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1 Introduction

In RAN2#60 meeting general decisions on the framework for the UL persistent scheduling scheme have been made. This contribution discusses some remaining open issues from the last meeting [1]. It’s proposed that the maximum number of transmissions configured for dynamically scheduled transmissions applies also for persistently scheduled transmissions. Furthermore it’s proposed that there is only one time periodicity pattern configured per UE for UL persistent scheduling. 

2 Discussion

Maximum number of transmissions for persistent scheduled transmissions

In the last RAN2 meeting it was decided that for dynamically scheduled transmissions the UE is configured with a  maximum number of transmissions which is identical across all HARQ processes and all logical channels. The main motivation for this decision was that a radio bearer independent maximum number of transmission allows for a simple HARQ operation and multiplexing scheme in the uplink. It’s currently open whether the HARQ configuration for persistent scheduling is different or whether the same maximum number of transmissions configured for dynamically scheduled transmissions also applies for persistently scheduled transmissions. The argument for having a different HARQ configuration (maximum number of transmissions) for persistently scheduled transmission expressed during the RAN2#60 discussions was the different QoS characteristics of services, i.e. VoIP, persistently scheduled. However due to the decisision in the last meeting that persistent allocated resources are not radio bearer specific, i.e. the usage of persistently allocated resources is not restricted to specific logical channels, there are no specific persistently scheduled radio bearers. Essentially every radio bearer is allowed to use persistently allocated resources. Therefore the logical consequence is to have only one maximum number of transmissions configured per UE which is identical for all kind of UL transmissions.  One could also argue that services targeted for a persistent scheduled transmission can be transmitted by dynamic grants, i.e. dynamic grants can override a persistent allocation, in which case there would be no differences between the maximum number of transmissions. Another point is that one common behaviour for dynamically and persistently scheduled transmissions with respect to the HARQ configuration would reduce the complexity and is therefore preferable. Therefore we propose that maximum number of transmissions applies to dynamically and persistently scheduled transmissions. Note that the number of transmission for persistently scheduled transmission is counted as sum of one persistently scheduled transmission plus subsequent dynamically scheduled transmissions. 

Proposal 1: The UE is configured with a maximum number of transmissions that is identical across all HARQ processes and all logical channels.

Periodicity pattern configured for UL persistent scheduling

In RAN2#60 meeting it was agreed that there will be at least one time periodicity pattern configured per UE for persistently scheduled uplink transmissions. It’s FFS whether multiple time periodicity patterns can be configured per UE. Since the main reason for introducing the persistent scheduling scheme was the efficient support of VoIP services, it’s not clear why there is need for having multiple time periodicity patterns configured for one UE. Currently we also don’t see any other application/service in particular benefitting from persistently scheduled transmissions besides VoIP. 
Furthermore having configured multiple time periodicity patterns for one UE could also lead to some transmission inefficiencies. Due to the synchronous timing of HARQ retransmissions there is a risk that retransmissions of persistently allocated initial transmissions of one pattern collide with the initial transmissions of another configured pattern.  The HARQ retransmission would be aborted in such a case which leads to a packet loss. In the figure below some exemplary collision scenario is shown. It’s assumed that two persistent allocation pattern with a periodicity of 20ms each is configured for a UE. As can be seen in the figure when having an offset of 4ms between the two patterns a collision occurs between the 2nd retransmission of pattern B and an initial transmission of the pattern A. Another collision would occur between 3rd ReTx of pattern A and initial Tx of pattern B. Generally the occurrence of collisions depends on the offset between the patterns and the time periodicity of each pattern. It should be noted here, that eNB might not have the freedom to select the offset such that potential collisions can be avoided since the persistent pattern needs to be aligned with the application in order to efficiently use the persistent scheme, i.e. Codec.   
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Even though it was decided in the RAN2#60 meeting that a persistently allocated resource is not radio bearer specific, it’s generally desired that only the designated application, e.g. VoIP, is using the persistent allocations. This needs to be ensured by a proper network configuration, i.e. logical channel priority setting. However when having configured multiple time periodicity patterns it will be difficult to make sure by configuration that only the designated radio bearers  are using the corresponding persistent allocations. 
In light of above made considerations we think that only one time periodicity pattern should be configured per UE. 

Proposal 2: Only one time periodicity pattern for persistently scheduled initial uplink transmissions is configured per UE.

3 Conclusion 

The contribution discusses remaining open issues on the UL persistent scheduling scheme. It’s proposed to agree on the following:

· Proposal 1: The UE is configured with a maximum number of transmissions that is identical across all HARQ processes and all logical channels.
· Proposal 2: Only one time periodicity pattern for persistently scheduled initial uplink transmissions is configured per UE.
A text proposal can be found in the annex.
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5 Annex

5.4.2.2
HARQ process

Editor’s note.
This subclause describes the operation of the HARQ processes including handling of feedback and DRX aspects.

Each HARQ process is associated with a HARQ buffer.

Each HARQ process shall maintain a state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC PDU currently in the buffer. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0.

The UE is configured with a maximum number of transmissions that is identical across all HARQ Processes and all Logical Channels.

If the HARQ entity provides a new PDU, the HARQ process shall:

-
set CURRENT_TX_NB to 0; 

-
set CURRENT_IRV to 0;

-
store the MAC PDU in the associated HARQ buffer;

-
generate a transmission as described below.

If the HARQ entity requests a re-transmission, the HARQ process shall:

-
if an uplink grant for this was received on [PDCCH]:

-
set CURRENT_IRV to the value indicated in the uplink grant;

-
generate a transmission as described below.

Editor's note:  It is FFS how IRV is set if there is a persistent uplink grant.

To generate a transmission, the HARQ process shall:

-
instruct the physical layer to generate a transmission with the redundancy version corresponding to the CURRENT_IRV value and the transmission timing;

-
if CURRENT_IRV < [Y] [FFS]:

-
increment CURRENT_IRV by 1;

-
increment CURRENT_TX_NB by 1;

The HARQ process shall:

-
if a HARQ ACK is received; or

-
if CURRENT_TX_NB ≥ maximum number of transmissions configured:

-
flush the HARQ buffer.

The HARQ process shall also:

-
if CURRENT_TX_NB = maximum number of transmissions configured; and

-
no HARQ ACK is received for this process:

-
notify the relevant ARQ entities in the upper layer that the transmission of the corresponding RLC PDUs failed.

Editor’s note: It is FFS whether the HARQ buffer shall be flushed when an ACK is received, but no PDCCH is received in the same TTI.


Editor’s note:
Demultiplexing of multiple positive or negative acknowledgements and the time of reception relative to the transmission of data in a HARQ process is handled by L1.
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