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1
Introduction
This contribution describes some further details of UL persistent scheduling and contains text proposals for MAC Stage 3 highlighting the agreements from Sevilla meeting. 

2
Agreements from RAN2 meeting #60bis
It was agreed in RAN2 meeting #60bis in Sevilla that 

1. RRC is used for initial configuration of the persistent scheduling setting a.o. the periodicity

2. Will use PDCCH for semi-persistent resource activation/de-activation

Especially the second point has to be implemented into MAC specification. The text proposal at the end of this contribution highlights these agreements by yellow colour.
3
Details of UL persistent scheduling
As agreed in Sevilla, the persistent scheduling is configured by RRC signalling, i.e., the feature is turned on/off by RRC signalling and the periodicity of the persistent scheduling (PS_PERIOD) is given by RRC signalling. The exact timing as well as the resources and transport format parameters are sent on L1/L2 control channel (PDCCH) as normal UL grant. If the UL grant is missed (there is no UL transmission), eNB can send it again.

At the beginning of the talk spurt (UE MAC notices that there is speech packet coming) UE should send an uplink scheduling request (SR) to the eNode B. The SR is sent on a dedicated resource (D-SR see [2]). For VoIP we assume that SR resource is available at least every 10 ms. Then eNB gives the UE a (dynamic) uplink grant which preferably can fit a full VoIP packet and the UE sends the VoIP packet. 
Then eNB can make persistent allocation (i.e. allocate persistent uplink resource for the first HARQ transmission) by sending L1/L2 UL grant which indicates that it should be stored. In other words, the PDCCH indicates whether the UL grant is a persistent one or not. Once the UE has the persistent allocation, there is normally no need to send a SR. As agreed, the UE monitors the L1/L2 control channel in preconfigured TTIs (DRX) and if no valid UL allocation is given to the UE, the UE is allowed to send an initial data transmission using the persistent resource (using a stored transport format). The retransmissions are allocated using the L1/L2 control channel or non-adaptively by NAK sent on PHICH.
SID frames can be allocated dynamically (thus requiring SR for each SID) provided that the UE has released the persistent resource.
Proposal 1: SID frames are allocated dynamically when the UE does not have persistent resources (does not require changes to MAC spec).

There are several ways to indicate the persistent allocation on PDCCH. We have proposed to use one RV (=1) to indicate that this assignment should be stored. Since RAN1 is still discussing how to indicate RV and transport format parameters, we propose to collaborate with RAN1.
Release of the persistent resource can be indicated by the UE by sending an empty buffer status report without data at the end of the talk-spurt. Explicit revoke by eNB is possible by RRC signalling and we don’t currently see the need for MAC level control.
Proposal 2: Persistent resource is released by the UE by sending an empty buffer status report without data at the end of the talk-spurt.
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Figure 1: Persistent allocation of UL VoIP

Persistent allocation of UL VoIP is illustrated in Figure 1.

3.1
Persistent allocation and DRX (allow persistent allocation only during on-duration)

Normally, persistent allocation is given during the On_duration, since the UE only monitors PDCCH during On_duration. However, if there has been a dynamic allocation for the UE and the Inactivity_timer is running, it is possible to give a persistent allocation with PDCCH also outside the On_duration. This is, however, not desirable since the persistent allocation pattern creates another “DRX pattern”. It is preferable that the DRX pattern is configured such that it is suitable also for the persistent allocation and then persistent allocation is only allowed during On_duration.

Proposal 3: PDCCH transmission for UL persistent allocation is only allowed during On_duration of DRX. (no spec change needed)
4
Conclusion
The followinf has already been agreed:

-
RRC is used for initial configuration of the persistent scheduling setting the periodicity (PS_Period),

-
PDCCH is used for sending the exact timing as well as the transport format parameters to be stored (HARQ process for synchronous HARQ is determined from the timing),
Missing details for the UL persistent scheduling were described in this contribution. The following is proposed:
Proposal 1: SID frames are allocated dynamically when the UE does not have persistent resources.

