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Discussion and Decision
1
Introduction

In RAN1 #58bis, the following decisions have been made: 

· Rel10 design supports up to 5 DL CC

· Consider extendability to larger number of DL CC in the future

· All A/N for a UE can be transmitted on PUCCH in absence of PUSCH transmission

· Support mapping onto one UE specific UL CC

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Support for simultaneous A/N transmission on multiple UL CC is FFS

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Exact method for A/N resource allocation is FFS

· Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC 

· Consider performance and power control issues (CM, BER...) 

Clarifications:

· A/N mapping onto one UL CC: semi-static and dynamic mapping are not excluded.

· Multiple PUCCH on an UL CC is not excluded.

This contribution deals with PUCCH resource allocation in the case of dynamically scheduled PDSCH and carrier aggregation. We take into account also the SU-MIMO aspect with an assumption that SORTD (PUCCH Tx diversity) is only used when PDCCH utilizes two or more CCEs. Otherwise, fallback to single antenna port transmission is used on PUCCH.  Details related to ACK/NACK transmission schemes are presented in another paper [1].
2 PUCCH resource on one UE specific UL CC 
In RAN1 #58bis, it has been agreed to support ACK/NACK resource mapping onto one UE specific UL CC. However, the detailed resource allocation principles are still open: 
I. What is the ACK/NACK container used to convey multiple ACK/NACK bits?
a. PUCCH Format 1a/1b

b. PUCCH Format 2

c. New physical channel (e.g., Block-spread PUSCH)  [2]
II. What is the exact method for ACK/NACK resource allocation (RA)?

a. Implicit mapping
b. Explicit mapping
It is noted that any potential RA solution should fulfil the design criterion agreed in RAN1 #58bis: “Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC”. 

As discussed in [1], it makes sense to consider two approaches for ACK/NACK signalling in LTE-Advanced:

· One is based on CC-specific PUCCH Format 1a/1b (ACK/NACK multiplexing)
· Another based on physical channel with support for larger ACK/NACK payload (cases Ib/Ic). 
Considering the agreement that A/N feedback should not be optimized for a large number of UEs being simultaneously scheduled on multiple DL CCs, we think that explicit and higher-layer configured resource allocation is sufficient for the cases with large ACK/NACK payload (i.e., cases Ib/Ic). Furthermore, we also think it makes sense to select ACK/NACK signalling mode in a UE-specific manner. 
Proposal:  Implicit resource allocation is considered only for PUCCH Format 1a/1b 

Proposal:  Explicit resource allocation is the only option for PUCCH Format 2 
PUCCH Format 1a/1b:

Figure 1 shows the PUCCH resource allocation problem considered. It is assumes that three DL CCs form the UE DL CC set. There is a need to reserve one PUCCH Format 1a/1b channel corresponding to each scheduled PDCCH/PDSCH. In this example, PUCCH resources are reserved on one UE-specific UL CC denoted as ‘UL#1’.   

Rel-8 type of PUCCH structure and resources exist with uplink component carriers (CC) having UEs with only single DL CC configured and/or Rel-8/9 UEs in operation. In order to minimize the PUCCH overhead, it makes sense to reuse the existing dynamic ACK/NACK resources as much as possible:

· ACK/NACK resource(s) corresponding to PDSCH scheduled via DL#1 (i.e. DL CC paired with UL CC carrying the PUCCH) are reserved implicitly from the existing (Rel-8) PUCCH resource space reserved for dynamically scheduled ACK/NACK.
· ACK/NACK resource(s) corresponding to PDSCH scheduled via DL#2 and DL#3 (i.e. via cross-DL-CCs  i.e., those DL CCs not paired with UL CC carrying the PUCCH) are reserved based on implicit or explicit resource allocation.
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Figure 1. Resource reservation for PUCCH ACK/NACK.
Proposal: PUCCH Format 1a/1b resources corresponding to PDSCH(s) scheduled via DL CC that is paired with UL CC carrying the PUCCH are reserved implicitly following mapping rules defined in Rel-8.
Explicit resource allocation:
We think that the combination of implicit and explicit needs to be supported for resource allocation (i.e., explicit signalling corresponding to cross-DL-CCs, i.e., those DL CCs not paired with UL CC carrying the PUCCH). It is the most straightforward way with the smallest standardization effort, in the case that only small number of UEs have been configured to support more multiple DL CCs.

