3GPP TSG RAN WG1 Meeting #54















 R1-083083

Jeju Island, Korea,18-22 Aug, 2008
Agenda item:

6.1
Source:
Nokia, Nokia Siemens Networks
Title:
Multiple ACKNAK Transmission on PUCCH for LTE TDD 
Document for:

Discussion and Decision

1.


Introduction
In RAN1 #53b meeting held in Warsaw, the way forward on multi-bits ACK/NACK signalling is decided[1]. Three different alternatives have been included in the way forward, and it was decided that one out of the three alternatives should be selected at RAN1 #54 meeting. The three alternatives are listed as follows:

Alternative 1:

· Format 1b and code-selection

-Use PUCCH format 1 resources implicitly associated with received DL assignments

Alternative 2:

· Format 1b and multiple codes

-Use pairs of PUCCH format 1 resources implicitly associated with last received DL assignment

Alternative 3:

· Format 2

-Use PUCCH format 2 resources as configured by higher layers

In this paper we presents some results and discussions on the performance of Alternative 1 (Alt. 1) and Alternative 3 (Alt. 3). 
2. Simulations and Discussions
Some results on the comparisons of Alt. 1 and Alt. 3 have been included in [2] and [3]. From the results in [2], one may suspect that Alt. 1 could outperform Alt. 3 under different SNR regions. However, the detailed simulation settings could not be found in [2], and it seems the superior performance of Alt. 1 therein could only be obtained through some assumptions of rather ideal DTX detection. In [3], it is suggested that the performance of Alt. 1 and Alt. 3 may be similar if channel estimation and data detection is improved for PUCCH format 2. It is clear that the results in [2] on Alt. 1 are optimistic since the impact of DTX detection error is ignored (i.e., no DTX state is generated throughout the evaluation therein). 
First, we make some similar assumptions as in [3]. It is assumed that different possible PUCCH format 1 resources are multiplexed in the same RB. The low speed (3km/h) typical urban channel model is used in the evaluations. The number of transmit and receive antennas are one and two, respectively. For Alt. 3, the channel is estimated through the two RS symbols, and is simply reused for detecting all data symbols within the same slot. Some results when DTX state is not considered could be obtained as in Figure 1 and Figure 2 for two and four bits ACK/NAK transmission, respectively. 

Besides, we find that for Alt. 1 code-selection the detection of DTX is one critical point since if failure it will lead to DTX-to-ACK error, which will cause unnecessary higher layer retransmission. One basic way of DTX detection is to calculate the signal power after despreading according to the resources of all possible PUCCH channels, and compare the values with certain DTX detection threshold. If the calculated signal power is lower than the threshold, then DTX will be determined. For non-DTX cases, the detector should further decide on which PUCCH channel among all possible ones the ACK/NAK data is conveyed. Thus, it becomes obvious that setting proper DTX detection threshold is critical to Alt. 1 performance since a high threshold may keep low DTX-to-ACK error rate but will lead to high ACK/NAK BER. 
In Figure 1 and Figure 2, we also provide the simulation results on ACK/NAK BER by taking DTX-to-ACK error rate of Alt. 1 into account. The DTX detection threshold is first chosen through simulations to ensure that the DTX-to-ACK error rate is lower than 1E-2. Then the threshold is utilized in the detection process to obtain the ACK/NAK BER. Since for format 2 transmission both DTX and NAK will share the same state, no DTX-to-ACK error rate needs to be considered for Alt.3. From Figure 1, it is seen that at 1E-2 BER Alt. 3 outperforms Alt. 1 by about 1.7dB. From Figure 2, it is seen that at 1E-2 BER the performance difference of these two alternatives is within 0.2dB.
It should be noted that the performance of Alt. 3 may be further improved by using more complex channel estimation algorithms. Also, through the selection of the DTX detection threshold we find that in order to maintain a certain DTX-to-ACK error rate for Alt. 1, the threshold should be increased with the noise and interference power on PUCCH channels. This indicates that power control on PUCCH channel may greatly impact the performance of Alt. 1. Besides, for the cases of non-DTX, one need to correctly decide on which PUCCH channel the ACK/NAK data is transmitted, which may become more difficult when the noise and interference power on different possible PUCCH channels is different. The results in this paper were done based on a simplified case where different PUCCH channels are located within the same RB. For more practical cases where the PUCCH channels may fall into different RBs, the negative impact of SINR difference on the PUCCH channels should be taken into account when evaluating Alt. 1.
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Figure 1: ACK/NAK BER of Alt. 1 and Alt. 3, two bits ACK/NAK
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Figure 2: ACK/NAK BER of Alt. 1 and Alt. 3, four bits ACK/NAK
3. Further discussion on Alt. 2: PUCCH Format 1b and multiple codes

