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1. Introduction

For TDD, the number of A/Ns that could be transmitted in an UL subframe from a certain UE depends on the asymmetry, since there is no one-to-one correspondence between DL and UL subframe as in FDD. To improve coverage and capacity, and simplify the design, the solution has been proposed to bundle multiple A/Ns [1], [2]. 
In this contribution, in order to reduce the throughput degradation and simplify the PUCCH design, we propose that

· Both A/N bundling and A/N multiplexing scheme should be supported.
· The maximum number of A/Ns transmitted in one PUCCH should be limited, e.g. 8.
· In order to reduce the number of A/N multiplexing bits, partial subframes bundling [3] can be adopted.
2. Discussion

2.1. Multiple A/N bundling scheme
For the bundling scheme, data in multiple DL subframes can be assigned to one user and the A/Ns in response to DL transmission from these subframes are to be transmitted in a single UL subframe. To improve coverage and simplify the design, the idea with bundling is to transmit a single A/N report based on the A/Ns of the multiple assigned subframes. An ACK is feedback only if all assigned DL subframes are received correctly; otherwise, an NACK is feedback.  
The main advantages of the above mentioned bundling are the improvement of UL coverage and multiplexing capacity. Elementary performance evaluations show that PUCCH format 0 may be the channel that limits the UL coverage; and since transmission of multiple A/Ns requires higher SNR, it follows that this may be the even more limiting channel in the uplink. Another possible problem is that the multiplexing capacity goes down as the number of possible A/Ns per UE increases. Hence, multiple A/Ns feedback may lead to large overhead in the UL in addition to possible coverage and capacity problems.

The drawback of bundling is that the eNodeB can not determine how many and which of the DL subframes were erroneously decoded. To retransmit all the transmitted DL subframes will lead to a degradation of the DL throughput. 
With the increase of the number of A/Ns bundled, the throughput degrades with the increasing possibility of retransmission. To assume that the BLER is 10%, the possibilities of retransmission for n-A/Ns bundling are shown in table 1, which is calculate by 
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is the possibility of retransmission. We can find that when n=18, i.e. the configuration is 8DL+DwPTS:1UL, the possibility of retransmission is so high (85%), the throughput will degrade seriously.
Table 1. the possibility of retransmission for n-A/Ns bundling
	The number of A/Ns bundled
	The possibility of retransmission(
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	The possibility of retransmission(
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	n=1
	10%
	1%

	n=2
	19%
	2%

	n=4
	34%
	3.9%

	n=9
	61%
	8.6%

	N=18
	85%
	16.5%


And the problem of missing detection of PDCCH will also cause serious performance degradation. 
2.2. Multiple A/N multiplexing scheme
A/N bundling is a good solution to improve UL coverage of A/N transmission, but it can not work well for all cases. For example, when the cell radius is very small, there is no coverage problem to transmit multiple bits of A/N. Even when the cell radius is very large, the UEs in cell center can also transmit multiple bits of A/N. It is obviously that in these cases, multiple bits A/N PUCCH format will exceed the performance of A/N bundling. Compared to bundling scheme, the multiple bits of A/N scheme is called as A/N multiplexing as proposed in the email discussion.
For TDD, the number of A/N bits that must transmit within a UL subframe (PUCCH) depends on the UL/DL asymmetry. For the UL/DL configurations have been agreed [4], except the configuration 5 (8DL/1UL), maximum 4 bits without MIMO and 8 bits with MIMO can fulfill the demands of A/N transmission. So we suggest that a PUCCH format which carry 2~8 bits for A/N to be as a base point of the A/N multiplexing design. And a similar agreement has been reached for TDD FS1 in RAN1 #50bis meeting that:

· A maximum of 8 ACK/NAK bits per TTI per UE in TDD FS1
· This is under the assumption that achievable DL user peak rate is not reduced
3. The solution
In general, without optimization of the configuration 5, the schemes of A/N transmission in PUCCH is proposed to base on:
· Both A/N bundling and A/N multiplexing scheme are supported.
· The PUCCH formats that have been defined should be reused as much as possible.
3.1. For one DL subframe mapping one UL subframe case

· PUCCH format 1a: 1bit without MIMO
· PUCCH format 1b: 2 bits with MIMO
3.2. For multiple DL subframe mapping one UL subframe case

· Mode 1: A/N bundling: all the bits of A/Ns are operated by logical ‘and’ into 1bit
· PUCCH format 1a is reused to carry the 1 bit.
· Mode 2: A/N multiplexing: multiple bits are transmitted by PUCCH.
· Option 1
· PUCCH format 2 is reused to carry A bits using a (20, A) code as same as CQI, where 
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· Option 2

· PUCCH format 1b is reused to carry 2 bits A/N.
· PUCCH format 2 is reused to carry A bits using a (20, A) code as same as CQI, where 
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The number of A/N bits (A) depends on UL/DL configuration and transmission mode, where a NAK should be transmitted for DTX state. For non MIMO case, 2, 3, 4 bits should be carried by PUCCH format 2 and/or format 1b. For MIMO case, 2, 4, 6 or 8 bits should be carried by PUCCH format 2 and/or format 1b.
3.3. How to limit the number of A/N bits?
For the configuration 5, there are 9 or 18 A/N bits should be feedback in the UL subframe without/with MIMO. If the maximum 4 bits without MIMO and 8 bits with MIMO is assumed, how to limit the number of A/N bits is a problem. One explicit way is to limit the scheduler not to schedule more DL data blocks to a UE, which will increase the complexity of scheduling, and flexibility of schedule will reduced. We suggest that the partial subframe bundling should be adopted to solve the problem. For example when we limit the maximum bits of A/Ns to 4 bits without MIMO, the 9 DL subframes are assigned to 4 groups, i.e. {#9.#0,#1}, {#3,#4}, {#5,#6}, {#7,#8}. For each group, a single A/N is generated based on logic ‘AND’ of the A/N of each subframe. In order to avoid the missing detection of PDCCH, a counter can be added in DL grant to reduce the error probability. For DTX case, an NACK should be feedback. 
For MIMO case, similar partial subframe bundling can be adopted, where 8 subframe groups should be assigned. And we prefer that the code words should be bundled first before subframe bundled for MIMO case.
The group assignment can be specified in TS or be configurable by high layer signaling.
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Figure 1. max 4 or 8 A/Ns are transmitted in one PUCCH for 8:1 case.
4. Conclusion
For A/Ns bundling scheme, if too many A/Ns are bundled, the throughput will degrade seriously with high retransmission possibility. We propose A/N multiplexing scheme also should be supported. And a scheme of A/N transmission reusing the PUCCH format is given.
[1] R1-080870, Combination of ACK/NACKs for TDD, Ericsson, 3GPP TSG RAN1#52, Sorrento, Italy, February, 2008
[2] R1-081110, Multiple ACK/NAK for TDD , Ericsson, Motorola, Nokia, Nokia Siemens Networks, Qualcomm, Beijing, 3GPP TSG RAN1#52, Sorrento, Italy, February, 2008
[3] R1-081325, Multiple ACK/NACKs transmission for TDD, CATT, 3GPP TSG RAN1#52b, Shenzhen, China, April, 2008
[4] 3GPP TS 36.211, Physical Channels and Modulation
_1267264435.unknown

_1270650200.unknown

_1270994288.unknown

_1270650555.vsd
#0


#1


#2


#3


#4


#5


#6


#7


#8


#9


#0


#1


#2


#3


#4


#5


#6


#7


#8


#9


4/8 A/Ns



_1268042756.unknown

_1267264405.unknown

