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1
Scope
In this contribution, we compare link-level performance in EPA 3km/h 10 MHz and ETU 3km/h 10 MHz for a subset of the proposed R10 PUCCH ACK/NACK transmission schemes based on the agreed upon simulation assumptions following the email discussion in [61-01-LTE-A].
We show performance for the R8 TDD-based Channel Selection scheme, and two candidate Enhanced Channel Selection AN transmission schemes for the particular case of N=4 bits.
We compare the performance of DFT-S-OFDM SF=5 and R8 PUCCH Type 2 for N=2, 3, 4, 5 ,6, 8 and 10 bits.

2
Introduction

During RAN1#61, a majority of companies [1] indicated that two R10 ACK/NACK transmission schemes for the PUCCH could be needed to support carrier aggregation.

A first AN transmission scheme would support small payload sizes for the case of two aggregated DL CC’s, i.e. resulting in up to N=3 or 4 bits. A second AN transmission scheme would be needed for the general case of AN payload sizes larger than that value to support the theoretical case of N=10 bits.

Following the email discussion in [61-01-LTE-A] PUCCH A/N multiplexing for CA, a set of simulation and evaluation assumptions regarding DTX/ACK/NACK metrics, LL simulation assumptions, AN codebooks and various other coding assumptions for several candidate AN transmission schemes were captured in [2].

In this contribution, we present simulation results for a subset of the R10 AN candidate transmission schemes in [2].

For small AN payload sizes, we choose N=4 as the representative comparison point given this is the case of most immediate relevance for the two RAN4 R10 FDD intra-band and inter-band aggregation scenarios.

We show the LL performance in EPA and ETU channels for R8 TDD based Channel Selection, and compare it to the proposed Enhanced Channel Selection scheme in Table 8 [2]. Furthermore, we show LL performance of a second Enhanced Channel Selection scheme using a timeslot-based PUCCH selection approach.

Furthermore, we compare DFTS-S OFDM SF=5 and R8 PUCCH Type 2 for the entire AN bit range, i.e. N=2, 3, 4, 5, 6, 8, 10 bits. For DFT-S OFDM, we show results for the (32, A) RM and then repeated up to 48 coded bits baseline transmission scheme [3]. In addition, we show LL performance for a slightly modified DFT-S OFDM SF=5 transmission scheme using TBCC to obtain 48 coded bits.
Summary conclusions and recommendation are presented in Sections 5 and 6.

3
Simulation Assumptions
Link-level simulation parameters are based on [2] and summarized in Table 1.

	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	EPA: 10 MHz, ETU: 10 MHz

	Channel model
	EPA 3km/h 10 MHz, ETU 3km/h 10 MHz

	Frequency-hopping
	At slot boundary

	Antenna setup
	1Tx, 2Rx

	RX antenna correlation
	Uncorrelated

	Channel estimation
	Practical

	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 1: Link-level simulation assumptions

For N=4 bits, the R8 Channel Selection scheme (referred to as Channel Selection (R8)) is simulated according to Table 6 [2], and then compared to the proposed Enhanced Channel Selection scheme (referred to as Enhanced CS (Alt 1)) as by Table 8 [2].

Furthermore, we show another possible modification of an Enhanced Channel Selection Scheme (referred to as Enhanced CS (Alt 2)) using a timeslot based PUCCH index selection mechanism. The AN mapping table for this transmission scheme in given in Table 2 below.
The DFT-S OFDM SF=5 (referred to as DFT-S OFDM (RM)) transmission scheme is simulated according to assumptions on slide 24 in [2]. TS36.212 (32, A) CQI based channel coding with repetition to 48 coded bits is used. The RS symbols are mapped to the 2nd and 6th symbol per timeslot. Data symbols are mapped to 1st, 3rd, 4th, 5th and 7th symbol in the timeslot.

