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1
Introduction

During RAN1#52, RAN WG1 agreed on the following with regards to UL ACK/NACK resources for semi-persistent DL-SCH allocations (below is an excerpt from the RAN1 Chairman’s notes):

Conclusion:

· UL ACK/NACK resource due to DL persistent scheduling is explicitly signalled once when the persistent scheduling information for data is sent to the UE 

· Operations for indicating and using the persistent UL A/N resource:

· When the persistent data resource activation information is signalled via L1 to the UE with a PDSCH, the UL ACK/NACK signal for the PDSCH is transmitted on dynamic A/N resource linked to the L1 assignment

· The persistent A/N resource indicated in the persistent scheduling information shall be used persistently after the UE successfully receives the L1 assignment for the persistent data resource activation and while the persistent assignment is active. The PDCCH activating/de-activating the persistent resources also activate/de-activate the persistent A/N resources.
· In case of HARQ initial transmission: the persistent A/N resource is used
· In case of HARQ retransmissions: dynamic A/N resource linked to the CCE used for the PDCCH is used
In other words, RAN WG1 has decided as follows:

1) For all DL-SCH allocations associated with a PDCCH (irrelevant of whether the PDCCH is for dynamic or semi-persistent assignment and whether the PDCCH is for initial HARQ transmission or HARQ retransmission), the UL ACK/NACK will be transmitted on a dynamic ACK/NACK resource linked to the CCE used for the PDCCH.
2) For all DL-SCH allocations not associated with a PDCCH (i.e. DL-SCH allocations on already assigned semi-persistent DL-SCH resources), the UL ACK/NACK will be transmitted on a UE specific semi-persistent ACK/NACK resource indicated to the UE by RRC signalling.

In general terms, parameters which characterize the semi-persistent ACK/NACK resources are:

· Frequency/code index

· Time periodicity

· Starting point
On the other hand, RAN WG2 has decided to indicate parameters to characterize the semi-persistent DL-SCH resources as follows:
· Time periodicity => indicated by RRC signalling

· RB/MCS => indicated by PDCCH for semi-persistent scheduling

· Starting point => implicitly indicated by the time UE receives PDCCH for semi-persistent scheduling
This contribution raises an issue with the assumption that RRC signalling allocates semi-persistent ACK/NACK resources.

2
Discussion
Illustration of the issue

The RAN WG2 decision to assign RB/MCS for semi-persistent DL-SCH resources explicitly by the PDCCH for semi-persistent scheduling, and starting point for semi-persistent DL-SCH resources implicitly by the time UE receives PDCCH for semi-persistent scheduling provide the scheduler with enough flexibility to exploit statistical multiplexing gains.

However, if semi-persistent ACK/NACK resources are assigned via RRC signalling, the eNB scheduler can no longer set the starting point for semi-persistent DL-SCH resources in a flexible manner as shown in Figure 1.
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Figure 1

In Figure 1, the starting point of the semi-persistent ACK/NACK resource is set to subframe#6 of SFN#0 by RRC signalling. Then, since the timing to transmit ACK/NACK after receiving DL-SCH resources is fixed to 4ms by RAN1 specification, the only viable starting point for semi-persistent DL SCH resource is subframe#2 of SFN#0. In order to set different starting point for semi-persistent DL-SCH resource, RRC signalling needs to reconfigure the starting point for semi-persistent ACK/NACK resource. This goes against the original intention of RAN WG2 to allow flexible setting of the starting point for semi-persistent DL-SCH resource by PDCCH signalling.
Conclusion 1: The ability to set starting point for semi-persistent DL-SCH resource in a flexible manner should not be restricted due to semi-persistent ACK/NACK resource assignment.

Possible solution to avoid restriction due to semi-persistent ACK/NACK resource assignment

A possible solution to avoid the starting point for semi-persistent DL-SCH resource to be restricted by the semi-persistent ACK/NACK resource assignment is to set the starting point for semi-persistent ACK/NACK resources also implicitly by the time UE receives PDCCH for semi-persistent scheduling. With this solution, only frequency/code index and time periodicity for the semi-persistent ACK/NACK resources will be configured by RRC signalling and the starting point for semi-persistent ACK/NACK resources will be determined by the time UE receives PDCCH for semi-persistent scheduling. Specifically, starting point for semi-persistent DL-SCH resources will be determined by the timing the UE receives PDCCH for semi-persistent scheduling, and starting point for semi-persistent ACK/NACK resources will be set to 4 subframes after the starting point for semi-persistent DL-SCH resources. With this solution, the flexibility to set the starting point for semi-persistent DL-SCH resources can be maintained to a certain extent. However, it will still be restricted to subframes where the corresponding semi-persistent ACK/NACK resources are not yet configured for other UEs’ semi-persistent ACK/NACK resources. This is illustrated with the assistance of Figure 2.
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Figure 2
In Figure 2, the semi-persistent DL-SCH resource usage during a particular UE’s DRX on duration and the semi-persistent ACK/NACK resource usage during 4 subframes after the UE’s DRX on duration is shown, where the shaded boxes shows that the resource is used for other UE’s. It is assumed that the UE’s DRX on duration is 3 subframes (a realistic value for VoIP, i.e. UE has to be awake at least 3 subframes out of 20 subframes). In Figure 2, semi-persistent DL-SCH resources are fully used for subframe#1, so the eNB scheduler would like to assign semi-persistent DL-SCH resources using the available frequency resources in either subframe#0 or subframe#2 (i.e. set the starting point for semi-persistent DL-SCH resources to subframe#0 or subframe#2). However, if the UE has been assigned frequency/code index#3 for the semi-persistent ACK/NACK resource, this is not possible since other UE’s with frequency/code index#3 has already been assigned subframe#4 and subframe#6 as their starting points for the semi-persistent ACK/NACK resources.

Another possible solution to avoid restriction due to semi-persistent ACK/NACK resource assignment

Another possible solution to avoid the starting point for semi-persistent DL-SCH resource to be restricted by the semi-persistent ACK/NACK resource assignment is to make the timing to transmit ACK/NACK after receiving DL-SCH resources flexible for semi-persistent scheduling. With this solution, the starting point for semi-persistent DL-SCH resource can be set independently from the starting point of the semi-persistent ACK/NACK resource, and there for the starting point for semi-persistent DL-SCH resources can be selected very flexibly (within the DRX on duration). This is shown in Figure 3.
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Figure 3
Conclusion 2: Of the two solution presented in this document, the solution to make the timing to transmit ACK/NACK after receiving DL-SCH resources flexible for semi-persistent scheduling is more preferable as it provide more flexibility to the eNB scheduler to set the starting point for the semi-persistent DL-SCH resources.

3
Conclusion
This contribution raised an issue with the loss of flexibility in setting the starting point for semi-persistent DL-SCH resources under the assumption that RRC signalling allocates semi-persistent ACK/NACK resources and concludes the following:

Conclusion 1: The ability to set starting point for semi-persistent DL-SCH resource in a flexible manner should not be restricted due to semi-persistent ACK/NACK resource assignment.

Conclusion 2: Of the two solution presented in this document, the solution to make the timing to transmit ACK/NACK after receiving DL-SCH resources flexible for semi-persistent scheduling is more preferable as it provide more flexibility to the eNB scheduler to set the starting point for the semi-persistent DL-SCH resources.

It is suggested for RAN WG2 to discuss the solutions presented in this document to avoid the restriction in setting the starting point for semi-persistent DL-SCH resources along with other possible solutions.
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