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1. Introduction

In RAN1#49, it was agreed that UL ACK/NACK assignment is implicitly associated with the control channel index used for the downlink scheduling grant.  This contribution provides several recommendations regarding this implicit mapping including accommodation for high-speed UEs. 
2. UL ACK/NACK Implicit Mapping
In the uplink, a fixed number of acknowledgements are reserved for explicit assignment to persistently scheduled UEs.  A variable number of acknowledgements are required based on possible number of CCEs used in downlink scheduling (i.e. based on the number of OFDM symbols used for control).  The actual amount of ACK/NACK resource utilized obviously depends on the number of acknowledgements that can be accommodated in one control resource.  This in turn depends on system deployment parameters such as cyclic prefix length and whether the system is FDD or TDD.  In addition, high mobility may also reduce the number of possible acknowledgements under some scenarios.  

In general, to transmit the ACK/NACK the UE must know (1) control resource which is mapped to two resource blocks, (2) frequency domain CAZAC sequence and cyclic shift value, and (3) time domain orthogonal spreading sequence and index.  Naturally, the available CAZAC sequences and time-domain orthogonal spreading sequences are known to the UE beforehand.  Thus, when a UE is given a downlink scheduling grant, the UE must figure out the control resource, cyclic shift, and time-domain spreading sequence index to use according to some rules.   Note that orthogonality between different time-domain codes is dependent on the Doppler spread, while orthogonality between different cyclic shifts is dependent on the channel spread.
In regard to implicit mapping, several recommendations may be made as follows –

· UL ACK/NACK index is implicitly mapped from the lowest CCE index:  In order to reduce the number of blind decoding by the UE, it was agreed to construct a control channel (CCH) from 1, 2, [3], 4, or 8 CCEs using a tree structure as shown in Figure 1.  To reduce the number of acknowledgements required, the ACK/NACK index should be implicitly tied to the lowest CCE index used to construct the PDCCH.  For example, from Figure 1 it is seen that CCH 14 is construct from CCE 0-3.  As a result, the implicit ACK/NACK for any UE scheduled using this CCH will be tied to CCE 0.  As a consequence, the number of uplink acknowledgements required is equal to the number of CCEs used for downlink scheduling grant.
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Figure 1.  Example of CCE to PDCCH Mapping.
· Persistently scheduled users are explicitly assigned ACK/NACK indication:  As agreed in RAN1#49, persistently scheduled users are explicitly assigned ACK/NACK indication.  This could, for example, be done via higher-layer signalling as part of the persistent assignment. Note that a separate set of ACK/NACK resource should be reserved for this purpose independently of the implicit ACK/NACK resource.  In addition, these resources should be allocated first.  
· CCE indices are mapped sequentially to control channel resource:  As noted previously, one control channel resource can support a certain number of acknowledgements (e.g. 18 for normal cyclic prefix).  As a result, multiple control resources may be required, especially since the number of OFDM symbols used for control can vary on a sub-frame basis.  As a result, CCE indices should be mapped sequentially to control channel resource so that any unused control resource can be reassigned for other purposes (see [1] for possible options).  For example, CCE 0-17 can be mapped to control resource 0 while CCE 18-35 can be mapped to control resource 1.  This way, if CCE 18-35 are not used in this sub-frame then the eNB may schedule uplink data transmission in control resource 1 in the corresponding uplink sub-frame.
· Within a control channel resource, CCE indices are mapped first by cyclic shift then by spreading sequence index:  For example, if control resource 0 can accommodate CCE 0-17, then CCE 0 is mapped to {v1, c1} where vi is the cyclic shift index and ci is the orthogonal cover, CCE 1 is mapped to {v2, c1}, and so on.  This mapping may be beneficial when high-speed UEs transmit on adjacent ACK/NACK indices so that their orthogonality is maintained.  In addition, when possible the eNB can ensure that acknowledgements from high-speed UEs do not interference with each other by appropriate selection of the CCEs used for the downlink scheduling grants.
· PDCCH assignment should follow a ranking order:  Although this is an implementation issue, in general it is beneficial to order scheduled users based on their CCE requirements.  In this case, due to the tree structure, users should be ranked from highest to lowest number of CCEs required.  This way, the maximum number of users can be scheduled with the smallest number of uplink control channel resource.  As noted earlier, reserved control channel resource may then be used for other purposes. Figure 2 shows an example of this ranking procedure.  Note that appropriate PDCCH assignment can also be used to maintain uplink ACK/NACK orthogonality for high-speed UEs.
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Figure 2.  Example of PDCCH assignment.
An example of the implicit mapping is shown in Figure 3.  In this case, 36 CCEs are available for downlink scheduling grant assignment and one control resource can support 18 acknowledgements.
3. Conclusions
This contribution describes a simple implicit mapping relationship between uplink acknowledgment and CCE.  It is proposed that the mapping should be structured in such a way that minimum amount of uplink resource is used.  This way, the eNB may schedule uplink data transmission in resources reserved for control but not used.
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Figure 3.  Example of implicit mapping between CCE and ACK/NACK index.




























































































































































































































