A modification of this baseline DFT-S OFDM scheme (referred to as DFT-S OFDM (TBCC)) is shown. Instead of the (32, A) RM code followed by repetition up to 48 channel bits, we use TBCC to code up to 10 AN bits into up to 30 channel coded bits followed by circular buffer rate-matching to obtain the 48 channel bits. Interleaving is applied. RS and data symbol mapping compared to the DFT-S OFDM (RM) remains unchanged.

The PUCCH Format 2 (referred to as Format 2 (R8)) transmission scheme is simulated according to assumptions on slide 22 [2]. TS36.212 (20, A) CQI based channel coding is used as by R8. We do not include the interleaver, and the 6th column of the base sequence is used for the mapping of the AN bits.

	
	Ch 1
	Ch 2

	
	Slot 0
	Slot 1
	Slot 0
	Slot 1

	
	RS
	Data 
	RS 
	Data 
	RS
	Data 
	RS 
	Data 

	N, N, N, N
	1
	1
	1
	1
	0
	0
	0
	0

	N, N, N, A
	1
	-j
	1
	-j
	0
	0
	0
	0

	N, N, A, N
	1
	j
	1
	j
	0
	0
	0
	0

	N, N, A, A
	1
	-1
	1
	-1
	0
	0
	0
	0

	N, A, N, N
	0
	1
	1
	0
	1
	0
	0
	1

	N, A, N, A
	0
	-j
	1
	0
	1
	0
	0
	-j

	N, A, A, N
	0
	j
	1
	0
	1
	0
	0
	j

	N, A, A, A
	0
	-1
	1
	0
	1
	0
	0
	-1

	A, N, N, N
	1
	0
	0
	1
	0
	1
	1
	0

	A, N, N, A
	1
	0
	0
	-j
	0
	-j
	1
	0

	A, N, A, N
	1
	0
	0
	j
	0
	j
	1
	0

	A, N, A, A
	1
	0
	0
	-1
	0
	-1
	1
	0

	A, A, N, N
	0
	0
	0
	0
	1
	1
	1
	1

	A, A, N, A
	0
	0
	0
	0
	1
	-j
	1
	-j

	A, A, A, N
	0
	0
	0
	0
	1
	j
	1
	j

	A, A, A, A
	0
	0
	0
	0
	1
	-1
	1
	-1


Table 2: Enhanced CS (Alt 2) AN transmission scheme

4
Simulations Results

The performance of Channel Selection and Enhanced Channel Schemes is shown in Figure 1 for N=4 bits both for EPA 3km/h 10 MHz and ETU 3km/h 10 MHz.

Figure 2 summarizes link level performance for EPA 3km/h 10 MHz for the range of AN bits from N=2 to 10 bits with DFT-S OFDM and PUCCH Type 2 based AN transmission schemes. More detailed results can be found in the Annex in Figures 3 to 9.
In Figure 1 and figures 3-9, solid lines represent the probability of ACK missed detection, i.e., Pr(ACK→NACK/DTX) whereas dashed lines indicate the probability of error for NACK to ACK for all transmission schemes.

[image: image2.png]0.1

=)
2

Probability o

0.0001

10 MHz, 1x2, EPA 3kmph 4 bits

Enhanced CS (Alt. 1)
Enhanced CS (Alt. 2)
Channel Selection (R8)
Enhanced CS (Alt. 1)

Channel Selection (R8) |

™ — — — Enhanced CS (Alt. 2)
Fs \
A
= \
AN
R
A
ARG
X
3
X
-12 -10 SNR(dB) -8 -6




 [image: image3.png]1 10 MHz, 1x2, ETU 3kmph 4 bits = [ T |
j— CI"\an‘neI‘Sel‘ect‘ion‘(R‘S)
Enhanced CS (Alt. 1)
Enhanced CS (Alt. 2)

™~
. = = Channel Selection (R8)
~ — = = Enhanced CS (Alt. 1)
0.1 ~ — = = Enhanced CS (Alt. 2)
N
\
& \\
0.01 5z N\
£ ] T
S < Y
g L%
a S X
~OUN
4 N
0.001
.
0.0001
-14 -12 -10 -8 -6 -4

SNR (dB)