In [1] it presents two ways to arrange multi-bits ACK/NACK signalling on top of PUCCH Format 1 resources, namely, Alt. 1 and Alt. 2. The principle of Alt. 2 is that each DL subframe has a set of resources to be used for signalling multi-bits ACK/NACK. Number of bits signalled depends on the received/detected DAI.  Table 1 shows the modulation approaches with Alt. 2, namely sequence selection scheme and multi-sequence modulation [4]. 

Table 1. Multi-bits ACK/NACK using PUCCH Format 1, Alt. 2 

[image: image3.emf]PUCCH Formats for multi-bits ACK/NACK

Sequence selection Multi-sequence modulation

1 bit BPSK, 1 resource BPSK

2 bits QPSK, 1 resource QPSK, 2 resources,  (2,8)

3 bits QPSK, 2 resources QPSK, 2 resources,  (3,8)

4 bits QPSK, 4 resources QPSK, 2 resources,  (4,8)


ACK/NACK procedure for bundled ACK/NACK and multi-bits ACK/NACK is very similar. This is the case also with DL grant failure situation (also when DAI is used as pure counter):
· UE signals the grant-specific ACK/NACK in the case all DL grants are correctly received. UE has the knowledge about the number of DL grants signalled based on the DAI included in DL grants.

· In the case all grants have failed, then UE just sends DTX (it has no reason to send ACK/NACK). eNode has capability to make a separation between DTX/ACK/NACK on PUCCH.

· In the case at least one DL grant has failed, then DTX is signalled similarly as in the case all grants have been failed.

The support for multi-bits ACK/NACK is a cell-specific parameter confiured by higher layer signalling when using Alt. 2.

· In the case when multi-bits ACK/NACK is supported, the PUCCH Format 1 channelization is made according to example shown in Figure 1b or 2c (Delta_shift=2, Delta_offset=0). 

· In the case when multi-bits ACK/NACK is not supported, then PUCCH Format 1 configured according to existing channelization as shown in Figure 1a (Delta_shift=2, Delta_offset=0).
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shift 0 1 2 4 shift 0 1 2 3 shift 0 1 2 4

0 0 12 0 0 0_MSM 0 0 0_MSM

1 6 1 6 0_MSM 1 0_MSM 0_MSM

2 1 13 2 1 1_MSM 2 1 1_MSM

3 7 3 7 1_MSM 3 1_MSM 1_MSM

4 2 14 4 2 2_MSM 4 2 2_MSM

5 8 5 8 2_MSM 5 2_MSM 2_MSM

6 3 15 6 3 3_MSM 6 3 3_MSM

7 9 7 9 3_MSM 7 3_MSM 3_MSM

8 4 16 8 4 4_MSM 8 4 4_MSM

9 10 9 10 4_MSM 9 4_MSM 4_MSM

10 5 17 10 5 5_MSM 10 5 5_MSM

11 11 11 11 5_MSM 11 5_MSM 5_MSM
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Figure 3. PUCCH Format 1a/b channelization w/ and w/o support for multi-bits A/N, normal CP.

Selection between multi-bits ACK/NACK and bundled ACK/NACK is made in a UE-specific way. Bundled ACK/NACK and multi-bits ACK/NACK can share the same physical implicitly signalled PUCCH Format 1a/1b resources reserved for dynamically scheduled PDSCH. 
4.
Summary
In this paper we have presented some simulations and discussions on the performance of Alt. 1 and Alt. 3 for multiple-bits ACK/NAK transmission outlined in [1]. Our results have taken into account the selection of the DTX detection threshold to ensure certain DTX-to-ACK error rate of Alt. 1, which is found to be greatly impacted by the noise and interference power on the PUCCH channel. 
By assuming simplified channel estimation for PUCCH Format 2 and that different PUCCH Format 1 channels are within the same RB, we find that the Alt. 3 outperforms Alt. 1 (with DTX-to-ACK error rate below 1E-2 ) by around 1.7dB for transmission of two bits ACK/NAK at ACK/NAK BER 1E-2, and that the performance difference of these two alternatives for four ACK/NAK transmission is within 0.2dB. Also noted is that the negative impact of power control on performance of Alt. 1 is not taken into account in the evaluations in this contribution.
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