Proposal 2: Persistent resource is released by the UE by sending an empty buffer status report without data at the end of the talk-spurt.
Proposal 3: PDCCH transmission for UL persistent allocation is only allowed during On_duration of DRX.
The corresponding text proposal to 36.321 is given below. Regarding the naming, it is also proposed to agree on “persistent scheduling” and “persistent allocation” as the mechanism makes a dynamic grant persistent as long as it is not explicitely released.
Beginning of Text Proposal – 36.321
5.4.1
UL Grant reception

Editor’s note:
For TDD, more than one uplink grant may need to be signalled in one TTI. Demultiplexing/decoding of such uplink grants is done by L1.

Editor’s note:
Mapping of uplink grants received on [PDCCH] onto the TTIs for which they are valid is done by L1.
The UE shall for each TTI:

-
If an uplink grant for this TTI has been received on the [PDCCH]; or

-
if an uplink grant for this TTI has been received in a Random Access Response:


-
Indicate a valid uplink grant and the associated HARQ information to the HARQ entity for this TTI;

-
if the uplink grant is a new persistent grant (indicated on the [PDCCH]):
-
store the uplink grant and the TTI number (STORED_UL_TTI = CURRENT_TTI).

-
else, if an uplink grant for this TTI has been configured (CURRENT_TTI – STORED_UL_TTI) mod PS_PERIOD = 0) and an uplink grant for this TTI has not been received on the [PDCCH], nor in a Random Access Response:

-
Indicate a persistent uplink grant, valid for new transmission, and the associated HARQ information to the HARQ entity for this TTI.

NOTE:
The period of configured uplink grants is expressed in TTIs.
5.4.2
HARQ Operation
NOTE:
Whether resource allocation and modulation and coding scheme can be adapted for retransmissions is FFS.
5.4.2.1
HARQ entity

There is one HARQ entity at the UE. A number of parallel HARQ processes are used in the UE to support the HARQ entity, allowing transmissions to take place continuously while waiting for the feedback on the successful or unsuccessful reception of previous transmissions.

At a given TTI, if an uplink grant is indicated for the TTI, the HARQ entity identifies the HARQ process for which a transmission should take place. It also routes the receiver feedback (ACK/NACK information), relayed by the physical layer, to the appropriate HARQ process.

The number of HARQ processes is equal to [X] [FFS]. Each process is associated with a number from 0 to [X-1].

At the given TTI, the HARQ entity shall:

-
if an uplink grant, indicating a new transmission, is indicated for this TTI:

-
notify the “uplink prioritisation” entity that the TTI is available for a new transmission;

-
if the "uplink prioritisation" entity indicates the need for a new transmission:

-
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity;

-
instruct the HARQ process corresponding to this TTI to trigger the transmission of this new payload using the identified parameters.

-
else if the uplink grant was a persistent uplink grant (and there is no data to transmit):

-
generate a MAC PDU containing a buffer status report indicating empty buffer;

-
instruct the HARQ process corresponding to this TTI to trigger the transmission of this new payload using the identified parameters.

-
release the persistent uplink grant;

-
else:

-
flush the HARQ buffer.

-
else:

-
if an uplink grant, indicating a re-transmission, is indicated for this TTI; or

-
if the HARQ buffer of the HARQ process corresponding to this TTI is not empty and no HARQ ACK was received for the immediately preceding transmission of the same data with the same HARQ process:
-
instruct the HARQ process to generate a re-transmission.

NOTE:
Adaptive retransmissions are ‘sticky’; i.e., when parameters are modified for a retransmission, previous parameters no longer apply for subsequent retransmissions.

5.4.2.2
HARQ process

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.
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 CURRENT_TX_NB = maximum number of transmissions configured:

-
flush the HARQ buffer;

-
if 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.

-
if the transmission corresponds to a transmission of CCCH over transparent MAC, notify RRC that the transmission of the corresponding MAC SDU failed.
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.
End of Text Proposal – 36.321
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