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1
Introduction

This contribution deals with cross-carrier A/N bundling for the power limited case. In this paper we focus on FDD mode only. This is a resubmission of R1-102942.
It was agreed in RAN1 #60bis that: “For FDD, cross-carrier A/N bundling is not supported for the non-power-limited case”. In this contribution we compare two cross-carrier A/N bundling schemes on top of FDD CA:

· Option 1: A/N bundling based on DAI bits included in RA grants (Rel-8/9 TDD)

· Option 2: A/N bundling without DAI bits
The reference case for cross-carrier A/N bundling is A/N multiplexing. The main questions are:
· What is the gain of A/N bundling over A/N multiplexing?
· Is there a need to introduce cross-carrier A/N bundling for power limited UEs in LTE-Advanced FDD?
2.
Cross-carrier A/N bundling
As said there are two cross-carrier A/N bundling schemes on applicable to FDD CA. In this section we summarize the main principles related to these techniques.
A/N bundling based on DAI bits (Rel-8/9 TDD solution):

A/N bundling in which the A/N feedback (FB) corresponding to multiple DL sub-frames (PDCCH) is compressed into a single A/N FB transmitted via a single PUCCH Format 1a/1b resource: 
· A/N bundling across multiple codewords within a DL sub-frame is performed by a logical AND operation of all the corresponding individual A/Ns.
· UE transmits bundled A/N using the PUCCH Format 1a/1b resource corresponding to last correctly received PDCCH.
· If the UE detects that at least one downlink assignment has been missed, the UE shall not transmit ACK/NACK (PUCCH).
This kind of scheme would be applicable also in Rel-10 FDD using CA. Inclusion of the DAI bits in LTE-Advanced would simplify the design of A/N bundling since the principles could be directly borrowed from Rel-8 TDD. However, the problem of this approach is that it will introduce additional bits in DL resource allocation grant which can be seen as unnecessary DL overhead.
A/N bundling based w/o DAI bits:

As discussed in many contributions it is possible to support A/N bundling also without DAI bits. In this method information on the number of received DL grants needs to be included in the bundled A/N FB message. This can be made as follows: 

· A/N bundling across multiple codewords within a DL sub-frame is performed by a logical AND operation of all the corresponding individual A/Ns (including bundling over spatial CWs).
· UE transmits bundled A/N using the PUCCH Format 1b resource corresponding to last correctly received PDCCH.

· A/N is transmitted using PUCCH using mapping shown in Table 1. The mapping is the same as used in Rel-8 TDD ACK/NACK multiplexing mode when both ACK/NACK and positive SR (or CQI) are transmitted in the same sub-frame [TS 36.213, Table 7.3-1]. 
Table 1: Mapping between multiple ACK/NACK responses and 
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	0 or None (UE detect at least one DL assignment is missed)
	0, 0

	1
	1, 1

	2
	1, 0

	3
	0, 1

	4
	1, 1
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	1, 0


3.
Performance gain of cross-carrier bundling

This section investigates the performance of cross-carrier A/N bundling compared to A/N multiplexing. Performance evaluation assumes that there are four DL CCs configured. Link performance of the following schemes is being compared:

· A/N multiplexing, 4 CCs  (“Format 1b with channel selection”)
· A/N bundling w/o DAI bits  (“Format 1b”)
· A/N bundling w/ DAI bits   (“Format 1a”)
Results show that cross-carrier A/N bundling without DAI bits provides 0.6 dB gain against A/N multiplexing (ACK Miss Detection @ 1%). At the same time cross-carrier A/N bundling w/ DAI bits provides 1.0 dB gain against A/N multiplexing. 
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Figure 1. Performance comparison of A/N multiplexing (Format 1b with channel selection), cross-carrier A/N bundling w/o DAI bits (Format 1b) and cross-carrier A/N bundling w/ DAI bits (Format 1a).

4.
Discussion on the need for A/N bundling for power-limited UEs
In this section we discuss the need for cross-carrier A/N bundling for power limited UEs. It should be noted that performance gain discussed in the previous section is not the only factor. 
· A/N coverage: Cross-carrier A/N bundling can improves the link budget for A/N FB (compared to A/N multiplexing)
· Link budget of A/N bundling equals to that of single-CC, single CW in the case w/ DAI bits

· Link budget equals to that of single-CC, dual-CW case in the case w/o DAI bits. We note that cross-carrier A/N bundling does not cause any performance degradation (in UL/DL) compared to single-CC case in the case when the UE configured to A/N bundling mode has been scheduled to single DL CC only.
· DL overhead: A/N bundling w/o DAI bits is the preferred scheme from DL overhead point of view.
· A/N bundling is needed in any case in order to support multiplexing combinations supported already in Rel-8/9. The same A/N bundling solution is applicable to all cases
· Cross-carrier A/N bundling

· Concurrent transmission of bundled A/N and positive SR

· Concurrent transmission of bundled A/N and CQI

It is noted that transmission of multi-A/N is not straightforward the case when multiplexed with positive SR or CQI. These combinations would basically require dedicated multiplexing option. 
Based on these aspects, we think that cross-carrier A/N bundling is needed in LTE-Advanced FDD mode. However, taking into account that limited A/N transmission is considered only for power limitation we think that bundling performance should not be optimized at the expense of DL overhead. Therefore, we propose to apply A/N bundling w/o DAI bits. It should be noted that the same cross-carrier A/N bundling scheme can be used when signalling A/N on the PUSCH.
It should also be noted that DAI-less A/N bundling is not feasible in the case of PUCCH format supporting large payload (i.e., Format 2 or block-spread DFT-S-OFDMA). The reason for this is that the gain of bundling will be very limited. Hence we propose to limit cross-carrier A/N bundling only for PUCCH format 1a/1b based schemes.
5.
Summary & Way Forward
In this contribution we have discussed on the need for cross-carrier ACK/NACK bundling for the power limited UEs. Based on the performance results and discussion we propose the following actions:
Proposal 1:  Support cross-carrier A/N bundling for power-limited UEs
Proposal 2:  Support cross-carrier A/N bundling w/o DAI bits
Proposal 3:  Cross-carrier A/N bundling is applied when multiplexing multi-A/N with CQI or SR
Proposal 4:  Cross-carrier A/N bundling is applied only for PUCCH format 1a/1b based schemes
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