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1. Summary

We propose to support simultaneous transmission of CQI and ACK/NACK on PUCCH with Carrier Aggregation in Rel-10. As a natural extension to Rel-8/9, the same periodic PUCCH resource and backward compatible formats should be used. 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 this contribution we propose, in order to minimize the dropping of CSI in the event of a collision between CSI and HARQ-ACK reporting, that:

Simultaneous CQI/PMI/RI and HARQ-ACK reporting on PUCCH should be supported in Rel-10 with the use of Format 2/2a/2b, enabled by configuration from the eNB, taking into account PUCCH capacity and UCI payload.

2. Background

In LTE Rel-8/9, in case of collision between a CQI/PMI/RI and an HARQ-ACK in a same subframe without PUSCH, HARQ-ACK 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. 

For LTE Rel-10 and beyond, in case of collision between a CQI/PMI/RI and a HARQ-ACK 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 given in [2]. Furthermore, not all UEs may be configured to transmit PUSCH simultaneously with PUCCH.  Thus, simply dropping CQI reporting may cause serious problems in channel quality estimation. Therefore, simultaneous CQI/PMI/RI and HARQ-ACK reporting should also be supported in Rel-10, and the same parameter simultaneousAckNackAndCQI can be reused in Rel-10. The choice of CQI/PMI/RI dropping or simultaneous reporting can be configured by the eNodeB. 

Therefore we propose that simultaneous CQI/PMI/RI and HARQ-ACK reporting should be supported in Rel-10, and the same Rel-8 parameter simultaneousAckNackAndCQI can be used in Rel-10.
3. Detailed Proposal for Simultaneous CQI and A/N reporting on Rel-10 PUCCH for Rel-10

In particular, when the parameter simultaneousAckNackAndCQI is set = TRUE, the UE should apply adaptive A/N bundling as required for the varying payloads of A/N and CQI bits, for simultaneous transmission of CQI/PMI/RI and A/N. When the parameter simultaneousAckNackAndCQI is set = FALSE, there is no simultaneous transmission of CQI/PMI/RI and A/N, and the CQI/PMI/RI should be dropped.

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 by concatenating the CQI/PMI/RI and HARQ-ACK with the minimum bundling, adaptively, considering the PUCCH capacity and the total UCI payload to be transmitted. 

More HARQ-ACK 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 some form of reduction of A/N payload is necessary, spatial bundling within a CC should be applied if possible; if not then the number of ACKs should be reported. 

First, recall these terms used as currently defined in RAN1 specifications:

· 
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is the number of periodic CQI/PMI/RI bits to be reported.
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 is the number of downlink serving cells or CCs with HARQ-ACK bits to be reported.
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is the total number of unbundled HARQ-ACK bits to be reported on 
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downlink serving cells or CCs.

Let us also employ these new parameters:

· 
[image: image5.wmf]PUCCH

C

is the PUCCH capacity, i.e. maximum number of information bits that can be transmitted on a PUCCH format according to a predefined error criterion.

· 
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is the number of derived HARQ-ACK bits to be carried on a PUCCH transmission.

Then the following are the relevant cases of varying payload and how they may be supported with Format 2/2a/2b, for the current transmission time interval (TTI), and for a given PUCCH format: 

A. If the total payload of CQI and A/N is smaller than or equal to the PUCCH capacity 
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, CQI and the full A/N bits should be reported on PUCCH. Thus, 
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B. If the total payload of CQI and A/N is greater than the PUCCH capacity 
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 , spatial bundling should be applied to A/N bits to reduce 
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bits. If (
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) is less than or equal to 
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, CQI and spatial bundled A/N bits can be reported on PUCCH. Thus, 
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C. Otherwise (i.e., if (
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), -the number of ACKs should be reported. Then, the number of ACKs should be reported with the number of bits equal to 
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 which can be sent with CQI on PUCCH in a similar manner to the Rel-8 A/N transmission [7] as described in Table 7.3-1 in Section 7.3.

Notes: 

· With PUCCH Format 2, The RM (20, O) coding method defined in [1] supports up to 13 bits payload, i.e. it allows joint coding of up to 11 bits CQI/PMI/RI concatenated with 2 bits of HARQ-ACK.

· The proposal for simultaneous CQI and A/N reporting with adaptive A/N bundling is shown in Figure 1.  In particular, with Format 2/2a/2b and normal CP, 
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 is 15, and adaptive PUCCH Format 2/2a/2b can be used as shown in Figure 2 in the Annex. 

Detailed Notes describing the adaptive bundling are in Annex A.

4. Conclusions

We propose, in order to minimize the dropping of CSI in the event of a collision between CSI and HARQ-ACK reporting, that:

Simultaneous CQI/PMI/RI and HARQ-ACK reporting on PUCCH should be supported in Rel-10 with the use of Format 2/2a/2b, enabled by configuration from the eNB, taking into account PUCCH capacity and UCI payload.
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Annex A: Details of the algorithm to find the derived A/N bits

If simultaneous CQI/PMI/RI and HARQ-ACK is configured, the UE should use 
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 to determine how to simultaneously transmit CQI/PMI/RI and HARQ-ACK. 
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is decided by the periodic CQI/PMI/RI reporting type and modes configured by the eNB. 
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 is decided by the number of configured serving cells or CCs. 
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[image: image27.wmf]CC

DL

N

_

 and the downlink transmission modes configured for each serving cell. 
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 is decided by the reporting methods that are described below. When 
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 is smaller than 
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, some kind of HARQ bundling is required. 
The proposal for simultaneous CQI and A/N reporting with variable A/N bundling is shown in Figure 1. The 
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 derived A/N bits can be unbundled A/N bits, spatially bundled A/N bits, or the number of A/N bits, depending on the overall UCI payload.
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Figure 1. Simultaneous CQI and A/N reporting with derived A/N bits

With PUCCH Format 2, The RM (20, O) coding method defined in [1] supports up to 13 bits payload, i.e. it allows joint coding of up to 11 bits CQI/PMI/RI concatenated with 2 bits of HARQ-ACK. With normal CP, 1 or 2 extra bits can be carried on the second reference signal as in PUCCH Format 2a/2b. 

With Format 2 and extended CP, 
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bits of CQI/PMI/RI and 
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 derived A/N bits (unbundled A/N bits, spatially bundled A/N bits, or the number of A/N bits)  can be reported with Format 2 by concatenating 
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 derived A/N bits with CQI and joint coding. 
With Format 2/2a/2b and normal CP, 
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 is 15, an adaptive PUCCH Format 2/2a/2b can be used as shown in Figure 2. 

· If the total payload (
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) is less than or equal to 13, use Format 2 by concatenating 
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 derived A/N bits (unbundled, spatially bundled, or the number of Acks) with CQI and joint coding. 

· If the total payload (
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) is 14, use Format 2a, with the last derived A/N bit transmitted on the reference symbol, and CQI is concatenated with the rest of (
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-1) derived A/N bits and joint coded on the PUCCH resource. 

· If the total payload (
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) is 15, then Format 2b can be used, with the last two derived A/N bits are transmitted on the reference symbol, and CQI is concatenated with the rest of (
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-2) derived A/N bits and joint coded on the PUCCH resource.
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Figure 2. Adaptive PUCCH Format2/2a/2b with normal CP
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