Implicit resource allocation:
When the number of (RRC connected) UEs configured to support more multiple DL CCs is high the explicit resource allocation may result in high UL overhead. Hence, there is a need to consider implicit resource allocation to complement explicit resource allocation. 

Implicit resource allocation can be based on a pre-defined PUCCH Format 1a/1b resource space reserved to PDSCH ACK/NACKs scheduled via cross-DL-CCs. The principle is shown in Figure 2. The starting position of the ‘cross-CC ACK/NACK’ space can be signalled via higher layers. Another option is to derive it based on instantaneous PCFICH value of DL CC paired with UL CC carrying the PUCCH . 
Resource allocation within the cross-CC ACK/NACK space follows the implicit resource allocation principle used in Rel-8 (i.e., first CCE of the PDCCH). The mapping rule may contain DL-CC index as additional input parameter for implicit resource allocation. We also think that cross-CC ACK/NACK space should allow for proper configurability to trade-off between PUCCH overhead and scheduler flexibility (many-to-one and one-to-one mapping).

Proposal: Support both  explicit and implicit  signalling of PUCCH Format 1a/1b resources for DL CCs not paired with UL CC carrying the PUCCH.
Proposal:  Implicit resource allocation should support both one-to-one and many-to-one mapping between CCE/CC carrying the PDCCH and ACK/NACK resource
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Figure 2. ACK/NACK resources with implicit mapping.
3 PUCCH resource on multiple UE specific UL CCs 

As mentioned, the current status for simultaneous A/N transmission on multiple UL CCs is FFS. It is clear that this would be the most cost-efficient way to reserve N PUCCH channels (& apply PUCCH channel selection on top of those resources) in the case UE has been configured to support N  UL CCs (see Figure 3). However, it is noted that the same PUCCH resource consumption can be obtained using cross-CC scheduling with CIF bits (i.e., no additional PUCCH resources are needed, on top of Rel-8).
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Figure 3. Resource reservation for PUCCH ACK/NACK
We note that in typical use case the number of DL CCs is larger than that of UL CCs. Hence, this would be a special RA scheme in any case. It is also noted that power efficiency can be maximized when all the PUCCH resources are concentrated onto one UL CC. Yet another aspect is that there can be some issues related to PUCCH PC when the PUCCH resources are spread on multiple UL CCs. Hence, we think support for this option is not needed in LTE-Advanced. 
Proposal: It is enough to have all the PUCCH resources of a single UE reserved on a single UE specific UL CC. 
4
PUCCH resource allocation for CC-aggregation plus SORTD
We assume that SORTD (PUCCH Tx diversity) is only used when PDCCH utilizes two or more CCE (Format 1a/1b). Using this assumption, we make the following assumptions:
· Option 1: Single antenna port transmission is always used in the case with more than 1 CCs
· Option 2: SORTD is used only if there are two PUCCH format 1/1a/1b resources available corresponding to each allocated CC. Otherwise, single-antenna port mode is used.

We note that there is high correlation between the number of CCEs allocated to different PDCCHs. Hence, we think that Option 2 does not limit the applicability of SORTD too much. We consider Option 2 as the preferred solution. 
Proposal:  SORTD can be used only if there are two PUCCH format 1/1a/1b resources corresponding to each allocated CC 

5
Summary & Way Forward
In this contribution we have discussed PUCCH resource allocation to support carrier aggregation in the case of dynamically scheduled PDSCH. We propose the following concrete actions:
Proposal:  Explicit resource allocation is the only option for PUCCH Format 2
Proposal:  Implicit resource allocation is considered only for PUCCH Format 1a/1b 

Proposal: PUCCH Format 1a/1b resources corresponding to PDSCH(s) scheduled via DL CC that is paired with UL CC carrying the PUCCH are reserved implicitly following mapping rules defined in Rel-8.
Proposal: Support both implicit and explicit signalling of PUCCH Format 1a/1b resources for DL CCs not paired with UL CC carrying the PUCCH.

Proposal:  Implicit resource allocation of PUCCH Format 1a/1b resources for DL CCs not paired with UL CC carrying the PUCCH should support both one-to-one and many-to-one mapping between CCE/CC carrying the PDCCH and ACK/NACK resource

Proposal:  It is enough to have all the PUCCH resources of a single UE reserved on a single UE specific UL CC
Proposal:  SORTD can be used only if there are two PUCCH format 1/1a/1b resources corresponding to each allocated CC. 
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