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1
Introduction

Many details related to PUCCH A/N have been agreed in previous RAN WG 1 meetings. This contribution deals with remaining open issues on FDD mode covering and both Format 3 and Channel Selection.
· Resource allocation details
· Need for ARI with channel selection

· RA for the 2nd A/N resource in the case of dual-CW and channel selection

· Format 3 resource indexing
· ARI details

· PUCCH Multiplexing combinations
This paper summarizes our proposals related to open questions. 
2.
Resource allocation details – Channel selection
It was decided in RAN#62bis that for PUCCH Format 3:

· TPC field in the PDCCH corresponding to PDSCH on Pcell is used as TPC command, TPC field (2 bits) in the PDCCH corresponding to PDSCH on Scell is used as ARI.

· If no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, Rel-8 PUCCH 1a/1b resource is used.
Support for ARI for channel selection case was left open in RAN#62. We think that it makes sense to support ARI also with PUCCH channel selection. The reason behind this argument is that ARI allows minimizing the PUCCH resource consumption in the case of explicit resource allocation (i.e when PDSCH relates to SCell with non cross-carrier scheduling or cross-carrier scheduling from SCell). Furthermore, it maximizes the functional similarity between channel selection and PUCCH Format 3.

Proposal :  Support ARI with channel selection.

Proposal: TPC field in the PDCCH with implicitly allocated PUCCH Format 1a/1b resource is used as TPC command.

Proposal: TPC field in the PDCCH received on SCell is used as ARI.

It has been proposed to support fully implicit resource allocation also for the 2nd A/N resource in the case of dual-CW transmission on PDSCH. The most straightforward application would be to derive the 2nd A/N resource from (n_CCE+1) similarly as in the case of SORTD. It is noted that this approach results in the smallest overhead in the case when the PDCCH consists of at least two CCEs.

There are some limitations in this approach:

· Scheduler restrictions is in the case when the number of CCEs equals to 1

· Compatibility with SORTD.

Therefore it seems that explicit resource allocation for the 2nd A/N resource would be needed as well. It is also noted that if ARI is supported with channel selection then higher layer configured PUCCH Format 1b resource corresponding to the 2nd A/N resource is not that expensive (resource sharing between multiple UEs configured can be supported). 

Based on these aspects it seems that both implicit and explicit resource allocation schemes need to be supported in the case of channel selection, dual-CW transmission on PDSCH and cross-CC scheduling from PCell.

Proposal:  Support both implicit and explicit resource allocation for the 2nd A/N resource of dual-CW transmission.

3.
Format 3 resource indexing

It has been proposed in many contributions that PUCCH Format 3 resource is defined based on semi-statically configured starting resource block, 
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, respectively [1, 2, 3]. All the remaining parameters such as physical resource block, orthogonal cover code and the RS assignment can be derived from these two semi-statically configured parameters. 

There are at least three strategies to allocate PUCCH Format 3 resource in the frequency domain as shown in Figure 1.
· Option 1: PUCCH region reserved for PUCCH format 2
· Option 2: PUCCH region reserved for static PUCCH Format 1/1a/1b

· Option 3: PUSCH region

We think that the most natural choice for the PUCCH Format 3 resource is according to Option 1. However, we think that the actual choice can be seen as an implementation issue. The specification should support various implementation choices which would mean that (1) the dynamic range for  
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Proposal:  Support various implementation choices for placement of PUCCH Format 3 in the frequency domain.
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Figure 1. Frequency position of PUCCH Format 3.
The multiplexing capacity of PUCCH Format 3 depends on the presence of SRS. However, in order to minimize the collisions with other UL signals, it is preferable to keep the number of PRBs allocated to PUCCH Format 3 as small (&static) as possible. Therefore, it makes sense to define the PRB number according to the OCC length the first slot of the sub-frame (
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As proposed in many papers, OCC can be derived based on PUCCH Format 3 resource index,  
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and the OCC length of the second slot of the sub-frame (
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eNB needs to take care that there that collision between two resources on the same PRB is properly avoided.  It is noted that ARI should be designed in such a way that it can maximally capitalize those OCC resources which are available only during sub-frames with the absence of SRS.

