation with CQI/PMI/RI in the RM code.For Rel-10, in order to support higher number of A/N bits, e.g. 4 bits, a backward compatible Format 2/2a/2b can be extended to apply both A/N concatenation and extra bits on reference symbols for normal CP. Thus, extended Format 2/2a/2b for normal CP allows a maximum 15 bits of payload. Thus, 
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 is up to 15 for normal CP.

Especially, for UEs that support up to 4 bits of A/N, channel selection is used for A/N reporting on PUCCH. For extended CP, up to 
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 bits of concatenated CQI and A/N can be transmitted with Format 2. For 2 CCs, spatial bundling is enough to carry CQI and spatial bundled A/N with Format 2. The extended Format 2/2a/2b with normal CP is able to carry all 4 A/N bits without bundling. One way is to always use Format 2b type method by carrying the last 2 A/N bits on the second reference symbol of each slot, and concatenate and RM code the rest of A/N bits if any with CQI. Alternatively, the adaptive PUCCH Format 2/2a/2b can be used so that

· Format 2 is used if the total payload is smaller or equal to (
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-2) bits

· Extended Format 2a/2b with RM coding of (
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-2) bits on the PUCCH information symbols, and 1 or 2 extra bits on the second reference symbol of each slot. 
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