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1 Introduction
At the RAN1 #80 meeting, UL control signaling for supporting CA with up to 32 CCs was discussed and it was concluded that RAN1 will work on several possible enhancement areas to PUCCH and PUSCH feedback formats for the 36.300 CA deployment scenarios. This contribution provides our views on those enhancement areas to support UCI feedback on PUCCH and PUSCH for up to 32 DL CCs. 
2. Discussion 
2.1 HARQ-ACK on PUCCH 
Rel-13 CA supports up to 32 CCs to enable wider bandwidth transmission. A consequence of this feature is that a significantly increased number of ACK/NAK bits (up to 64 bits with 32 CCs in FDD as discussed in [1]) needs to be supported in an uplink subframe. As PUCCH format 3 can support a maximum of about 22 information bits, it is inadequate to accommodate the substantially increased HARQ-ACK bit payload in Rel-13. Thus, some additional enhancements to increase the PUCCH capability should be further considered.
Several design options can be considered in Rel-13 to address the increased HARQ-ACK payload requirement, by either reusing Rel-12 PUCCH format 3 together with an additional HARQ-ACK compression scheme or introducing a new PUCCH format with larger HARQ-ACK capacity. Reusing the Rel-12 PUCCH format 3 seems preferable due to backward compatibility support which enables sharing of resources between Rel-13 UEs and UEs supporting earlier releases as well as reduced test/implementation effort. On the other hand, the performance loss due to the expected excessive HARQ-ACK bundling operation needs to be carefully evaluated to assess the feasibility of different solutions.

It is our view that the introduction of a new PUCCH format highly depends on the design target of the maximum number of HARQ-ACK bits that need to be transmitted over the air (after any bundling operation if supported). For instance, it is reasonable to assume that the number of UEs that will be configured with 32 CCs is not large in a Rel-13 system; therefore, it is unclear whether the HARQ-ACK transmission design should be optimized for other cases or not. We therefore propose to first address this fundamental question before beginning the discussion of detailed PUCCH enhancement solutions.
Proposal 1: First agree on the maximum number of HARQ-ACK bits that need to be transmitted over the air in Rel-13 after any bundling operation if supported.
There were several new PUCCH formats which were proposed in Rel-11 to resolve the problem of multi-CC CSI feedback, including the use of a modified PUCCH format 3 with spreading factor (SF) reduction or the utilization of a PUSCH resource [2], but none was included in the Rel-11 spec. Considering that those designs provide larger capacity than Rel-10 PUCCH format 3 and were extensively discussed in Rel-11, we propose to use them as a starting point for the new PUCCH format design in Rel-13. 
Proposal 2: Use the modified PUCCH format 3 and PUSCH-based methods proposed in Rel-11 as the starting point for further discussion on introduction of new PUCCH formats in Rel-13.
In addition, HARQ-ACK bundling schemes should be considered as a way to reduce the HARQ-ACK payload size and they need to be investigated in conjunction with the study of new PUCCH formats in Rel-13. In Rel-12 TDD, ACK/NAK bundling was specified to maximize ACK/NAK coverage by means of spatial and time domain bundling. In Rel-13, it is necessary to evaluate whether the Rel-12 bundling scheme is sufficient for reducing the number of HARQ-ACK bits. Furthermore, some analysis is needed to evaluate whether it is necessary to introduce any additonal ACK/NAK bundling schemes (e.g., CC-domain bundling) for CA in Rel-13, especially by taking the limited container capacity and potential increased ACK/NAK overhead into account. 
In an case, the necessity for introducing a new PUCCH format should be studied further in Rel-13. The decision will depend on further analysis of the tradeoff between the impact on DL throughput from HARQ-ACK bundling in the time/spatial/CC domain and the feasibility and overhead required to feedback more than about 22 HARQ-ACK bits with individual BER below 10-3 (regarding the NACK-to-ACK error rate). Specification and implementation complexity issues should also be considered.
2.2. HARQ-ACK on PUSCH
In current CA specification, the HARQ-ACK payload size on PUSCH is semi-statically determined based on the number of configured cells irrespective of the number of scheduled CCs in a given subframe. This design may result in significantly large HARQ-ACK payload size for Rel-13 CA even when only a small portion of a large number of CCs is scheduled [2]. In LAA, the probability of such cases to occur is likely to be higher than previous CA releases due to the co-existence with other wireless systems (e.g., WiFi) on unlicensed spectrum.
Therefore, the requirement to remove the redundant HARQ-ACK bits associated with unscheduled CCs in Rel-13 CA is stronger than before. Clearly, the design should maintain a reliable HARQ-ACK payload size at the UE and eNB sides to avoid either increasing eNB implementation complexity or rendering the feedback useless. 