With regard of CS allocation for PUCCH Format 3, we think that there should be one-to-one mapping between 
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 and allocated DM RS cyclic shift resources. It is noted that reference signals (RS) blocks follow automatically Rel-8/9 cyclic shift hopping. Hence, we don’t see any need for further CS randomization between two slots.
Proposal:  Support various implementation choices for placement of PUCCH Format 3 in the frequency domain
Proposal:  Define PRB resource for PUCCH Format 3  in the following way: 
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Proposal:  Define OCC resource for PUCCH Format 3 in the following way: 
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Proposal:  Apply-to-one mapping between 
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 and allocated DM RS cyclic shift resource.
4.
ARI details

There are two basic options available to define ARI:
· Option 1: ARI is an offset to the semi-statically configured PUCCH Format 3 resource

· Option 2: ARI is used as a switch between multiple semi-statically configured PUCCH Format 3 resources.

We think that Option 2 should be selected as way forward in LTE Advanced as it has some obvious benefits compared to Option 1:

· Option 2 has more degrees of freedom in RA since the resources don’t need to be consecutive.
· Option 2 can maximally capitalize PUCCH Format 3 resources which are available only during sub-frames with the absence of SRS

· Option 2 has better capability to keep the number of PUCCH Format 3 PRBs unchanged.
A disadvantage of Option 2 compared to Option 1 is slightly increased signalling overhead. However, we think that this is not a problem since we are dealing with higher layer signalling only.
Proposal:  ARI is used as a switch between multiple semi-statically configured PUCCH Format 3 resources.
5.
Multiplexing combinations with channel selection
It was decided in RAN1#62 that neither DAI nor carrier domain bundling is supported in FDD CA. However, it was not yet agreed whether this decision is applicable to channel selection with simultaneous SR or CQI.

LTE Rel-8/9 supports multiple multiplexing options between A/N, CQI and SR. We think that it would be preferable to support at least the same multiplexing options in LTE-Advanced with carrier aggregation and also the case of channel selection. This approach would avoid unnecessary scheduling restrictions and allow for maintaining uplink delay performance in all cases. 

We propose to support cross-carrier ACK/NACK bundling (w/o DAI bits) with simultaneous SR or CQI in the case of channel selection. The multiplexing scheme is based on Rel-8 TDD solution. In this approach, information on the number of received DL grants is included in the bundled A/N FB message according to Table 7.3-1 of TS 36.213:

· For a positive SR, the UE shall transmit 
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 on its assigned SR PUCCH resource using PUCCH format 1b according to section 5.4.1 in [2]. The value of 
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 are generated according to Table 7.3-1 from the ACK/NACK responses by spatial ACK/NAK bundling across multiple codewords within each PDSCH transmission.
· When both ACK/NACK and CQI/PMI or RI are configured to be transmitted in the same sub-frame on PUCCH, a UE shall transmit CQI and 
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 using PUCCH format 2b for normal CP or PUCCH format 2 for extended CP, according to section 5.2.3.4 in [3] with 
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 are generated according to Table 7.3-1 from the ACK/NACK responses by spatial ACK/NACK bundling across multiple codewords within each PDSCH transmission.
Table 7.3-1: Mapping between multiple ACK/NACK responses and 
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	Number of ACK among multiple ACK/NACK responses
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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

	5
	1, 0

	6
	0, 1

	7
	1, 1

	8
	1, 0

	9
	0, 1


It is noted that transmission of multi-A/N is not straightforward the case when multiplexed with positive SR or CQI. Defining dedicated multiplexing option for the cases of SR or CQI is problematic especially with channel selection due to limited payload on the given PUCCH Format 1b resources. Hence, we think that cross-carrier ACK/NACK bundling (w/o DAI bits) is the most straightforward approach to multiplex A/N with positive SR or CQI with channel selection.

