3GPP TSG RAN WG1 Meeting #60













R1-101418
San Francisco, US, 22 - 26 Feb 2010   
Agenda item:

7.1.4
Source:

Nokia Siemens Networks, Nokia
Title:
Performance comparison of PUCCH ACK/NACK transmission schemes for CC aggregation
Document for:

Discussion and Decision
1
Introduction

This contribution deals with PUCCH ACK/NACK transmission schemes for CC-aggregation focusing on the performance comparison between following schemes. 
a) NxPUCCH Format 1a/1b

b) PUCCH Format 1a/1b with resource selection 
c) PUCCH Format 2

We consider link performance and control channel overhead aspects as well as the CM and out-of-band emission issue raised in RAN4. Details for PUCCH resource allocation are presented in another paper [1].
2 Comparison of different ACK/NACK transmission schemes
2.1 Resource consumption
Table 1 compares resource consumption of PUCCH Format 1a/1b and PUCCH Format 2 –approaches. It assumes explicit resource allocation (Format 2) and combination
 of implicit and explicit resource allocation (Format 1a/1b). It can be noted that in the case of small DL CC set Format 1a/1b –approach is more efficient in terms of PUCCH resource consumption. However, in the case of large DL CC set Format 2 is more economical choice. 

Table 1. Resource consumption per UE on top of Rel-8 (FDD), delta_shift=2.

	DL CC set
	Resource consumption (vs. Rel-8)

	
	Format 1a/1b
	Format 2

	1
	0
	1/6 RB

	2
	RB/18 = 1/18 (RB)
	1/6 RB

	3
	RB/9 = 2/18 (RB)
	1/6 RB

	4
	RB/6 = 3/18 (RB)
	1/6 RB

	5
	2/9 RB = 4/18 (RB)
	1/6 RB


Implicit resource allocation allows to reduce the PUCCH overhead in the case with PUCCH Format 1a/1b especially when the number of UEs configured to support scheduling on multiple DL CCs is high. This is not the case with Format 2 –approach, where the whole resource becomes occupied right after the first DL CC has been scheduled. This emphasizes the fact that PUCCH format 1a/1b based schemes are more economical from PUCCH overhead point of view. 
The drawback of Format 1a/1b is increased CM when multiple DL CCs are allocated. This problem can be alleviated by utilizing resource selection. However, there are certain limitations with this approach:

· Spatial bundling should always be used in the case with more than two CCs . On the other hand, as shown e.g., in [6], spatial bundling causes only negligible performance degradation in DL system level performance compared to the case w/o spatial bundling. This is the case with practical systems assumptions including dynamic rank adaptation.

· In most cases there is no separation between DTX and NACK (this is the case esp. with three and four component carriers). This has some impact in HARQ performance in DL side.  

2.2 Link Performance 

In this chapter we evaluate the performance of different transmission. by assuming 1 and 2 A/N bits per component carrier.
Table 2 shows the link performance of NxPUCCH and PUCCH Format 1a resource selection with 1 A/N Bit per CC as a function of number of component carriers allocated The SNR requirement used as input for link budget calculation  is based on the simulated  A/N  BER of 0.1%.   The output back-off used is based on the cubic metric calculation.  The curves are provided in APPENDIX.   
Table 2. Performance of parallel  ( NxPUCCH) compared to single PUCCH transmission with Resource Selection (RS), 1 A/N Bit per CC
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           NxPUCCH            RS

Number of  componet carriers

1 2 4 2 4

EIRP

[dBm]

23 23 23 23 23

Tx BW [kHz]

180 360 720 180 180

Receiver Noise Figure [dB]

2 2 2 2 2

Receiver Noise Power [dBm]

-119.4 -116.4 -113.4 -119.4 -119.4

Output-backoff [dB]

0.0 1.0 1.7 0.0 0.0

Required SNR [dB]

-7.2 -7.2 -7.2 -6.1

-4.7

Receiver Sensitivity

[dBm]

-126.6 -122.6 -118.9 -125.5 -124.1


Results show that link performance of NxPUCCH is up to 6 dB worse than that of single PUCCH Format 1a with resource selection.  This is because resource selection has lower SNR requirement and higher CM.  The result is even  positively biased form NxPUCCH scheme point of view since CM underestimates the output back-off needed to meet out-of-band emission requirements [3]-[5]  .

Table 2 shows the link performance of NxPUCCH and PUCCH Format 2a resource selection with 2 A/N bits per CC as a function of number of component carriers allocated.   
  Table 3. Performance of parallel  ( NxPUCCH) compared to single PUCCH Format 2  transmission, 2 A/N bit per component carrier
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Based on the performance and CM/OOB reasons it can be concluded that NxPUCCH is not a feasible ACK/NACK signalling scheme to be used in LTE-Advanced. 
2.3 Discussion
Based on the above analysis we make the following proposals: 
Proposal:  Concurrent transmission of multiple PUCCH channels (NxPUCCH) is not supported in LTE-Advanced due to:
· Bad power efficiency 
· Bad link performance 
Proposal:  ACK/NACK resource selection needs to be supported in LTE-Advanced as it provide
· Smaller overhead than Format 2
· Excellent coverage with spatial bundling
Proposal: Multi-ACK/NACK signalling based on PUCCH Format 2 needs to be supported in LTE-Advanced
· Spatial bundling can be avoided

· DTX/NACK separation can be provided

· No issues with CM/OOB (compared to NxPUCCH)

· Up-to 13 bits can be supported using the Rel-8 coding scheme. Multi-sequence modulation (MSM) can be used to increase the PUCCH format 2 payload size
3
Summary 
In this contribution we have discussed ACK/NACK transmission schemes on PUCCH to support carrier aggregation. We propose to take the following actions:
Proposal:  Concurrent transmission of multiple PUCCH channels (NxPUCCH) is not supported in LTE-Advanced 

Proposal:  ACK/NACK multiplexing by the means of PUCCH Format 1a/1b resource selection is be supported in LTE-Advanced 

Proposal: Multi-ACK/NACK signalling based on PUCCH Format 2 is supported in LTE-Advanced
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APPENDIX

Figure 1 shows the BLER performance for PUCCH Format 2 with CQI (= multi-ACK/NACK) payload sizes. ACK missed detection probability (with P(FA)=1%) is also included in the same figure. It can be seen that CQI transmission requires about 1dB to 6.5dB better SNR than 1-bit ACK/NACK and ACK/NACK channel selection (Table 3).
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Figure 2 shows the CM properties for NxPUCCH approach having 1-4 parallel PUCCH resources in use.  Those resources are randomly selected out from 5 PRBs each having 18 parallel PUCCH Format 1a/1b resources. Furthermore, it is assumed that the base sequence is randomly selected. Results show that coverage loss due to increased CM is up to 2.5 dB compared with CM of single PUCCH Format 1a/1b resource [5].
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Figure 2. Cubic metric properties of  NxPUCCH approach with 1-4 parallel PUCCH Format 1a resources.







Figure � SEQ Figure \* ARABIC �1�. Performance of PUCCH Format 2 [8].








� Implicit resource allocation corresponding to PDCCH(s) scheduled via CC paired with UL CC carrying the PUCCH.





