
3GPP TSG RAN WG1 Meeting #60bis
R1-102019
Beijing, China, 12th – 16th April, 2010

Source:
Panasonic
Title:
Email discussion summary [60-04-LTE-A]: A/N transmission on PUCCH
Agenda Item:
6.2.4.1 Method(s) for A/N multiplexing

Document for:
Discussion and Decision

1. Introduction

Followings were captured in the chairman’s note of RAN1#60 meeting.

Agreements:

· Simultaneous A/N on PUCCH transmission from 1 UE on multiple UL CCs is not supported 

· A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N 

· Note that this agreement is unrelated to which DL CCs may carry PDCCH for a UE. 

· Method for assigning PUCCH resource(s) for a UE on the above single UL carrier in case of carrier aggregation

· Implicit / Explicit / Hybrid: FFS
· Note that for a CA-capable UE that is configured for single UL/DL carrier-pair operation, single-antenna PUCCH resource assignment shall be done as per Rel-8.

Continue discussion:

· Method(s) for A/N multiplexing

· How many simultaneous PUCCH signals?

· PUCCH format 1b with SF reduction to 2 or 1

· Channel selection, e.g. with:

· extended to support 5 CCs

· used in conjunction with another scheme for the 5th CC

· with spatial bundling for dual codeword case

· PUCCH format 2 

· New PUCCH signal/format (e.g. DFT-S-OFDM based) 

· A/N bundling within / across CCs

· Also consider TDD

This document is aimed for further discussions on A/N transmission schemes. This document summarizes the views expressed by 20 companies via email discussions on A/N transmission on PUCCH [60-04-LTE-A], and proposes next steps based on these discussions.

2. Method(s) for A/N multiplexing
Regarding Method(s) for A/N multiplexing, following questions are sent to the reflector.
2.1. How many simultaneous PUCCH signals?
Some papers in RAN1#60 discuss the simultaneous transmission of PUCCH signals. Companies are invited to provide their views on following questions.
Q1-1: Is simultaneous transmission of multiple PUCCH signals within the same UL CC supported or not?

Q1-2: If supported, how many PUCCH signals can be transmitted simultaneously from one UE at maximum?

Following table summarizes views of 20 companies on these questions.

	How many Simultaneous PUCCH signals?

	
	Q1-1 : supported or not?
	Q1-2 : If supported, how many?

	Panasonic
	FFS
Can be considered with channel selection
	FFS

	NNSN
	No – for multiple PRB transmission
FFS – for single PRB transmission
	FFS on the number of PUCCH within PRB

	Ericsson/

ST-Ericsson
	No
Concerning CM, out-of-band emissions
	Single PUCCH signal per UE

	InterDigital
	No
Concerning IMD
	Single (same as rel-8)

	Huawei
	FFS
	FFS

	ETRI
	Negative to support
	Number should be limited

	MOT
	No
	

	Samsung
	Support
Note : multi-cluster transmission (PUxCH+PUxCH) is anyway supported
	two

	Sharp
	Support
e.g., simultaneous use of multiple PUCCH resource for single PUCCH signal
	two

	HTC
	Negative to support
	Single

	MediaTek
	No
see RAN4 discussion
	Single

	CATT
	Low priority
	two

	ZTE
	No
	Single

	Qualcomm
	Support
as simple extension of rel-8
	FFS

	Fujitsu
	No
	single

	DOCOMO
	No – for multiple PRB transmission

FFS – for single PRB transmission
	

	Texas Instruments
	Prefer single carrier
	two may be considered after further study

	LGE
	No – for multiple PRB transmission

FFS – for single PRB transmission
	two

	NEC
	No

Concerning CM and IMD
	

	ALU
	Support

RA may be restricted to adjacent PRBs
	two


Observations:
Q1-1: Is simultaneous transmission of multiple PUCCH signals within the same UL CC supported or not?

4 companies support simultaneous PUCCH transmission, 9 companies do not support it, and 3 companies conditionally object it if simultaneous PUCCH transmission means multiple PRB transmission.

Rapporteur observes that major concerns raised by negative companies are CM/IMD issues and these relate to mainly multiple PRB transmission. Hence, Rapporteur thinks it is worthwhile to explicitly discuss whether simultaneous PUCCH transmission within a single PRB is acceptable or not.
Q1-2: If supported, how many PUCCH signals can be transmitted simultaneously from one UE at maximum?

6 companies propose two PUCCH signals as maximum and 4 companies express FFS.

