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1
Introduction
This contribution describes the details of persistent DL scheduling and contains text proposals for MAC Stage 2 and MAC Stage 3.
2
DL scheduling in Stage 2
The following text is a copy of the current Stage 2 [1] description of DL scheduling, Section 11.1.1:

In the downlink, E-UTRAN can dynamically allocate resources (PRBs and MCS) to UEs at each TTI via the C-RNTI on L1/L2 control channel(s). A UE always monitors the L1/L2 control channel(s) in order to find possible allocation when its downlink reception is enabled (activity governed by DRX).

In addition, E-UTRAN can allocate predefined downlink resources for the first HARQ transmissions to UEs. When required, retransmissions are explicitly signalled via the L1/L2 control channel(s). In the sub-frames where the UE has been pre-assigned resources, if the UE cannot find its C-RNTI on the L1/L2 control channel(s), a downlink transmission according to any pre-defined allocation that the UE has been assigned in the TTI is assumed. As a result, the UE performs blind decoding of the pre-defined resources (the subset of pre-defined resources shall be set in accordance to UE’s capability). Otherwise, in the sub-frames where the UE has been pre-assigned resources, if the UE finds its C-RNTI on the L1/L2 control channel(s), the L1/L2 control channel allocation overrides the pre-defined allocation for that TTI and the UE does not perform blind decoding of the pre-defined resources.

3
Details of DL persistent scheduling
The persistent scheduling is configured by RRC signalling, i.e., the feature is turned on/off by RRC signalling, the periodicity of the persistent allocation (PS_Period), and the HARQ process(es) used for persistent scheduling are given by RRC signalling. The exact timing as well as the resources and transport format parameters are sent on L1/L2 control channel as normal DL assignment (HARQ process id indicating that this assignment should be stored). If the persistent DL assignment is missed (there is no ACK or NAK), eNB can send it again.

In downlink, it is beneficial to reserve one or more HARQ processes for persistent scheduling allowing efficient signalling of persistent assignment without additional PDCCH bits. Also, the existing HARQ soft buffer can be easily reused.

At the beginning of the talk spurt eNB gives the UE a persistent downlink assignment for a VoIP packet by sending L1/L2 DL assignment which indicates that it should be stored (initial transmission for a reserved HARQ process). In other words, it is proposed that the PDCCH indicates whether a DL assigment is a persistent one or not. As agreed, the UE monitors the L1/L2 control channel in preconfigured TTIs (DRX). If no valid DL assignment is given to the UE, the UE is required to blindly detect whether there is an initial data transmission to it on the persistent resource (using the stored transport format). If the UE correctly decodes a VoIP packet (the CRC of the UE-specificly scrambled data matches), the UE sends an ACK. If the CRC fails, the UE stores the received data samples in the HARQ buffer to wait for a possible HARQ retransmission, but does not send a NACK. If the eNode B does not receive an ACK, it retransmits the VoIP packet.The retransmissions are always allocated using the L1/L2 control channel.

SID frames can be allocated dynamically.

Release of the persistent resource is done implicitly: persistent DL assignment is released when the persistent assignment is not used N_PS consecutive times (N_PS configurable). The persistent assignment is considered unused if the UE cannot decode correctly the corresponding new transmission and does not receive correctly L1/L2 (within a retransmission window) allocating a retransmission for the corresponding persistent allocation.
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Figure 1: Persistent allocation of DL VoIP

Persistent allocation of DL VoIP is illustrated in Figure 1. Here N_PS = 2 and persistent resource is released when the pre-assigned resource is unused 2 times.
4
Conclusion
Missing details for the DL persistent scheduling were described in this contribution. The following is proposed:

-
RRC is used for initial configuration of the persistent scheduling setting the periodicity, the number of HARQ processes and the process ids reserved for persistent scheduling;
-
Persistent assignment is indicated by HARQ process id (no extra signalling bits on PDCCH needed and no additional HARQ buffer needed);
-
retransmission for a persistent initial transmission is also indicated normally by HARQ process id (no special format for PDCCH is needed);
-
L1/L2 DL assignment is used for telling the exact timing as well as the transport format parameters to be stored;
-
Persistent DL assignment is released when the persistent assignment is not used N_PS consecutive times (N_PS configurable); 

-
SID frames are allocated dynamically.
A text proposal is attached. Regarding the naming, it is also proposed to agree on “persistent scheduling” and “persistent allocation” as the mechanism makes a dynamic assignment persistent as long as it is not explicitely released.

Beginning of Text Proposal – 36.321
5.3.1
DL Assignment reception

Editor’s note:
This section describes the different assignment methods.

Editor’s note:
A downlink assignment can relate to one or two (MIMO) TBs. It is FFS how this information is presented to MAC.

Editor’s note:
Mapping of downlink assignments received on [PDCCH] onto the TTIs for which they are valid is done by L1.
Editor’s note:
Periodicity of persistent scheduling allocation (PS_PERIOD), the number of unused persistent allocations before the release of the persistent allocation (N_PS) and the number of HARQ processes (N_PS_HARQ) as well as the HARQ_IDs reserved for persistent allocation are signalled by RRC.

Editor’s note:
Persistent allocation is indicated with a HARQ_ID on PDCCH.
Editor’s note:
CURRENT_TTI = 10*SFN+subframe#, where SFN is system frame number and subframe#=0,1,…,9
When the UE has a C-RNTI, Temporary C-RNTI or RA-RNTI, the UE shall for each TTI during Active Time, for each TTI when a Random Access Response or Contention Resolution is expected and for each TTI for which a DL assignment has been configured:

-
If a downlink assignment for this TTI has been received on the [PDCCH] for the UE’s C-RNTI, Temporary C‑RNTI or RA‑RNTI:

-
Indicate a downlink assignment and the associated HARQ information to the HARQ entity for this TTI;

-
if the downlink assignment is a new persistent assignment (indicated on the [PDCCH]):

-
store the downlink assignment and the associated HARQ information (STORED_HARQ_ID = HARQ_ID) as well as the TTI number (STORED_DL_TTI = CURRENT_TTI).