Figure 1: Summary of link performance for Channel Selection and Enhanced CS N=4 A/N bits
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Figure 2: Summary of link performance of DFT-S OFDM and PUCCH Type 2 for N=2, 3, 4, 5, 6, 8, 10 A/N bits

5
Discussion

When comparing the R8 Channel Selection and Enhanced CS schemes for N=4 bits, we observe that both Enhanced CS Alt 1 and Alt 2 result in slightly worse NACK(ACK error rates than the R8 based Channel Selection Scheme. This is due to the higher number of dimensions of the signal space with the latter scheme (4 independent resources with R8 based Channel Selection versus 2 independent resources with either Enhanced CS scheme).
We observe that there is no statistically significant SNR performance difference between the evaluated Enhanced CS Alt 1 and Alt 2 schemes. In the case of N=4 bits, both schemes require only 2 PUCCH indices per subframe, and although the approaches slightly differ in terms of distance properties and how interference is distributed across the timeslots, there is no observable difference LL performance wise.
When comparing DFT-S OFDM (RM) with DFT-S OFDM (TBCC), we observe that both approaches essentially have comparable link-level performance in EPA 3km/h.
According to the link level results in Section 4, we summarize the required SNR for each of the proposed R10 PUCCH transmission schemes in Table 2 below.
	Number of AN bits
	N=2
	N=3
	N=4
	N=5
	N=6
	N=8
	N=10

	Channel Selection (R8)
	
	
	-7.1
	
	
	
	

	Enhanced CS (Alt 1 or Alt 2)
	
	
	-6.8
	
	
	
	

	PUCCH Type 2 (R8)
	-6.4
	-6.0
	-5.2
	-4.9
	-3.0
	-2.1
	-1.1

	DFT-S OFDM SF=5
	-6.4
	-5.8
	-4.7
	-4.5
	-4.3
	-3.0
	-2.7


Table 2: Required SNR [dB] in EPA 3km/h 10 MHz for proposed R10 AN transmission schemes
Pr (NAK → ACK) ≤ 10-3, 
Pr (ACK bits → NAK or DTX) ≤ 10-2 and Pr (DTX → ACK bits) ≤ 10-2
We observe that under the agreed-upon assumptions [2], R8 Channel Selection is better by more than 1.5 dB for N=4 bits than either DFT-S OFDM or PUCCH Type 2 (R8) based AN transmission schemes.

R8 PUCCH Type 2 performs worse than DFT-S OFDM for N=6 bits or more (up to 1.6 dB for N=10). Note however that these results are slightly pessimistic towards PUCCH Type 2, given that we expect the presence of an interleaver and avoiding mapping to the 6th RM base sequence to avoid the steep performance degradation for N=6 AN bits and beyond. 
We note that R10 FDD is primarily designed to support 2 DL CC’s in a 2x10 MHz inter-band, and in a 2x20MHz intra-band aggregation scenario. While R10 is nominally required to support carrier aggregation up to 5 DL CC’s, only appropriate addition of RF scenarios in RAN4 in future Releases will make all these cases relevant for actual UE implementation.

Therefore, consideration of the existing R8 (TDD based) Channel Selection mechanism for the R10 AN therefore presents a twofold advantage.
It offers best link-level performance for the R10 carrier aggregation use cases of most immediate concern in R10, which is support of up to 4 AN bits in presence of 2 DL CC’s while eventually including the DL SU-MIMO TM. Note that the R8 based CS mechanism is the only candidate AN transmission strategy with potential to maintain a balanced DL/UL control channel link budget even in the UL coverage limited Case 3 environment when compared to R8 PUCCH Type 1a without falling back to AN repetition.
In addition, relatively little additional R10 specification work in RAN1 and RAN4 is expected when introducing R8 based CS into R10 FDD given that the R8 baseline could be reused with minimal modifications.