Proposal:
· Transmission of PUCCH signal(s) from a single UE within a single PRB is the baseline.
· Discuss further on whether to allow simultaneous transmission of multiple PUCCH signals from one UE focusing on single PRB transmission.
2.2. Method(s) for A/N multiplexing
During the meeting, we had good discussions on methods for A/N multiplexing. As a result of the discussions, following A/N multiplexing schemes are considered as options for further studies. Companies are invited to give their views on each scheme shown below.

It should be noted that, for better mutual understandings, further clarifications on following pointes are highly appreciated.

· Supported/not supported?
· If supported, how many Ack/Nack bits are transmitted by the scheme?
· If supported, is the scheme works with or without additional supplement schemes for accommodating more DL TBs? (e.g., multi-sequence transmission using the same PRB, NxPUCCH transmission, spatial/timeframe/CC pre-bundling)
· If supported, is the resource indicated by implicitly or explicitly for the PUCCH resource(s)?

Q2-1: PUCCH format 1b with SF reduction to 2 or 1

Q2-2: Channel selection using PUCCH format 1a/1b

Q2-3: PUCCH format 2

Q2-4: New PUCCH signal/format (e.g. DFT-S-OFDM based)
Following table summarizes views of 20 companies on these questions.
	Method(s) for A/N multiplexing

	
	Q2-1 : SF reduction
	Q2-2 : Channel selection
	Q2-3 : PUCCH format 2
	Q2-4 : New format

	Panasonic
	Not needed

Coexistence issue
	Support

can be extended for 5CC
	Support either format 2 or New format 

	NNSN
	No – for SF=1

FFS – for SF=2
	Support
for limited # of CCs
	Support for FDD
MSM is also considered
	Support
New format or MSM

	Ericsson/

ST-Ericsson
	No
	No
Not reliable for the full range feedback
	Not preferred
Concern on performance
	Support
as full range of CA A/N

	InterDigital
	FFS – for SF=2
	Not preferred
	Support

FFS : format 2 or new format

	Huawei
	FFS – for SF=1

No – for SF=2
	Support

spatial bundling could be considered for SDM
	FFS

One joint coding based option should be supported (e.g., SF=1, format 2, New format)

	ETRI
	Not preferred
	Support
Slot / sequence-level selection is considered
	Not preferred
Concern on performance
	Support

	MOT
	No
	Support

for <= 4 bit A/N
	Support
	FFS

prefer not to introduce a new format

	Samsung
	No – for SF=1

Support – for SF=2
	Support

with SF=2 or MSM
	Not preferred
	No – for FDD

FFS – for TDD

	Sharp
	Not preferred
	Support

for <= 4 bit A/N
	Support

with modification
	Support

	HTC
	FFS – for SF=2
	Support

extension could be considered
	Support

for joint coding scheme
	No

prefer not to introduce a new format

	MediaTek
	No
	No

concern on 5 CCs case
	FFS
	FFS

	CATT
	No
	Can be considered

with spatial bundling, extension to 5 bits A/N
	Can be considered

for medium A/N feedback payloads
	Shall be considered

	ZTE
	No
	Support

for 5 CCs, extension for 5 bits or pre-bundling
	Support

pre-bundling is also considered
	FFS

Do not see the need for supporting such large payload for A/N

	Qualcomm
	Support
	No need – for FDD

prefer SF reduction

Considered with SF reduction – for TDD
	SF reduction is preferable
	No

	Fujitsu
	No – for SF=1

Support – for SF=2
	Support
	Not preferred
	No

Concern on the specification impacts

	DOCOMO
	No
	Support

as limited A/N scheme
	Support either format 2 or New format

	Texas Instruments
	No – for SF=1

Can be considered – for SF=2

with channel selection
	Support

for 2-3 DL CCs
	No
	FFS

especially for TDD

	LGE
	No
	Support

may be with pre-bundling across CCs
	FFS
	Support

	NEC
	No
	Support

for <= 4 bit A/N
	FFS
	FFS

	ALU
	No
	Support

with NxPUCCH
	No
	No


Observations:
Q2-1: PUCCH format 1b with SF reduction to 2 or 1

For SF=1, 18 companies are negative, one company is supportive, and one company expresses FFS.

For SF=2, 13 companies are negative, 3 companies are supportive, and 4 companies express FFS. 
Q2-2: Channel selection using PUCCH format 1a/1b

15 companies support channel selection. 3 companies do not support it for TDD, and 4 companies do not support it for FDD.

