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1 Introduction
There have been email discussions on TDD A/N feedback with PUCCH format 1b with channel selection mode b following those during 3GPP RAN1 #63bis meeting [1].  The following has been concluded from the email discussions
 -
Working assumption to adopt the proposal in the first bullet on slide 2 of R1-110539.

-
 Further time for the uplink performance to be verified.  Working assumption can be revisited if a significant problem is shown with the uplink performance by Friday 11th February.
In this contribution we present some discussions on the detailed design of channel selection Mode b. More specifically, in section 2 we provide some results and discussions on the link performance of PUCCH mode b with the proposal in R1-110539. In section 3 some open issues on channel selection Mode b are discussed. Our proposals on the topic are summarized in section 4. 
2 PUCCH mode b Link Performance 
In R1-110539, it has been proposed to reuse Rel-8 DAI design together with some new definitions on the mapping of ACK/NACK/DTX to the four feedback states (per CC), i.e., 

· Confirm the current proposal for Mode b
· Adopt the HARQ-ACK mapping from R1-110519 with modification for M=4 from R1-110389

· Adopt the mapping table from R1-106503.

More specifically the mapping follows the proposal in [2], which is as shown in Table 1 for the case of M = 4, where M is the length of the ACK/NACK bundling window
Table1. Definition of A/N mapped states per CC for Mode 2

	For multiple (
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	Mapped states

[HARQ-ACK(0), HARQ-ACK(1) for the 1st Cell / HARQ-ACK(2), HARQ-ACK(3) for the 2nd Cell]

	‘D, any, any, any’
or no DL assignment is received.
	D, D

	‘A, D, D, D’
	A, N

	‘A, A, N/D, any’
	N, A

	‘A, A, A, N/D’
	A, A

	‘A, A, A, A’
	A, N

	‘N, any, any, any’

or ‘A, D/N, any, any except for A, D, D, D’
	N, N


Based on the definition in Table 1 two bundled ACK/NACK bits will be generated per CC, and with two configured component carriers there will be four bundled bits, which will be transmitted using the channel selection mapping table proposed by [3]. 
The DL throughput performance of the above proposals has been examined by some company contributions [4]-[5]. According to the output of email discussions, the PUCCH link performance of the proposal in R1-110539 seems to be the concern from a few companies. In the following we present some simulations results, which show that the link performance of the proposal in document R1-110539 is comparable with that of PUCCH format 1b channel selection. 
For the simulations we use channel model of ETU 3kmph with 5Mhz system bandwidth. The performance of channel selection mode b is examined, with two CCs and four DL subframe (M=4). In Figure 1, Pr{ACK->NACK/DTX} and Pr{NACK->ACK} is plotted, against the requirement of a DTX-to-ACK error probability less or equal to 1%.  The detailed simulation assumption can be found in the Appendix. 
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Fig. 1 PUCCH link performance with the proposal in R1-110539

From the results, it is clear that the PUCCH link performance of the proposal in R1-110539 is comparable with that of PUCCH format 1b with channel selection. The performance requirement of 1% ACK-to-NACK/DTX error probability and 0.1% NACK-to-ACK error probability can be met with a SNR around -6dB. We conclude from the evaluations that there is no significant issue in the PUCCH link performance of the proposal in R1-110539. Therefore following the output of the email discussions we propose to confirm the working assumption as an agreement, based on which the group is able to further finalize the design of mode b. 
Proposal #1 To agree on the working assumption of R1-110539 for TDD A/N feedback with PUCCH format 1b with channel selection mode b. 

