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1 Introduction
In RAN1 session #62bis, the agreements on A/N feedback for TDD in carrier aggregation are shown as follows [1].

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling with time- or CC-domain bundling (FFS which) is used if the number of A/N bits to be indicated would be >4

There are still some details remaining undecided yet.  This paper provides our views on A/N feedback modes for TDD carrier aggregation in current agreements.
2 Discussion on A/N Bundling for TDD
In RAN1 session #62bis, it was agreed that A/N feedback after bundling less than 5 bits can be supported by PUCCH format 1b with channel selection (Mode b) and the support of A/N bundling over PUCCH format 3 (Mode 2) is FFS.  Whether Mode 2 should be supported actually lies on the question – Which kind of A/N bundling is supported?  Since PUCCH format 1b with channel selection can only support up to 4 A/N bits and PUCCH format 3 can support up to 20 A/N bits, the maximal A/N bits after bundling decides whether two modes are needed to support A/N bundling.  From Table 1, scheme #5 (Time-domain + Spatial Bundling) provides maximal A/N bits after bundling equal to 5.  This value is a little bit higher than the payload size supported by PUCCH format 1b with channel selection and thus Mode 2 is required if scheme #5 is adopted.  For scheme #7 (CC-domain + Spatial Bundling) in Table 1, it can provide maximal A/N bits after bundling equal to 4, which can be fully supported by PUCCH format 1b with channel selection only.  In other words, Mode 2 is not needed for A/N bundling.  Compared to scheme #5, scheme #7 seems to be a more natural choice no matter from the simplicity and feedback efficiency perspective.  From our point of views, considering the agreements reached in last meeting and possible additional complexity introduced, scheme #7 is slightly preferred if A/N bundling is supported.
Proposal #1: For A/N bundling in TDD carrier aggregation if supported, only Mode b (spatial bundling + CC-domain bundling) is supported and Mode 2 can be removed.
Table 1 – Maximal A/N overhead comparison of different schemes in carrier aggregation for TDD

	Scheme
	Maximal A/N Overhead

	
	1 CCs
	2 CCs
	3 CCs
	4 CCs
	5 CCs

	#1: Full Multiplexing
	8 bits
	16 bits
	24 bits
	32 bits
	40 bits

	#2: Time-domain Bundling
	2 bits
	4 bits
	6 bits
	8 bits
	10 bits

	#3: Spatial Bundling
	4 bits
	8 bits
	12 bits
	16 bits
	20 bits

	#4: CC-domain Bundling
	8 bits
	8 bits
	8 bits
	8 bits
	8 bits

	#5: Time-domain + Spatial Bundling
	1 bit
	2 bits
	3 bits
	4 bits
	5 bits

	#6: Time-domain + CC-domain Bundling
	2 bits
	2 bits
	2 bits
	2 bits
	2 bits

	#7: Spatial + CC-domain Bundling
	4 bits
	4 bits
	4 bits
	4 bits
	4 bits

	#8: Full Bundling
	1 bit
	1 bit
	1 bit
	1 bit
	1 bit

	Rel-8 Multiplexing
	4 bits
	
	
	
	

	Rel-8 Bundling
	2 bits
	
	
	
	


3 Discussion on A/N Multiplexing for TDD
In RAN1 Session #62bis, it was agreed that PUCCH format 1b with channel selection is supported for A/N feedback less than 5 bits (Mode a) and PUCCH format 3 is supported for A/N feedback greater than 4 bits with spatial bundling configurable.  Here lies a question – Do we really need two modes for A/N multiplexing in TDD?  Unlike FDD, the maximal A/N overhead is always larger than 4 bits when multiple component carriers are activated.  Even though there are some cases where actual A/N feedback bits are less than 5 bits in carrier aggregation, it’s not easy to find a clear pattern and the resource allocation for PUCCH format 1b with channel selection would be complicated.  The factors to be considered for the design of resource allocation are not just over spatial and CC domain but also time domain.  It introduces additional complexity to design a common rule for both FDD and TDD.  For example, it is unnecessary to consider possible CCE collision problem over time domain in FDD when implicit resource allocation is adopted for cross-carrier scheduling on Pcell.  However, for TDD, it has to be considered and thus two kinds of resource allocation are needed.  From the simplicity perspective, it is preferred to have only one A/N feedback mode for A/N multiplexing.  From our views, PUCCH format 3 is a good choice.  In addition, by removing Mode a, it also simplifies A/N feedback mode configuration.  When UE is configured to use PUCCH format 3 for A/N feedback, A/N multiplexing is applied and vice versa.  When UE is configured to use PUCCH format 1b with channel selection, A/N bundling is applied and vice versa.
Proposal #2: For A/N multiplexing in TDD carrier aggregation, only Mode 1 is supported and Mode a can be removed.
4 Conclusion
This paper discusses A/N feedback modes for TDD carrier aggregation in current agreements and expresses our views on related issues.  For A/N bundling, based on current agreements, two feedback modes introduces additional complexity for A/N feedback configuration.  It is slightly preferred to have only Mode b to support A/N bundling.  For A/N multiplexing, based on current agreements, it’s not easy to find a common resource allocation method for both FDD and TDD if Mode a is adopted.  It is suggested to adopt only Mode 1 to support A/N multiplexing.  The followings are our proposals.
Proposal #1: For A/N bundling in TDD carrier aggregation if supported, only Mode b (spatial bundling + CC-domain bundling) is supported and Mode 2 can be removed.
Proposal #2: For A/N multiplexing in TDD carrier aggregation, only Mode 1 is supported and Mode a can be removed.
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