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1. Introduction
In RAN1 session #63, 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

· 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. Views on A/N Bundling for TDD
In session #63, it was agreed that only Mode b is supported for A/N bundling by PUCCH format 1b with channel selection in Rel-10.  However, there is no consensus on the bundling scheme yet.  In last meeting, there were six proposals [2]-[7] proposing different bundling schemes to address issues of error cases and redundant retransmissions, which exist in Rel-8 A/N bundling scheme for TDD.  Five proposals proposed spatial + time-domain bundling while the other proposed spatial + CC-domain bundling.  For further comparison and discussion among different proposals, in our views, four properties can be considered. 

1) Definition of DAI bits or new DAI bits

Reusing Rel-8 DAI bits definition is preferable if the error cases can be removed under this condition.  However, in current proposals, none of them can completely remove error cases.  Only the proposal in R1-106495 can completely remove possible error cases based on our understanding.  Therefore, in our views, our first prioritized preference is to resuse Rel-8 DAI bits definition but it is also acceptable to have a new DAI bits definition if there is no other way to further reduce or remove error cases.
2) Probability of error cases

Since error cases will directly result in error probability of A/N feedback and thus degrade the coverage of A/N feedback channel, it is preferable to reduce error cases as low as possible in the design.  In simulation results, it is also important to show the error probability of A/N feedback, in addition to cell throughput so that people can clearly understand whether the designed bundling scheme can fully meet the performance requirement.
3) Redundant retransmissions after A/N feedback

The benefit of reducing redundant retransmissions after A/N feedback is directly shown in the performance gain on cell throughput.  In our views, it is a preferable property of mode b design.  However, it should be considered after verifying that the error probability of A/N feedback channel meets the performance requirement. 
4) Maximal number of CCs supported
In order to enhance the performance of A/N feedback, some proposals proposed 2-bit sacrifice to reduce or remove error cases due to time-domain bundling design and others proposed 2 A/N bits for each CC to have enough states to feedback bundled A/N results.  However, none of them, except CC-domain bundling scheme, can support more than two CCs so, in our views, it is reasonable to limit the discussion of mode b for up to two CCs, especially for time-domain bundling scheme so as to meet the timeline of Rel-10.
Table 1 summarizes each proposal based on these four properties.
Table-1 Summary of Proposals

	Proposal
	Summary
	DAI Definition
	Error Cases
	Redundant Retransmissions
	Maximal number of CCs Supported

	R1-105856

(Ericsson etc.)
	1. Spatial + time-domain bundling
2. 1 A/N bit for each cell
3. Resource allocation
	Reuse Rel-8
	Yes
	Same as Rel-8
	2

	R1-106339

(Qualcomm)
	1. Spatial + time-domain bundling
	Reuse Rel-8
	-
	-
	-

	R1-106481

(Samsung)
	1. Spatial + time-domain bundling
2. 2 A/N bits for each cell to indicate the number of contiguous ACKs starting from the first subframe in the bundling window

3. Mapping tables
	Reuse Rel-8
	Yes
	Less than Rel-8
	2

	R1-106495

(CATT etc.)
	1. Spatial + time-domain bundling
2. 1 A/N bit for each cell and remaining 2 bits are used to feedback the number of detected PDCCHs in the bundling window

3. Mapping tables (same as R1-106503)
4. Resource allocation
	New
	No
	Same as Rel-8
	2

	R1-106503

(Nokia etc.)
	1. Spatial + CC-domain bundling
2. 1 A/N bit for each subframe

3. Mapping tables

4. Resource allocation
	New
	Yes
	Yes
	No limit

	R1-106542

(Huawei etc.)
	1. Spatial + time-domain bundling
2. 2 A/N bits for each cell to indicate the number of ACKs in the bundling window
3. Mapping tables
	Reuse Rel-8
	Yes
	Same as Rel-8
	2


The following are our proposals to considerations so as to make decision for mode b design.

Proposal #1: Limit the discussion of mode b for up to two CCs, especially for time-domain bundling scheme in Rel-10.
Proposal #2: The prioritized considerations for mode b proposal adoption are listed as follows.

1st priority: Reuse Rel-8 DAI bits definition
2nd priority: Error-case free or reduced error cases
3rd priority: Reduced redundant retransmissions
Proposal #3: In addition to cell throughput, error probability performance is also needed to clearly understand the performance of the proposed mode b design.


3. Views on A/N Multiplexing for TDD

For A/N multiplexing, there are two modes supported in TDD system.  One is mode 1, which is supported by PUCCH format 3 and can be used to feedback up to 20 A/N bits; the other is mode a, which is supported by PUCCH format 1b with channel selection and can be used to feedback up to 4 A/N bits.  Currently, there is not any restriction on the application scenarios for mode a, which means mode a can support from 1 CC up to 4 CCs in carrier aggregation.  However, such large range of CC number supported will induce large complexity for the design of resource allocation scheme because we may have to design one resource allocation scheme for each application scenario based on how many number of CCs supported.  It is bothersome for UE to switch between so many resource allocation schemes just for A/N feedback.  Since mode 1 is already agreed to support A/N feedback in carrier aggregation for TDD system, it can be used for the A/N feedback with large number of CCs supported.  In addition, the maximal number of CCs supported in Rel-10 carrier aggregation is limited to up to 2.  There is no need for mode a to support over 2 CCs.  Though mode a can not support all cases even for only 2 CCs, mode a can be used to flexibly adjust the A/N feedback overhead due to better utilization efficiency of PUCCH format 1b.  Therefore, in our views, it is suggested to have a clear cut for the application scenarios between mode 1 and mode a.  The following are our proposals.
Proposal #4: Limit the maximal number of CCs supported for mode a to 2.


4. Conclusion

In this paper, we provide our views on A/N feedback modes in carrier aggregation for TDD system.  For A/N bundling, there is no need to discuss the support of over 2 CCs for mode b and it is also suggested to consider both error probability performance and cell throughput performance when evaluating different proposals.  For A/N multiplexing, for simplicity, there is no need to discuss the support of over 2 CCs for mode a since mode a does not have enough capacity for A/N feedback in most of cases with large number of CCs.  Proposals in this paper are summarized as follows.
Proposal #1: Limit the discussion of mode b for up to two CCs, especially for time-domain bundling scheme in Rel-10.
Proposal #2: The prioritized considerations for mode b proposal adoption are listed as follows.

1st priority: Reuse Rel-8 DAI bits definition
2nd priority: Error-case free or reduced error cases

3rd priority: Reduced redundant retransmissions
Proposal #3: In addition to cell throughput, error probability performance is also needed to clearly understand the performance of the proposed mode b design.
Proposal #4: Limit the maximal number of CCs supported for mode a to 2.
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