3 Other Open Issues on Mode b
In this section the following open issues on Mode b are discussed
· reconfiguration handling (including Rel-8 fallback)
· handling of positive SR
· PUCCH Resource allocation 
Reconfiguration handling (including Rel-8 fallback)
During reconfiguration of DL CCs there can be time period when eNB and UE have different understanding of the number of DL CCs. Since the CC reconfiguration is under the control of eNB, such ambiguity can be avoided by proper eNB scheduling. As an example, UE will in different configurations generate the following feedback states if it only receives the PDSCH assignment on the Pcell in the first DL subframe of the bundling window

· [h0,1] or [h0,-1] for NACK or ACK, if UE is configured in A/N multiplexing mode (using channel selection mapping table) 
· [h0,1] or [h0,-1] for NACK or ACK if UE is configured in A/N bundling mode as in Rel-8

These generated states are the same with channel selection mode b (R1-110539) for two configured CC and M = 4, which means the ambiguity can be avoided. Considering the fact that such CC reconfiguration will not be very frequent and neither done for a large proportion of UEs in the initial LTE Rel-10 network, we propose not to introduce any additional specification-based mechanism to handle the issue. 

Proposal #2 No specification-based solution for reconfiguration handling for PUCCH channel selection mode b. 
Handling of positive SR
In case of collision between multiple ACK/NACK (in mode b) with positive SR, it seems straightforward to reuse the mechanism defined in Rel-8, i.e., two bits information can be carried with PUCCH format 1b on the SR resource, to indicate the number of ACKs that are generated by a UE within the bundling window. 
Proposal #3 To adopt option 1 in R1-110539 for handling the simultaneous ACK/NACK and positive SR. 

PUCCH Resource allocation

From Table 1, it can be seen that two implicit PUCCH resources are available in case of all the ACK/NACK states except for {‘N, any, any, any’ or ‘A, D/N, any, any except for A, D, D, D’}. For this particular case the bundled ACK/NACK bits are [N,N], which, according to the channel selection mapping table in R1-106503, will never select PUCCH channel h1. This basically means that for Pcell there is no need for the second PUCCH resource. From this we can conclude that for PUCCH channel selection mode b, the following PUCCH resource allocation is workable

· Implicit PUCCH resource allocation when PDCCH for PDSCH assignment is received from PCell, and
· Explicit PUCCH resource allocation by ARI [6] when PDCCH for DL grant is received from SCell

4 Conclusion
In this contribution we present some discussions on the remaining issues of TDD A/N feedback with PUCCH format 1b with channel selection mode b.  We have the following proposals on the topic

Proposal #1 To agree on the working assumption of R1-110539 for TDD A/N feedback with PUCCH format 1b with channel selection mode b. 
Proposal #2 No specification-based solution for reconfiguration handling for  mode b. 

Proposal #3 To adopt option 1 in R1-100539 for handling the simultaneous ACK/NACK and positive SR. 
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Appendix Link Simulation Assumptions
In the appendix we show the link simulation assumptions. 

In Table A-1 the detailed parameters are listed. In Table A-2 the ACK/NACK states assumed by a UE are listed. The number of ACK-to-DTX/NACK errors, NACK-to-ACK errors, and DTX-to-ACK errors can be obtained by Table A-2 in the event of false detection from one state in channel selection mapping table to another. Note that although the two states [A A A A] and [A D D D] overlap with each other in Table 1, this is not taken into account in error probability simulations, since with reasonable PDCCH and PDSCH scheduling the probability of three DTXs following one ACK is neglectable.  
Table A-1 Link simulation paramters
	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz 

	channel model
	ETU 3km/h 5 MHz

	frequency hopping
	at slot boundary

	antenna setup
	1Tx, 2Rx 

	RX antenna correlation
	uncorrelated

	channel estimation
	practical

	Decoding method
	Joint RS & data ML 

	CP type
	normal CP

	signal bandwidth
	180 kHz

	RX false alarm detection threshold
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	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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Table A-2 the generated ACK/NACK states
	For multiple (
[image: image5.wmf]SPS

DAI

N

U

+

) A/N responses
	Mapped states

[HARQ-ACK(0), HARQ-ACK(1) for the 1st Cell / HARQ-ACK(2), HARQ-ACK(3) for the 2nd Cell]

	‘D, any, any, any’

or no DL assignment is received.
	D, D

	‘A, A, N, N’
	N, A

	‘A, A, A, N’
	A, A

	‘A, A, A, A’
	A, N

	‘N,N,N,N’
	N, N
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