3GPP TSG RAN WG1 Meeting #50                                                                  R1-073561
Athens, 20-24 August, 2007
Agenda Item:     7.2.3
Source:               Samsung

Title:                   LTE downlink ACK channel mapping linked to CCE
Document for:   Discussion / Decision

1. Introduction
In previous meetings, it has been agreed to link uplink ACK channel assignment to CCEs used for downlink grants. In this contribution, we propose to link downlink ACK channels to CCEs so that the downlink ACK channels can be implicitly assigned from the UL grants. Several schemes are proposed that provide different tradeoffs of complexity and efficiency.
2. CCE to DL ACK channel mapping
In this section, two options are discussed to link CCEs to DL ACK channels. One option is to have separate CCEs for downlink and uplink grants. CCEs used for downlink grant are linked to uplink ACK channels while CCEs used for uplink grant are linked to downlink ACK channels. The other option is to have all CCEs linked to both downlink and uplink ACK channels.
2.1 Option 1 
As the most straightforward design, we can map some CCEs to DL ACK, and some CCEs to UL ACK. As shown in Figure 1, CCE 0, 1, and 2 are mapped to DL ACK 0, 1, and 2, respectively; CCE 3, 4, and 5 are mapped to UL ACK 0, 1, and 2. If CCE 0 is used to deliver an UL grant to a UE, the UE will expect to receive an acknowledgement from the eNB using DL ACK 0 after the UE transmits according to the UL grant. Similarly if CCE 4 is used to deliver a DL grant to a UE, the UE will transmit an acknowledgement to the eNB using UL ACK 1 after the UE receives the transmission according to the DL grant. There is no need of explicit signaling of DL ACK or UL ACK assignment.

[image: image1.emf]0 1 2 3 4 5

0 1 2

.  .  .

.  .  .

0 1 2

.  .  .

Downlink control 

channel elements

Downlink ACK 

channels / 

resources

Uplink ACK 

channels / 

resources


Figure 1.  Separate CCEs mapped to DL ACK and UL ACK

This design is simple and straightforward. The maximum number of uplink ACK channel resources required is the maximum number of simultaneous transmission within a subframe, which equals to the maximum number of CCEs used for downlink grant. We expect the maximum number of simultaneous downlink transmission to be no more than 18 in a 10MHz system. In this case, 18 uplink ACK channels can be reserved. Assuming each RB can accommodate 18 ACKs, the uplink ACK channel resource overhead is 1 RB. Note that if RB-to-ACK mapping is used, 3 RBs would have been required, tripling the uplink ACK channel resource overhead. 
2.2 Option 2 
With Option 1, the scheduling capacity may be limited by the number of CCEs available because CCEs need to be divided between uplink grants and downlink grants. Moreover, the CCEs may not be sufficiently utilized as the CCEs mapped to UL ACK cannot be used to transmit UL grant. As a rough calculation, we assume 36 REs per CCE. For an eNB with 4 Tx antennas in a 10MHz system, there will be about 10, 20, or 35 CCEs for 1, 2, 3 OFDM symbols of control overhead. Dividing the CCEs between uplink grants and downlink grants either significantly impacts the scheduling capacity, or results in large control channel overhead with low utilization. 
In this option, we try to address the limit and underutilization of CCEs. We can map each CCE to both DL ACK and UL ACK. As shown in Figure 2, CCE 0 is mapped to both DL ACK 0 and UL ACK 0, CCE 1 is mapped to both DL ACK 1 and UL ACK 1, and so on.  This option maintains the benefit of Option 1 that explicit signaling of DL ACK or UL ACK assignment is not needed. In addition, all the CCEs are shared between DL and UL scheduling, increasing the systems scheduling capability and CCE utilization.
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Figure 2. Mapping one CCE to both uplink and downlink ACK channels

By doing so, we enable statistical multiplexing between downlink grants and uplink grants, which results in higher utilization of the CCEs and smaller control channel overhead. 

3. Considerations due to uplink synchronous HARQ

Note that UL HARQ requires only an UL grant for the first transmission. As shown in Figure 3, one UL grant is sent to UE A at subframe 0 using CCE 0. UE A transmits at subframe 2. The eNB sends a NAK at subframe 4 to request retransmission from UE A for that packet. Assume CCE 0 is associated with DL ACK 0. Therefore both the eNB and the UE know DL ACK 0 will be used at subframe 4 to acknowledgement the packet UE A transmitted at subframe 2. Similarly, after the 2nd transmission at subframe 6, both the eNB and the UE know that DL ACK 0 will still be used at subframe 8 to acknowledge the 2nd transmission. If the mapping between CCE and DL ACK does not change, the eNB cannot use CCE 0 at subframe 4 to send another UL grant to other UEs because it would result in DL ACK assignment collision at subframe 8. Effectively, an UL HARQ session puts on hold the CCE that is used to assign this HARQ session, resulting in inefficiency in CCE utilization. In this case, we call CCE 0 is “blocked” due to the ongoing HARQ session from UE A.
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Figure 3. UE-specific CCE-to-DL-ACK mapping avoids blocking of a CCE due to UL synchronous HARQ
One solution to the problem of CCE blocking by UL HARQ sessions is to use UE-specific mapping between CCE and DL ACK. For example, assume there are L CCEs, N DL ACK channels and M UEs. Typically, because of synchronous HARQ, we expect more DL ACKs than uplink grants. Therefore we assume N > L. Note that when CCFI is used to minimize downlink control channel overhead, occasions with N > L will occur more frequently as we do not expect the resource reserved for DL ACK channel to change every sub-frame. Assume the index of the UEs are 0, 1, …, M-1. The mapping from ACK resource i to control channel element CCE(i, j) is defined for UE j as follows

CCE(i, j) = (i + j) mod N, for i = 0, 1, …, L-1, j = 0, 1, …, M-1
To give a more specific example, assume there are 4 CCEs and 6 DL ACKs. For UE A, the mapping is defined as CCE 0 mapped to ACK 0, CCE 1 mapped to ACK1, CCE 2 mapped to ACK 2, and CCE 3 mapped to ACK 3. For UE B, the mapping is defined as CCE 0 mapped to ACK 1, CCE 1 mapped to ACK 2, CCE 2 mapped to ACK 3, and CCE 3 mapped to ACK 4. By doing so, if CCE 0 is used for sending grant to UE 0 to start an HARQ session, ACK 0 will be used for acknowledgments of that HARQ session. However, each of the four CCEs can still be used to schedule other UEs without being held by the ongoing HARQ session of UE A. 
4. Conclusion

In this contribution, we analyzed the schemes to map CCEs to both DL ACK channels and UL ACK channels. We propose to map CCEs to both DL ACK channels and UL ACK channels. The mapping from CCEs to DL ACK channels should be UE specific to increase CCE utilization.
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