-
if persistent allocation is configured and the downlink assignment is for a reserved HARQ_ID:

- 
set N_PS_COUNTER to 0.
-
else, if a persistent downlink assignment for this TTI exists (i.e., (CURRENT_TTI – STORED_DL_TTI) mod PS_PERIOD = 0) :

-
if N_PS_COUNTER = N_PS:

-
release the persistent downlink assignment.

-
else:
-
Indicate a downlink assignment, for a new transmission, and the associated HARQ information (e.g., CURRENT_HARQ_ID=STORED_HARQ_ID+[trunc(CURRENT_TTI/PS_PERIOD)] mod N_PS_HARQ) to the HARQ entity for this TTI; 
-
increment N_PS_COUNTER by 1.
Editor’s note: The period of configured downlink assignments is expressed in TTIs.

When the UE needs to read BCCH, the UE shall:
-
If a downlink assignment for this TTI has been received on the [PDCCH] for the [broadcast identity]; 

-
Indicate a downlink assignment for the dedicated broadcast HARQ process to the HARQ entity for this TTI;

NOTE:
Downlink assignments for both C-RNTI and [broadcast identity] can be received in the same TTI

Editor’s note:
L1 is configured, as needed, by upper layers or MAC [FFS] to monitor [PDCCH] for C-RNTI, and by MAC to monitor [PDCCH] for Temporary C-RNTI and RA-RNTI.

Editor’s note:
Whether a downlink assignment and associated HARQ information is valid for only one or more than one TTI is FFS.
Editor’s note: It is FFS whether multiple time periodicity patterns can be simultaneously configured.

5.3.2
HARQ operation
Editor’s note:
This section describes the HARQ operation including handling of feedback and aspects related to DRX.

NOTE:
Additional optimisations (e.g. less adaptive/synchronous) are FFS
5.3.2.1
HARQ Entity

Editor’s note: This subclause describes the overall structure (including number of HARQ processes) and function of the HARQ entities.
There is one HARQ entity at the UE which processes the HARQ process identifiers indicated by the HARQ information associated with TBs received on the DL-SCH.

A number of parallel HARQ processes are used in the UE to support the HARQ entity. [The number of HARQ processes is FFS].
For a received TB the UE shall:

-
If a downlink assignment has been indicated for this TTI: 

-
allocate the received TB to the HARQ process indicated by the associated HARQ information.

NOTE:
In case of BCCH a dedicated broadcast HARQ process will be used

Editor’s note:
Whether the number of HARQ processes is hard-coded in the specification or configured by upper layers is FFS.
5.3.2.2
HARQ process

Editor’s note:
This section describes the general HARQ procedure including handling of feedback and aspects related to DRX.
The HARQ process processes the New Data Indicator (name FFS) indicated from the HARQ entity for each received MAC PDU.

The UE shall:

-
if a new transmission is indicated for this HARQ process:
-
replace the data currently in the soft buffer for this HARQ process with the received data.
-
if a retransmission is indicated for this HARQ process:
-
if the data has not yet been successfully decoded:
-
combine the received data with the data currently in the soft buffer for this HARQ process.

-
if the transport block size is different from the last valid transport block size signalled for this HARQ process:
-
the UE may replace the data currently in the soft buffer for this HARQ process with the received data.

-
if the data in the soft buffer has been successfully decoded:

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;

-
generate a positive acknowledgement (ACK) of the data in this HARQ process
-
if HARQ_ID of this process is reserved for persistent allocation:

-
set N_PS_COUNTER to 0.

-
else if the transmission was associated with [PDCCH] transmission:

-
generate a negative acknowledgement (NACK) of the data in this HARQ process;

-
if the HARQ process is associated with a transmission indicated with an RA-RNTI; or
-
if the HARQ process is associated with a transmission indicated with a Temorary C-RNTI and a Random Access Identity match is not indicated; or

-
if the HARQ process is equal to the broadcast process:

-
do not indicate the generated positive or negative acknowledgement to the physical layer

-
otherwise
-
indicate the generated positive or negative acknowledgement to the physical layer.

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

End of Text Proposal – 36.321
Beginning of Text Proposal – 36.300

11.1.1
Downlink Scheduling

In the downlink, E-UTRAN can dynamically allocate resources (PRBs and MCS) to UEs at each TTI via the C-RNTI on L1/L2 control channel(s). A UE always monitors the L1/L2 control channel(s) in order to find possible allocation when its downlink reception is enabled (activity governed by DRX).

In addition, E-UTRAN can allocate persistent downlink resources for the first HARQ transmissions to UEs. When required, retransmissions are explicitly signalled via the L1/L2 control channel(s). In the sub-frames where the UE has persistent resources, if the UE cannot find its C-RNTI on the L1/L2 control channel(s), a downlink transmission according to persistent allocation that the UE has been assigned in the TTI is assumed. As a result, the UE performs blind decoding of the persistent resources. Otherwise, in the sub-frames where the UE has persistent resources, if the UE finds its C-RNTI on the L1/L2 control channel(s), the L1/L2 control channel allocation overrides the persistent allocation for that TTI and the UE does not perform blind decoding of the persistent resources.

End of Text Proposal – 36.300
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