Enhanced CS schemes such as Alt 2 shown in this contribution offer the possibility to reduce the number of reserved PUCCH resources by half in the case of N=4 when compared to R8 Channel Selection at the cost of very little performance degradation in the order of fractions of a dB only. This may potentially constitute a useful approach to improve upon the efficiency of the R10 PUCCH allocations, and therefore should be further considered in conjunction with the R10 PUCCH index allocation scheme.
Given that no Enhanced Channel Selection based scheme is likely able to support the entire AN range up to N=10 bits, it doesn’t appear promising to pursue an optimization of these schemes to increase their applicability to beyond 4 AN bits when a scheme like DFT-S OFDM or PUCCH Type 2 will still be needed to cover the remaining high N range.

The optimization of AN transmission schemes for N=5 bits or more in the R10 timeframe therefore appears un-warranted, given that there is no immediate need in R10 to support carrier aggregation with more than 2 DL CC’s.
Therefore, two alternatives for a potential way forward on the R10 PUCCH AN transmission scheme seem possible in R10.
The first alternative is to adopt R8 based Channel Selection as the mechanism to carry N=3 or N=4 bits, and to adopt a solution based on PUCCH Type 2 for R10 that allows to nominally support from 5 to 10 AN bits. This would result in little additional R10 specification work given these schemes are already available and tested against in R8 RAN1 and RAN4 specifications. Further optimization of the PUCCH robustness, i.e. DFT-S OFDM to improve upon carrier aggregation for scenarios with more than 2 DL CC’s could be pursued in the R11 timeframe.
A second alternative is based on the observation that DFT-S OFDM SF=5 consistently outperforms any other candidate transmission scheme for the higher N range even in absence of any particular performance optimization. DFT-S OFDM is also scalable in terms of payload which would offer a distinct advantage when considering CSI/CQI reporting. Therefore, R8 based Channel Selection for N=3, 4 in conjunction with DFT-S OFDM for N=5 to 10 offers itself as a combination for the choice of the two R10 AN transmission schemes.
6
Conclusions and Recommendations
In this contribution, we show link level performance in EPA 3km/h 10 MHz and ETU 3km/h 10 MHz for Channel Selection, Enhanced Channel Selection, PUCCH Type 2 and DFT-S OFDM SF AN transmission schemes.
We observe that under the agreed-upon assumptions [2], R8 Channel Selection is better by more than 1.5 dB for N=4 AN bits than either DFT-S OFDM or PUCCH Type 2 (R8) based AN transmission schemes. R8 PUCCH Type 2 performs more than 1dB worse than DFT-S OFDM for N=6 bits or more
We propose the following working assumptions:
Proposal 1: R8 Channel Selection is the AN transmission scheme for N=3 and N=4 bits for FDD in R10
Proposal 2: DFT-S OFDM SF=5 is the AN transmission scheme for N=5-10 bits in R10
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Appendix – Detailed Simulation Results
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Figure 3: Link performance of Rel-10 PUCCH A/N multiplexing schemes for N=2 A/N bits
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Figure 4: Link performance of Rel-10 PUCCH A/N multiplexing schemes for N=3 A/N bits
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Figure 5: Link performance of Rel-10 PUCCH A/N multiplexing schemes for N=4 A/N bits
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Figure 6: Link performance of Rel-10 PUCCH A/N multiplexing schemes for N=5 A/N bits

[image: image9.png][ 10 MHz, 1x2, EPA 3kmph 6 bits ——— DFTS-OFDM (TBCC)
——— DFTS-OFDM (RM)

Format 2 (R8)

— — — DFTS-OFDM (TBCC|
N (TBCC)
0.1 — — — DFTS-OFDM (RM)
- — — Format2 (R8)

=)
2
'

Probability o

0.0001
(SNR(dE)

-12 -10 -8 - -2





Figure 7: Link performance of Rel-10 PUCCH A/N multiplexing schemes for N=6 A/N bits
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Figure 8: Link performance of Rel-10 PUCCH A/N multiplexing schemes for N=8 A/N bits
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Figure 9: Link performance of Rel-10 PUCCH A/N multiplexing schemes for N=10 A/N bits









































































_1338625929.unknown