Q2-3: PUCCH format 2

8 companies support it, 6 companies are negative to it, and 4 companies express FFS.

Q2-4: New PUCCH signal/format (e.g. DFT-S-OFDM based)

9 companies support new PUCCH format. 4 companies do not support it for TDD, and 5 companies do not support it for FDD. Other companies express FFS.

10 companies expressed the necessity of multiple A/N transmission schemes depending on the A/N payload size. On the other hand, one company expressed that only one additional A/N transmission scheme (compared to release 8) should be supported. 

Rapporteur observes, among above A/N multiplexing schemes, a large number of companies are negative to PUCCH format 1b with SF reduction especially for SF=1. Rapporteur suggests to agree not to have SF=1. On the other hand, 3 companies are supportive and 4 companies expressed FFS on SF=2 as a supplemental scheme for other A/N multiplexing scheme(s). The supplemental use of SF=2 is highly related to discussion on other A/N transmission schemes. Hence, rapporteur suggests to continue discussion on SF=2.

Regarding the number of supported A/N multiplexing schemes in release 10, rapporteur suggests to discuss whether RAN1 can conclude to support multiple A/N transmission schemes depending on A/N payload size.

Rapporteur also suggests to discuss further during this meeting, in order to have a common understanding of pros and cons of each A/N multiplexing scheme.
Proposal:
· PUCCH format 1b with SF=1 is not supported.

· Discuss whether to support multiple A/N transmission schemes depending on A/N payload size.

· Discuss further on the pros and cons of each A/N multiplexing scheme during the meeting, in order to have common understandings of each scheme.
2.3. (Full) A/N bundling
During the meeting, there was a question whether (full) A/N bundling across CCs should be supported or not.

Q3. Is (full) A/N bundling scheme across CCs supported or not? (in addition to the bundling schemes that are already supported in release 8, i.e., timeframe/spatial bundling)

Following table summarizes views of 20 companies on this question.

	(Full) A/N bundling

	
	Q3 : If full A/N bundling across CCs supported or not?

	Panasonic
	Support
DL carrier aggregation is useful for UL cell edge UEs

	NNSN
	FFS
performance gain over A/N multiplexing is questionable

	Ericsson/ST-Ericsson
	

	InterDigital
	For FDD, at lease the support for spatial A/N bundling should clearly be considered

	Huawei
	Support
for power limited UE

	ETRI
	FFS

	MOT
	FFS
Not clear if DL CA is necessary for cell edge UEs

	Samsung
	FFS

	Sharp
	Support improvements to A/N bundling that do not require full A/N bundling

	HTC
	FFS

	MediaTek
	Support for limited scenarios

Concern on non-contiguous scenarios

	CATT
	Support

	ZTE
	Support

	Qualcomm
	Partial (pre-) bundling within limited CCs is considerable

	Fujitsu
	FFS

	DOCOMO
	FFS

	Texas Instruments
	FFS

	LGE
	FFS
CC bundling is preferable while spatial bundling is FFS

	NEC
	FFS

	ALU
	Not needed for normal cases. FFS for exceptional cases.


Observations:
Q3. Is (full) A/N bundling scheme across CCs supported or not? (in addition to the bundling schemes that are already supported in release 8, i.e., timeframe/spatial bundling)

5 companies support full ACK/NACK bundling across CCs. 10 companies express FFS.
Rapporteur thinks it is premature to agree on the scheme since a number of companies expressed FFS. In addition, it would be better to focus on the discussion shown in section 2.2 at this meeting. Hence, rapporteur proposes to discuss this further via email towards RAN1#61.

Proposal:
· Do not spend time on this topic at this meeting.

· Discuss full ACK/NACK bundling across CCs further via email towards RAN1#61.
Annex

There are quite a lot of comments which could not be captured in the above discussions. Following table shows each company’s comments which are not reflected in the previous sections.
	A/N multiplexing general view (including resource indication)

	
	Company’s view on A/N multiplexing

	Panasonic
	

	NNSN
	Regarding implicit vs. explicit resource allocation we see the explicit/hybrid RA as the baseline solution. Pure implicit RA would not suit well the generic case due to excessive overhead, and would be a rather redundant optimization (explicit RA needs to be supported in any case). Only in the case when the UE is scheduled via only the primary component carrier the implicit RA (similar to LTE Rel-8) has clear merits over explicit RA - hence the preferred RA scheme can be characterized as hybrid.

