
TSG-RAN WG1 #63bis
R1-110025
Dublin, Ireland, January 17-21, 2011
Source:
Ericsson, ST-Ericsson
Title:
On ACK/NACK for TDD with PUCCH format 1b and channel selection

Agenda Item:
6.2.1
Document for:
Discussion and Decision

1. Introduction

At the last RAN WG1 meeting in Jacksonville, the topic of ACK/NACK feedback for TDD with PUCCH format 1b and channel selection was discussed.  The major agreement reached in this context was

· Use time-domain bundling for mode b.

Several proposals for time domain bundling were presented, including the proposals in [1] 

 REF _Ref282282404 \r \h 
[2] 

 REF _Ref282282406 \r \h 
[3] 

 REF _Ref282282407 \r \h 
[4] and [5] .   In the present contribution, the proposals are discussed. The paper considers only Mode b, i.e. when the number of ACK/NACK bits to be indicated would be more than four so that spatial bundling with time domain bundling is used.

2. Discussion

2.1. General

With the adoption of time domain bundling, our understanding is that the number of component carriers supported is at most two.  This is consistent with the assumptions for FDD as well using PUCCH format 1b.   It is further recognized that some additional overhead is needed to cope with handling of missed assignments.

Proposal

· Mode b supports only two component carriers.
The dimensioning UL-DL configuration considered is 4DL:1UL. Considering further existence of missed assignments at the end of a bundling window, and maintaining the Rel-8 definition of the DAI, it may be noted that the number of states per carrier is at least five (5); NACK/DTX, 1ACK, 2ACKs, 3ACKs, 4ACKs, where there are currently two different interpretations of  xACK(s)

· xACKs refers to the case when a time domain bundled ACK of x subframes is generated, see for example [5] .

· xACKs refers to the case when ACKs are to be sent for the first x subframes in the bundling window as proposed in [3] .

First of all, it may be noted that with no additional bundling, there are in total 5x5 = 25 different messages that would need to be fed back.  Assuming that no additional form of bundling is employed, it may be noted that more than four (4) feedback bits are needed.

Observation

· Given strictly 4 bits feedback, some form of additional bundling is needed for the case with two component carriers and 4DL:1UL and a rel-8 definition of the DAI.
This is true for the above mentioned proposals, except for the proposal in [2]  which proposes to not include any handling of missed assignments.   This is not our preference.

The forms of bundling proposed are currently

· Mapping of multiple ACK/NACK states to the same feedback message. More specifically it is proposed in [3] 
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[5] that xACKs and yACKs are both mapped to the same state. 

· Component carrier domain bundling of the number of subframes with detected assignments, More specifically, it is proposed in [4]  to feed back the number of subframes in which at least one assignment has been detected on any of the two component carriers.
For the case when the number of subframes in which assignments have been received is fed back as proposed in [4] , it is not always possible to uniquely determine on which component carrier an assignment has been missed.  This means that a form of DTX bundling is performed.  Our preference is to have independent feedback per component carrier since the quality for the control signaling may be very different for the two different component carriers. Overlapping ACK/NACK states as in [3] and [5] are not preferable either, but a basic solution is of course to employ a downlink scheduling restriction in the sense that at most three DL subframes can be assigned per component carrier.

Observation

· Overlapping ACK/NACK states of the proposals in [3] and [5] can be avoided without changing the DAI definition of Rel-8 by not assigning more than three subframes per downlink subcarrier.
In order to limit the number of possible ACK/NACK feedback modes and to enable fall back to robust ACK/NACK bundling as of Rel-8/9 for the case that a UE is assigned resources only on the primary component carrier. It will further avoid additional efforts when considering reconfiguration between different modes.

When it comes to downlink performance, it may be noted that the ACK/NACK feedback scheme proposed in [3]  is expected to improve downlink performance as compared the proposals in [1] 
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[5]  since additional un-necessary retransmissions can be avoided.   In other words, more of the feedback is spent on useful ACK/NACK feedback rather than on error case handling.

Proposal

· Error case handling, in this case missed downlink assignments, should be considered in the design, not precluding downlink scheduling constraints.
It should be noted that PUCCH format 3 is anyway available, and hence, scheduling constraints are not necessarily critical.
2.2. Mapping tables

At the last meeting, there were proposals to agree on mapping tables for TDD and FDD.  Considering the error case handling, missed downlink assignments more specifically, we believe that this must be considered first.  Otherwise, there is a need to have two mappings, one mapping the TDD ACK/NACK feedback to FDD ACK/NACK feedback and the then the agreed mapping table for FDD, mapping ACK/NACKs to PUCCH format 1b resources and bits.  

Additionally, re-use of Rel-8/9 eNodeB implementation should be considered. For the proposal in [4] we note that two assistant bits are to be fed back, representing the number of subframes in which DL assignments have been detected. However, since the eNodeB has prior knowledge about the number of subframes with assignments, it may be noted that a Rel-8/9 eNodeB receiver, applicable for both FDD and TDD ACK/NACK bundling, may be re-used given that the assistant bits determine the PUCCH format 1b resource used. This since the receiver then only needs to listen to a single PUCCH format 1b resource corresponding to the number of assigned subframes and perform ordinary DTX detection. 

Proposal

· Agree on the ACK/NACK scheme and error case handling for TDD before agreeing on the ACK/NACK mapping table.

· Consider re-use of Rel-8/9 FDD and TDD receivers in the design.
It should be noted that these proposals are not necessarily contradicting that the signal constellation points of the existing tables can be re-used.  Nor does it prevent that two tables are used internally in an implementation.

3. Conclusion
In the contribution, mode b for ACK/NACK feedback for TDD with PUCCH format 1b with channel selection was discussed.  The following proposals were made

· Mode b supports only two component carriers.
· Error case handling, in this case missed downlink assignments, should be considered in the design, not precluding downlink scheduling constraints.
· Agree on the ACK/NACK scheme and error case handling for TDD before agreeing on the ACK/NACK mapping table

· Consider re-use of Rel-8/9 FDD and TDD receivers in the design.
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