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Discussion and Decision
1
Introduction

It was agreed in RAN1 #61bis (for both FDD and TDD):
· For Rel-10 UEs that support up to 4 A/N bits: 

      PUCCH format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: 
DFT-S-OFDM

This contribution deals with channel selection details for multi-A/N signalling on PUCCH (FDD):
· How to maximize commonality with multi-A/N using DFT-S-OFDM?

· What is the preferred channel selection strategy in LTE-Advanced?

· What are the pros and cons of different channel selection approaches?
There are two different A/N signalling scenarios that need to be considered:

1. Typical carrier aggregation scenario: DL scheduling taking place from both PCC and SCC(s)
2. Special case: CIF-assisted cross-CC scheduling from PCC only (based on existing PUCCH format 1b resources)
It is noted that optimizing channel selection for two scenarios results in two different mapping tables.
2.
General design principles (applicable to both DFT-S-OFDMA and channel selection)
It has been proposed e.g., in [1] to apply Rel-8/9 PUCCH resources in the case of PCC only scheduling even if configured with multiple component carriers in DL side. In this scenario Multi-A/N resource in taken into use in the case UE receivers only the following signaling:

· A/N relates to at least one DL SCC  
· A/N relates to a DL PCC and at least one DL SCC  
We think that this principle should be taken as baseline design criterion on PUCCH and it should be applied in both DFT-S-OFDM and channel selection. The main reasons for this proposal are: This will allow (1) sharing the same multi-A/N resource among multiple UEs on PUCCH and (2) robust Rel-8 type of operation during the cases with ambiguity related to CA configuration [5]. 
Proposal :  Multi-A/N resource on PUCCH is used only in the case A/N signalling relates to one or more SCCs
The ambiguity related to the CC MAC activation/deactivations may need to be taken into account also with multi-A/N signalling. If the eNodeB and the UE have different understanding of the number of activated CCs, severe error cases may arise (multi-A/N payload assumed by the UE could be incorrect leading to erroneous detection of jointly coded A/N). These error cases can be easily mitigated by reporting the multi-A/N always according to the number of configured CCs regardless of whether they are activated or not. 
Proposal :  Codebook size on PUCCH  Multi-A/N resource is defined based on the number of configured CCs

It has been discussed e.g. in [2] that there is timing uncertainty involved in CC configuration. This is a specific problem in the case of PUCCH channel selection as discussed in [3]. In order to avoid this problem, we propose to apply the same multiplexing mapping table regardless of the number of DL CCs configured. In this scenario, a single A/N multiplexing mapping table defined for up-to four bits needs to be defined. This choice would avoid problems related to misalignment period completely.  
Proposal :  A single A/N multiplexing mapping table is applied regardless of the number of DL CCs configured 
3.
Channel selection
In this section we compare pros and cons of three channel selection schemes.
· Option 1: Channel selection based on Rel-8/9 TDD channel selection, M=4 (Table 1)  -- reference design
· Option 2: Modified channel selection, M=4 (Table 2)
· Option 3: RS enhanced channel selection (Table 3)
A common nominator for three channel selection schemes is that they are based on a single design applicable to 1-4 bits. Optimization criteria have been slightly different for Option 2 and Option 3:

· Option 2 has been optimized for CIF-based cross-CC scheduling from the PCC (it is compatible with the implicit resource allocation)

· Option 3 has been optimized for typical CA scenario with scheduling from both PCC and SCC. Option 3 supports explicit and hybrid resource allocation (in both cases Multi-A/N resource consisting of one or more PUCCH format 1b resources is configured explicitly via higher layer signalling).

Table 2 shows the A/N multiplexing table used in Rel-8 TDD (M=4). The problem of existing Rel-8 TDD based channel selection design, as pointed out in [4], is that it cannot provide full separation between ACK and NACK in all cases ([h3,-1] and [h1, -j]). This problem is solved in A/N channel selection shown in Table 3, which is based on [5]. 
The main merit of Option 2 over Option 3 is that it can cope with the existing PUCCH format 1b resources in the case of CIF-based cross-CC scheduling from PCC (separate Multi-A/N resource is not needed in this case). 
Option 3 utilizes ordinary channel selection when there are up to 2 SCCs (or 3 bits) and enhanced channel selection when there are 3 SCCs (or 4 bits). The benefits of Option 3 (Table 4) compared to Option 1 and Option 2 are:
· A/N feedback scheme in the case of PCC only scheduling is exactly the same as in Rel-8/9 (2-bit A/N can be supported on PCC)

· PUCCH resource consumption is smaller in 4-bit case
· It has inbuilt support for various CA combinations with and w/o spatial bundling (2+1, 2+1+1, 2+2, 1+1+1+1 A/N bits per component carrier): Spatial bundling per component carrier can be applied only on per need basis & according to higher layer configuration.
· Enhanced DTX-to-NACK separation can be easily provided (this will require separate mapping table)

· Extension to 36 states on Multi-A/N resource can be made using three resources.
Table 4 summarizes the properties of three channel selection tables considered. 

Table 1. Channel selection according to Rel-8/9 TDD.
[image: image1.emf]PCC SCC PUCCH A/N resource (h#) Data
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Table 2. Rel-8 TDD, modified
[image: image2.emf]PCC SCC PUCCH A/N resource (h#) Data

b0 b1 b2 b3 RS&Data             Const.
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Table 3. Enhanced channel selection 

[image: image3.emf]PCC SCC PUCCH A/N resource (h#) Data

b0 b1 b2 b3 RS Data Const.

D D D D DTX DTX
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Table 4. Comparison of different mapping tables

	
	Option 1 

Rel-8 TDD (Table 2)
	Option 2 

Rel-8 TDD Modified (Table 3)
	Option 3 

RS enhanced CS (Table 4)

	PUCCH Format 1b resource consumption with Hybrid resource allocation and 4-bit payload
	3 (+1
)
	3 (+1)
	2 (+1)

	Support for Rel-8 operation in the case of PCC only scheduling
	Spatial A/N bundling required
	Spatial A/N bundling required
	Spatial A/N bundling not needed (2-bit A/N can be supported on PCC)

	Full separation between NACK and ACK
	No
	Yes
	Yes

	Support for implicit resource allocation (= CIF-based cross-CC scheduling with small overhead)
	Yes
	Yes
	No


Based on discussion above, we propose to specify two separate mapping tables for two scenarios identified. 
Proposal :   Two channel selection tables are specified

Proposal :   Channel selection table according to Option 3 is specified as baseline scheme for typical carrier aggregation scenarios

Proposal :   Channel selection table according to Option 2 is specified as an  overhead optimized solution for CIF-based channel selection from PCC. 
4.
Summary & Way Forward
In this contribution we have discussed channel selection details for A/N transmitted on PUCCH. We make the following proposals:
Proposal :   Two channel selection tables are specified for two different scenarios:

Channel selection table according to hybrid RA and Option 3 is specified as baseline scheme for typical carrier aggregation scenarios

Channel selection table according to implicit RA and Option 2 is specified as overhead optimized solution for CIF-based channel selection from PCC

Proposal :   Both channel selection tables specified cover payload of 1-4 bits (& 2-4 CCs)
Proposal :  Codebook size on PUCCH  Multi-A/N resource is defined based on the number of configured CCs
Proposal :  Multi-A/N resource on PUCCH is used  only in the case A/N signalling relates to one or more SCCs
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