In Rel-8 TDD (and Rel-10 TDD), a DAI field is included in UL grants, denoting the maximum total number of PDSCH transmissions and PDCCH indicating the DL SPS release within an HARQ-ACK bundling window. Additionally, a DAI field is included in DL grants for TDD UL/DL configurations 1-6, indicating the accumulative number of PDCCHs with assigned PDSCH transmissions and PDCCH indicating the DL SPS release within an HARQ bundling window.  
Following this Rel-8 design principle, one straightforward option to address the foreseen problem in Rel-13 is to extend the DAI concept from the time-domain (e.g., HARQ-ACK bundling window) to the CC-domain for Rel-13 CA in order to facilitate the determination of the ACK/NACK payload at the UE, thereby improving the PUSCH efficiency.   
Similar to Rel-8 TDD, the newly added DAI field can be used for the following purposes: 

1. DAI in UL grant - indicating the maximum total number of CCs with PDSCH transmissions and PDCCH indicating the DL SPS release in a given subframe (i.e., for FDD) or in a subframe within an HARQ-ACK bundling window (i.e., for TDD). 

2. DAI in DL grants - indicating the accumulative number of CCs with PDSCH transmissions and PDCCH indicating the DL SPS release in a given subframe (i.e., for FDD) or within an HARQ-ACK bundling window (i.e., for TDD).
One example for setting the DAI value in DL grants and UL grants is illustrated in Figure 1 for FDD and TDD. UE will utilize the corresponding DAI field to detect missing PDCCH grants and determine the correct number of A/N bits to feedback. In addition, UE maps each HARQ-ACK bit to a corresponding bit location according to the CC index and DAI values in the DL grant. The exact DAI encoding method (i.e., the number of bits of the DAI field) can be FFS to balance additional PDCCH overhead, error case handling and scheduling flexibility . 

Proposal 3: A new DAI field is introduced into the DCI formats for TDD/FDD with CA.  
	
[image: image1.emf]1 2 6 3 4 5

DAI in DL grant 

Time domain

CC domain

6

DAI in UL grant 

(

2

,

2

)

(

4

.

4

)

(

9

,

3

)

(

5

,

2

)

(

7

.

3

)

(

8

,

4

)

9

DAI in UL grant 

(

1

,

2

)

(

2

,

1

)

(

3

,

2

)

(

4

,

3

)

(

5

,

1

)

(

8

,

3

)

(

3

,

1

)

(

4

,

2

)

(

9

,

2

)

(

6

,

2

)

(

7

,

2

)

(

8

,

2

)

Time domain

CC domain

(

1

,

1

)

(

4

,

1

)

(

9

,

1

)

(

6

,

1

)

(

7

,

1

)

(

8

,

1

)

4

Encoding new DAI in DL grant

Encoding DAI  in DL grant

HARQ-ACK 

bundling 

window

New DAI field

existing 2-bit DAI field

5 2

DAI in DL grant 

Encoding legacy DAI 

field in DL grant

New DAI field

existing 2-bit DAI field

New DAI field

FDD

TDD


Figure 1: An example of DAI value setting for FDD/TDD 


2.3 Aperiodic CSI feedback 

In Rel-12 CA, the aperiodic CSI report may be requested by the serving cell using a DCI or RAR grant with CSI request fields ‘01’, ‘10’ and ‘11’. CSI request fields ‘10’ and ‘11’ can request CSI reporting for the maximum number of CCs (i.e., 5) which can be supported up to Rel-12. However, the existing mechanism should be further enhanced to support Rel-13 CA of up to 32 CCs. 

In principle, the existing approach of CSI triggering for all CCs can be maintained for Rel-13 CA deployment scenarios with 32 CCs by keeping the DCI and RAR grant sizes the same as in Rel-12. For example, CSI request fields ‘10’ and ‘11’ may be used to request aperiodic CSI report for all 32 CCs. However, the CSI calculation complexity and potential impact on the coverage of PUSCH may be an issue. Another approach is to keep the Rel-11 maximum number of CCs that can be configured by each value of CSI request field (i.e., 5) and increase the total number of the CSI request values in DCI and RAR. This approach maintains the CSI calculation complexity at the same level as in Rel-12 at the expense of decreased flexibility in requesting CSI for different component carriers. 

Considering the advantages and disadvantages of the two alternatives discussed above, a hybrid approach to enhance aperiodic CSI in Rel-13 should be considered, where the number of CSI request values and the maximum number of CCs that can be configured for each CSI request value are limited in order to achieve the best tradeoff between flexibility of aperiodic CSI triggering, PUSCH coverage and UE complexity. 

Proposal 4: Aperiodic CSI reporting should be enhanced for Rel-13 CA by limiting the number of CSI request values and the maximum number of CCs that can be configured for each CSI request value in order to achieve the best tradeoff between aperiodic CSI triggering flexibility, PUSCH coverage and UE complexity.
3. Conclusions
In this contribution, we discuss severel UL channel enhancements to support UCI feedback on PUCCH and PUSCH in Rel-13. Based on the discussion, we summarize our proposals in the following: 
Proposal 1: First agree on the maximum number of HARQ-ACK bits that need to be transmitted over the air in Rel-13 after any bundling operation if supported.
Proposal 2: Use the modified PUCCH format 3 and PUSCH-based methods proposed in Rel-11 as the starting point for further discussion on introduction of new PUCCH formats in Rel-13.
Proposal 3: A new DAI field is introduced into the DCI formats for TDD/FDD with CA.  
Proposal 4: Aperiodic CSI reporting should be enhanced for Rel-13 CA by limiting the number of CSI request values and the maximum number of CCs that can be configured for each CSI request value in order to achieve the best tradeoff between aperiodic CSI triggering flexibility, PUSCH coverage and UE complexity.
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