Proposal:  Support carrier-domain A/N bundling for channel selection in the case with simultaneous SR or CQI.
6.
Multiplexing combinations with PUCCH Format 3

It was decided in RAN1 #62bis that in the case when SR+ACK/NACK is transmitted using PUCCH format 3, positive/negative SR is indicated in an SR occasion by appending an extra information bit at the end of ACK/NACK information bits. This means that the biggest open issue related to multiplexing combinations with Format 3 relates to combination CQI+multi-A/N (w/ or w/o SRI). It is noted that there are three main options available for this case:
· Option 1: Cross-carrier ACK/NACK bundling according to Rel-8 TDD (using PUCCH Format 2a/2b)
· Option 2: Joint coding of CQI and PUCCH Format 3 
· Option 3: Dropping CSI

We think that proper configurability and maximal reuse of existing signaling should be supported in any case. Hence, an option with dropping CSI when colliding with (multi-)A/N should be supported similarly as in Rel-8. On the other hand, it would be preferable to support CQI+multi-A/N multiplexing as well. It is noted that Option 2 involves some problems and additional complexity in standardization:

· Performance is a question mark e.g., with joint coding of CQI and PUCCH Format 3. An outcome of this is that coverage area of multi-A/N containing CQI may be significantly reduced compared to the case without CQI.

· DL grant failure may cause higher layer error, which cannot be solved w/o additional signalling
· The existing coding schemes cannot support all the multiplexing combinations (FDD). 

Based on this discussion, we think that solution based on cross-carrier A/N bundling would be the simplest way to support all the multiplexing options between multi-A/N, CQI and SR [2]. This would also mean that all the multiplexing options supported in Rel-8/9 would be available also in LTE-A. Furthermore, it is noted that the same scheme is applicable regardless of the format of multi-A/N (i.e,. channel selection, Format 3) or  UCI multiplexing configuration (i.e.,. simultaneous transmission of PUCCH +PUSCH and TDM multiplexing) [4].
Proposal:  Cross-carrier A/N bundling is applied when multiplexing multi-A/N with PUCCH Format 3 and CQI.
7.
Summary & Way Forward
In this contribution we have discussed remaining open issues related to multi-A/N signalling. Based on discussion we make the following proposals:
Proposal 1:  Support ARI with channel selection.

Proposal 2: TPC field in the PDCCH with implicitly allocated PUCCH Format 1a/1b resource is used as TPC command.

Proposal 3:  TPC field in the PDCCH received on SCell is used as ARI.
Proposal 4:  Support various implementation choices for placement of PUCCH Format 3 in the frequency domain
Proposal 5:  Define PRB resource for PUCCH Format 3  in the following way: 
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Proposal 6:  Define OCC resource for PUCCH Format 3 in the following way: 
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Proposal 7:  Apply-to-one mapping between 
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 and allocated DM RS cyclic shift resource.
Proposal 8:  ARI is used as a switch between multiple semi-statically configured PUCCH Format 3 resources.
Proposal 9:  Support carrier-domain A/N bundling for channel selection in the case with simultaneous SR or CQI.
Proposal 10:  Cross-carrier A/N bundling is applied when multiplexing multi-A/N with PUCCH Format 3 and CQI.
References

[1] R1-105364, “Resource indexing for PUCCH format 3”, Samsung
[2] R1-105313,
“PUCCH format 3 resource selection”, 
Ericsson, ST-Ericsson
[3] R1-105152, “Remaining Details on PUCCH Format 3 in Rel-10”,
CATT’
[4] R1-106197, “UCI details for simultaneous PUCCH and PUSCH transmission”, Nokia Siemens Networks, Nokia






_1350365955.unknown

_1350378289.unknown

_1350378461.unknown

_1350366912.unknown

_1350366921.unknown

_1346424223.unknown

_1347773510.unknown

_1350365948.unknown

_1281463651.unknown

_1342963614.unknown

_1263935818.unknown

