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1. Introduction

In RAN1#61bis meeting in Dresden, the following was agreed for the LTE-A UL ACK/NACK design in carrier aggregation (CA) [1]. 

	Agreement (for both FDD and TDD): 

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM 


Even though the agreement above was achieved, it is still unobvious on TDD A/N transmission and its method because there have been no specific discussion or decision on TDD A/N. This paper discusses on how to define the number of A/N bits for TDD, and which A/N method could be adopted for TDD with CA.
2. On the number of TDD A/N bits 
In Rel-8 TDD, A/N bundling is mandatory regardless of A/N transmission method (i.e. spatial bundling in channel selection or temporal bundling) due to the restriction on the available amount of A/N resource since Rel-8 TDD A/N method is based on implicit resource. On the other hand, A/N bundling could be avoided in Rel-10 TDD in many cases by increasing the number of A/N bits if DFT-S-OFDM would be used for LTE-A TDD mode. However, since multiple component carriers (CCs) can be assigned to a UE in Rel-10, large number of A/N bits is needed if A/N bundling is not adopted. If individual A/N bits for each codeword and each subframe should be supported, considering 4 DL and 1 UL subframe configuration for TDD, UEs which are capable of aggregating more than 1 CC should only apply DFT-S-OFDM method for A/N transmission based on the agreement above. In other words, without A/N bundling, UEs which are capable of aggregating more than 1 CC cannot apply channel selection method in any situation. Therefore, it should be clarified first what is the required number of A/N bits transmitted in the air, especially in the aspect of the support of full ACK/NACK feedback in Rel-10 TDD.
Suggestion 1: It should be clarified first what is the required number of A/N bits transmitted in the air , especially in the aspect of the support of full ACK/NACK feedback in Rel-10 TDD. 
3. On TDD A/N method
Channel selection and DFT-S-OFDM methods can be considered for Rel-10 TDD, where introduction of A/N bundling is inevitable in cases of very large number of A/N bits. It is noted that, if CC or time domain A/N bundling is introduced, we assume DAI bits in DCIs for DL grant would be introduced to aid at least time/CC domain A/N bundling as in Rel-8 TDD. 
· DFT-S-OFDM

 DFT-S-OFDM method can be applied for more than 4 A/N bits to be transmitted in the air. In this case, A/N bundling in spatial/CC/time domain can be considered.

· Spatial bundling
· A/N bits are bundled in spatial domain in each CC in each DL subframe when the number of A/N bits are larger than N (the value of N is FFS).
· Highest code rate can be maintained under about 1/2 (considering up to 5 CCs and 4 DL subframes, 20 bit A/N (with 48 coded A/N bits) transmission is possible). 
· CC bundling
· A/N bits are bundled in CC domain in each DL subframe when the number of A/N bits are larger than N (the value of N is FFS). 
· DAI can be considered as total value of DL grants in a DL subframe.

· Time bundling
· A/N bits are bundled in time domain in each CC when the number of A/N bits are larger than N (the value of N is FFS). 
· DAI should be considered as counter of DL grants in a CC because the number of DL grants for multiple DL subframes may not be determined in advance. However, the counter operation may cause misunderstanding on the total number of DL grants at the UE size in case of missing the last DL grant(s), which may lead to NACK to ACK error.
· Channel selection

Channel selection method can be applied for up to 4 A/N bits to be transmitted in the air. In this case, it seems to be desirable that spatial bundling is default to reduce resource overhead. On top of this, A/N bundling in CC/time domain should be additionally considered.

· CC bundling
· A/N bits are bundled in CC domain in each DL subframe when the number of spatially bundled A/N bits are larger than M (the value of M is FFS) 
· DAI can be considered as total value of DL grants in a DL subframe.

· Time bundling
· A/N bits are bundled in time domain in each CC when the number of spatially bundled A/N bits are larger than M (the value of M is FFS). 

· DAI should be considered as counter of DL grants in a CC because the number of DL grants for multiple DL subframes may not be determined in advance. However, the counter operation may cause misunderstanding on the total number of DL grants at the UE size in case of missing the last DL grant(s), which may lead to NACK to ACK error. 
Suggestion 2: In order to reduce resource overhead and guarantee code rate, A/N spatial bundling can be considered for both channel selection and DFT-S-OFDM methods as in Rel-8 TDD. 

Suggestion 3: Between CC domain and time domain A/N bundling, CC domain A/N bundling seems to be more suitable and reliable than time domain A/N bundling by considering DAI ambiguity if one of two is to be adopted.
4. Single CC assigned UE case 
Single CC assigned UE could be either a UE which is CA capable but assigned a single CC or a UE which is not CA capable. In this case, following three methods can be considered for A/N transmission.

· Rel-8 channel selection 

Channel selection can be applied via implicit resource by applying A/N spatial bundling (same as Rel-8). In case of 4 A/N bits, performance degradation may occur due to A/N state overlap.
· Rel-10 channel selection

Channel selection can be applied via explicit resource by applying A/N spatial bundling. Performance degradation can be avoided in case of 4 A/N bits with A/N state mapping on explicit resource.
· DFT-S-OFDM 

Individual A/N without spatial bundling can be supported. 

However, there was an agreement in RAN1#60 such that “Note that for a CA-capable UE that is configured for single UL/DL carrier-pair operation, single-antenna PUCCH resource assignment shall be done as per Rel-8”. Following this agreement and for the simplicity, we suggest applying Rel-8 TDD ACK/NACK transmission schemes (e.g. configuration between Rel-8 channel selection and ACK/NACK bundling) for a UE assigned a single DL/UL CC.

Suggestion 4: Rel-8 TDD ACK/NACK transmission schemes (e.g. configuration between Rel-8 channel selection and ACK/NACK bundling) is applied for a UE assigned a single DL/UL CC. 
5. Summary
In this paper, we discussed on A/N transmission and method for Rel-10 TDD with CA according to A/N bundling. The following summarizes our suggestions on Rel-10 TDD A/N transmission.
Suggestion 1: It should be clarified first what is the required number of A/N bits transmitted in the air , especially in the aspect of the support of full ACK/NACK feedback in Rel-10 TDD.

Suggestion 2: In order to reduce resource overhead and guarantee code rate, A/N spatial bundling can be considered for both channel selection and DFT-S-OFDM methods as in Rel-8 TDD. 

Suggestion 3: Between CC domain and time domain A/N bundling, CC domain A/N bundling seems to be more suitable and reliable than time domain A/N bundling by considering DAI ambiguity if one of two is to be adopted.

Suggestion 4: Rel-8 TDD ACK/NACK transmission schemes (e.g. configuration between Rel-8 channel selection and ACK/NACK bundling) is applied for a UE assigned a single DL/UL CC. 
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