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Discussion and Decision
1
Introduction

This contribution deals with details related to PUCCH resource allocation in the case of dynamically scheduled PDSCH and carrier aggregation. We also discuss the A/N codebook size definition related to multi-A/N signalling. 

It was agreed in RAN1 #58bis that: “Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC”.  However, the detailed resource allocation principles applicable to UL CC carrying PUCCH are still open. There is a linkage between multi-A/N container used and multi-A/N resource allocation. Hence, we need to cover both aspects in parallel. The existing proposals and our preferences for multi-A/N signalling are summarized in Table 1 (ANNEX). The main options available are summarized below:
A. A/N container used to convey multiple A/N bits

a. PUCCH Format 1a/1b (limited feedback)
b. PUCCH Format 2 

c. New physical channel 

B. Exact method for A/N resource allocation (RA)
a. Implicit 

b. Explicit 

c. Hybrid
C. A/N resource allocation signalling and definition of A/N codebook size

a. Based on the number of DL CCs configured (RRC)
b. Based on the number of DL CCs activated (MAC)
c. Based on the maximum number of DL CCs configured 

2.
Discussion
We think that it makes sense to configure multi-A/N signalling mode (such as full FB, partial FB) in a UE-specific manner. This is due to the fact that different UEs may have different CA capabilities and also different needs in terms DL data rates and the needed number of DL component carriers. At the same time, A/N coverage varies a lot between different UEs. 
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 should be the baseline method for multi-A/N resource allocation. It will be the most cost-efficient scheme in the case with small number of UEs configured on multiple DL CCs. We also think that explicit RA is the most efficient and the only solution needed for dedicated channels supporting large A/N payload (i.e., cases A-b / A-c). This would mean that discussion on the exact A/N resource allocation method is limited to PUCCH Format 1a/1b –based schemes. 
Proposal 1:  A/N signalling mode is configured in UE-specific manner
Proposal 2:  Explicit resource allocation is the baseline RA scheme available for all channel types and the only option for large PUCCH formats (e.g. PUCCH format 2 or new physical channel(s)).

Resource allocation for PUCCH Format 1a/1b:

It was decided in RAN1 #60bis to exclude simultaneous transmission of multiple A/N channels in non-adjacent PRBs (NxPUCCH) from the set of potential options for multi-A/N feedback on PUCCH. We see no reasons to support NxPUCCH either in adjacent PRBs. It has been shown in many contributions, e.g., in  [1] that due to link performance and CM/OOB reasons simultaneous transmission of multiple A/N channels (NxPUCCH) is not a feasible A/N signalling scheme to be used in LTE-Advanced. Taking this into account usage of PUCCH format 1/1a/1b is limited to the following use cases with CA:
· Limited FB: Channel selection using PUCCH Format 1a/1b 

· Limited FB: Cross-carrier A/N bundling 
We think that full FB (one A/N for each DL CC transport block) is the baseline mode of operation whereas limited A/N transmission is considered only for power limitation. Therefore, it can be assumed that the number of power limited UEs configured to support multi-CC scheduling in DL is rather limited (i.e., only cell-edge UEs). Furthermore, the number of configured DL CCs is probably fairly small with those UEs with power limitation. Hence, it can be assumed that there is not much room for optimization with fully implicit resource allocation (compared to explicit RA). On the contrary, implicit RA would result either in excessive PUCCH overhead or scheduler restrictions and thereby negative impact in system performance for most of the cases. 
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 A/N resources as much as possible. Therefore we think that hybrid RA needs to be supported. 

· A/N corresponding to DL CCs scheduled via the PDCCH on the primary CC are reserved implicitly (similar to LTE Rel-8)

· A/N corresponding to DL CCs scheduled via the PDCCH on the secondary CCs are reserved explicitly. 

It is noted that hybrid RA can provide significant overhead reduction compared to fully explicit one especially with small number of CCs. It is a feasible option also from system complexity point of view and can be seen only as an extension of explicit RA.
Proposal 3:  Hybrid RA is supported  with channel selection and cross-carrier A/N bundling (PUCCH Format 1a/1b)
A/N resource allocation signalling and definition of A/N codebook size:

It has been agreed in RAN2 to support fast activation and de-activation of DL component carriers. Activation and de-activation will be based on MAC control signalling. It has also been proposed to size the A/N codebook based on the number of activated DL component carriers [3]. Resources for the multi-A/N PUCCH are indicated in the activation command in this proposal.

