3GPP TSG RAN WG1 #63bis                                 R1-110366
Dublin, Ireland
17th – 21th, January, 2011
Agenda Item:
6.2.1
Source: 
LG Electronics
Title: 
Rank Adaptation in ACK/NACK channel selection mapping
Document for:
Discussion and decision
1 Introduction
In RAN1#63 meeting, the mapping table for channel selection in [1] was agreed for FDD carrier aggregation. One of the remaining details of channel selection for FDD is the ‘Rank Adaptation’ shown in [2], [3]. In this contribution, we describe our views on the methods for the rank adaptation.
2
Discussion
2.1 
Two Alternatives for rank adaptation

It was agreed the mapping table would be dependent on the number of configured CCs and the TM mode of each CC. But in a MIMO Cell, a UE could dynamically receive a single codeword in the Cell due to dynamic rank adaptation. Thus in case of single codeword reception in a MIMO Cell, only half of states in the configured mapping table could be used for ACK/NACK transmission. As suggested in [2] and [3], there could be two simple alternatives to handle this case as the followings.

· Alternative 1: Regard ‘ACK’ and ‘NACK’ of a single codeword as ‘ACK/NACK’ and ‘NACK/NACK’ in two bit positions for MIMO Cell in the configured mapping table, respectively.

· Alternative 2: Regard ‘ACK’ and ‘NACK’ of a single codeword as ‘ACK/ACK’ and ‘NACK/NACK’ in two bit positions for MIMO Cell in the configured mapping table, respectively.

In the Annex 1, we showed all possible resultant mapping tables when we apply either alternative 1 or alternative 2. 
2.2
Comparison of two alternatives
In this section we compare two alternatives for rank adaptation considering the number of required ACK/NACK resources and Rel-8 fallback and ACK/NACK performance.

· Required resources

As shown in Annex, the number of required ACK/NACK resources for resultant mapping tables after applying mentioned rank adaptation methods (Alt.1 and Alt.2) is summarized in the following Table 1. As shown in the Table 1, the Alternative 1 shows less resource consumption than Alternative 2 in a very limited case, that is, only in the case 1, where a UE is configured 4 bit mapping table and PCell is scheduled by a PDCCH with CCE level=1 for single CW. 
Table 1. Number of required resources
	
	Case 1
	Case 2
	Case 3
	Case 4

	Alternative 1
	3
	4
	3
	3

	Alternative 2
	4
	4
	3
	3


· Rel-8 fallback

By reconsidering the design criterion of channel selection mapping table, Rel-8/9 fallback functionality is one of key features of the mapping table in [1]. As shown in Table 2, Alternative 2 supports both Rel-8/9 fallback for both 1CW and 2CW cases (i.e. PUCCH format 1a and 1b), but Alternative 1 only support PUCCH format 1b fallback only. It means that with Alternative 1 to handle reconfiguration error during uncertain reconfiguration period, an eNB should always schedules 2 CW PDSCH, while it is not always guaranteed that the channel quality supports 2 CW transmission. Moreover, by considering TM reconfiguration of PCell from MIMO to non-MIMO, PUCCH format 1a fallback shall be necessary not to incur any ambiguity between eNB and UE. Therefore in terms of Rel-8/9 fallback or reconfiguration error handling, Alternative 2 gives more benefit than Alternative 1.
Table 2. Rel-8/9 fallback
	
	PUCCH format 1a 
	PUCCH format 1b 

	Alternative 1
	No
	Yes

	Alternative 2
	Yes
	Yes


· ACK/NACK performance

We compared ACK/NACK performance of both alternatives for all cases mentioned in Annex 1. Theoretically resultant mapping tables of Alternative 1 will not show better performance than Alternative 2 because average distance of two QPSK constellation points of Alternative 1 is not larger than average distance of that of Alternative 2. In practice we evaluate required SNR to meet ACK/NACK requirement for all cases in Annex 1 and results are summarized in the following Table 3. And the simulation condition and detailed simulation results are shown in Annex 2. For all cases, performance of Alternative 2 is better than or similar to that of Alternative 1 and the maximum difference of required SNR is about 0.5 dB. 
Table 3. Required SNR (dB) to meet ACK/NACK requirement
	
	Case 1
	Case 2
	Case 3
	Case 4

	Alternative 1
	-6.14
	-6.56
	-6.98
	-7.28

	Alternative 2
	-6.65
	-6.56
	-7.52
	-7.38


Therefore, considering the support of Rel-8/9 fallback and ACK/NACK performance, it seems that Alternative 2 is more beneficial than Alternative 1 for rank adaptation. 

3 
Summary
In this contribution we discuss ‘Rank Adaptation’ in FDD channel selection mapping and compare two alternatives for rank adaption considering the number of required resources and Rel-8/9 fallback and ACK/NACK performance.

· Proposal: In case of single codeword reception in a MIMO Cell, regard ‘ACK’ and ‘NACK’ of a single codeword as ‘ACK/ACK’ and ‘NACK/NACK’ in two bit positions for MIMO Cell in the configured mapping table, respectively.
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Annex 1
The coloured ACK/NACK states are valid ACK/NACK states for rank adaptation cases.

· Case 1

In case of 4 bit mapping table, 1 CW in PCell and 2 CW in SCell
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· Case 2

In case of 4 bit mapping table, 2 CW in PCell and 1 CW in SCell
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· Case 3

In case of 4 bit mapping table, 2 CW in PCell and 1 CW in SCell
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· Case 4

In case of 3 bit mapping table, 1 CW in MIMO Cell 
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Annex 2

<Simulation assumptions>
	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz for ETU

	channel model
	ETU 3km/h 5 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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Note: And we applied joint ML detector (A/N information is detected using both RS and data symbol jointly) which is explained in [4].
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Case 2
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Case 3
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Case 4
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