	Ericsson/ST-Ericsson
	

	InterDigital
	We recommend to base the R10 PUCCH design on the assumption that at least spatial bundling is employed for TB’s received on one DL CC. This would correspondingly reduce the total number of bits required to represent all AN states in an exhaustive representation down from 11-12 bits theoretical worst case to some 7-8 bits practical worst case (5 DL CC’s). Furthermore, the case of N=3 and/or N=4 bits representing AN states should be given special attention in terms of system design, given that it appears very important here to ensure a link budget and UL coverage comparable to R8 for the case of 2 or 3 activated DL CC’s. Accordingly, we recommend to consider PUCCH design separately in terms of one R10 AN format to cater for the practical worst case, as opposed to another R10 AN format addressing the CA use cases of immediate relevance (2 or 3 DL CC’s). Assignment of PUCCH resources corresponding to DL transmissions on the Primary cell should be done as by R8 rules. Given that the Fast Activation mechanism ensures reliability in terms of knowledge on the network side with respect to the number of DL CC’s a given UE is monitoring, we should consider the use of semi-statically assigned PUCCH resources for these cases. This would provide opportunities to improve link performance and allow to deal with missed DL assignments by the UE in a not too prohibitive manner.

	Huawei
	In our understanding, the following candidates for A/N multiplexing can be roughly classified into two categories: the joint coding based scheme and the channel selection based scheme. It is natural to classify PUCCH format 2 and new PUCCH format into the joint coding based scheme. For PUCCH format 1b with SF reduction to 2 or 1, 4 or 8 QPSK symbols can be transmitted if different QPSK symbols on two slots are allowed. A/N bits can be jointly encoded to fit for the number of QPSK symbols before transmitting. So in some extent PUCCH format 1b with SF reduction to 2 or 1 can also be classified into the joint coding based scheme.

	ETRI
	

	MOT
	

	Samsung
	PUCCH overhead on the UL PCC is a critical issue. Although the UL PCC is UE-specific, it may often be UE-common in practice (e.g. for non-contiguous CCs, the UL PCC is likely the one with lower carrier frequency – smallest path-loss, best link stability).
For this reason, and considering that UEs scheduled with CA per sub-frame are few, the respective HARQ-ACK overhead increase should be none/minimal compared to Rel-8 operation.

We prefer a resource allocation that mostly utilizes existing, CCE-derived, resources. We do not prefer semi-static resource assignment.

	Sharp
	Up to 5 CCs of A/N and/or DTX decisions may be conveyed. This may be less than or equal to 12 bits, depending on benefits of more efficient compression schemes. 

Additional supplemental schemes should be considered.

We also believe improvements to A/N bundling should be considered to provide a better overhead tradeoff than A/N bundling.

We also believe the PUSCH should also be used accommodate A/N for more DL TBs. 

Either explicit or implicit indication should take into account the possibility of scheduling issues for backwards compatible carriers.

	HTC
	Regarding resource indication method, we have same view as NNSN.

	MediaTek
	

	CATT
	For ACK/NAK resource assignment, each UL carrier shall reserve dynamic ACK/NAK resources for the system-specifically linked DL carrier, in a Rel-8 compatible way. ACK/NAK resources for UEs configured with carrier aggregation can be assigned by RRC, MAC CE, or PDCCH. Our current preference is to use PDCCH to assign the ACK/NAK resource(s) for UEs configured with carrier aggregation.

	ZTE
	Spatial/timeframe/CC pre-bundling should be considered at least for TDD to limit the number of AN feedback bits. With regard to AN resource allocation, same view as NNSN.

	Qualcomm
	The transmission of ACK/NAKs on the UL CC should support up to 5 DL CCs. The worst case corresponds to the 5 CCs all in MIMO transmission mode. The design should be in such a way that the same Rel-8 design philosophy is kept as much as possible. In particular, within a subframe but over multiple CCs (FDD systems), the complete HARQ feedback (possibly in conjunction with bundling) should be conveyed; over different subframes (TDD systems), TDD channel selection mechanism is applied. As to resource assignment, we also prefer the same Rel-8 mechanism, i.e., implicit ACK/NAK resource derivation based on PDCCH starting CCE(s).  A common CCE numbering scheme across all DL carriers can be applied for that purpose.

	Fujitsu
	

	DOCOMO
	

	Texas Instruments
	In addition to the earlier agreement not to optimize for large number of UEs we should also not optimize for 5 DL CCs. Schemes that reuse as much of Rel-8 design as possible (resource allocation, transmission format) are preferred.

	LGE
	

	NEC
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