As discussed in [4], potential error cases related to HARQ acknowledgement to a MAC activation/deactivation message can introduce such a problem that there is a time period where the UE and eNB may have different understanding about the number of CCs active. The period is quite short but it may happen rather frequently. It is clear that the error case related to MAC activation/deactivation is very severe in the case A/N codebook is based on the number of active CCs. The same applies to multi-A/N resource allocation, where potential errors related to activation/de-activation may cause collisions on multi-A/N resources. Based on these aspects we are of the opinion that the number of activated CCs should not define the size of A/N codebook. The same applies to explicit RA of multi-A/N resources on PUCCH. We think that it should be me bade using RRC signalling instead of MAC signalling.

It is noted that timing uncertainty relates also to RRC-level configuration of A/N codebook size. This is a specific problem in the case of PUCCH channel selection as discussed in [5]. It has been proposed to modify the Rel-8 TDD multiplexing mapping for accommodating the possible misalignment period about the understanding of configured DL CCs between eNB and UE. We think that such modification is not needed. Instead, it is always possible to select the multiplexing mapping (i.e., parameter M) based on maximum number of DL CCs, regardless of number of DL CCs configured. This choice would avoid problems related to misalignment period completely.  The maximum number of DL CCs can be based e.g., on the UE category, i.e., how many DL CCs are supported by the UE. The size of A/N codebook can be maintained also when multiplexing A/N with UL data on PUSCH.
Timing uncertainty due to RRC-level configuration relates also to A/N FB schemes supporting large payload (i.e., PUCCH format 2 and/or block-spread DFT-S-OFDMA). However, we think handling this uncertainty could be seen as an implementation-specific eNB algorithm rather than something requiring 3GPP efforts. Therefore, the size of A/N codebook can be based on the number of configured DL CCs in these cases.
Proposal 4:   Explicit allocation for Multi-A/N resources on PUCCH is made using RRC-level signalling
Proposal  5:    A/N codebook size is based on the number of configured CCs in the cases when channel selection has not been configured
Proposal  6:    A/N codebook size is based on maximum number of DL CCs in the cases when channel selection has been configured.
3.
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 actions:
Proposal 1:  A/N signalling mode is configured in UE-specific manner
Proposal 2:  Explicit resource allocation is the baseline RA scheme available for all channel types and the only option for large PUCCH formats (e.g. PUCCH format 2 or new physical channel(s)).
Proposal 3:   Hybrid RA is supported with channel selection and cross-carrier A/N bundling
Proposal 4:   Explicit allocation for Multi-A/N resources on PUCCH is made using RRC-level signalling 
Proposal 5:   A/N codebook size is based on the number of configured CCs in the cases when channel selection has not been configured 
Proposal 6:  A/N codebook size is based on maximum number of DL CCs in the cases when channel selection has been configured.
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ANNEX
Table 1. Existing proposals for multi-A/N signalling [2]
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Simultaneous transmission of PUCCH Format 1a/1b 

resources (NxPUCCH)

ExplicitHybrid Yes ≤ 2 bits/resource

18/R

R=[2,3,4,5]

No No

Channel selection using PUCCH Format 1a/1b

Explicit/Hybrid Yes 1 bits/resource

18/R

R=[2,3,4]

Yes Yes

Enhanced channel selection 

(2x PUCCH Format 1b located on the same PRB)

Explicit Yes ≤ 4 9 Yes FFS

PUCCH Format 2 Explicit Yes ≤ 12 6 Yes Yes

Multi-sequence modulation (MSM) Explicit Yes ≤ 24  4 Yes Yes

SF=2 on top of PUCCH Format 1b -structure

Explicit No ≤ 5 12 Yes FFS

Block-spread DFT-S-OFDMA

Explicit No ≤ 24  4 Yes FFS
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