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1
Introduction
This contribution describes some further details of persistent DL scheduling and contains text proposals for MAC Stage 3 highlighting the agreedments from Sevilla meeting as well as the proposed further details.
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 DL 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 allocation (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). The details how a persistent allocation sent on PDCCH is distinguished from a dynamic allocation sent on PDCCH is FFS. If the persistent DL assignment is missed (there is no ACK or NAK), eNB can send it again.
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. In other words, 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. The NACK is not sent since we propose that the eNB is allowed to use the same resource for other users without releasing the persistent allocation. 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.
Proposal 1: UE never sends NACK for the persistent initial transmission, only ACK is sent if UE decodes the persistent allocation correctly (UE specific scrambling).

SID frames can be allocated dynamically. Alternatively, another persistent pattern could be utilised for SID frames. It has been agreed that only one set of persistent parameters are configured by UE. Thus it is simplest to schedule the SID frames dynamically.
Proposal 2: SID frames are allocated dynamically (does not require any changes to MAC spec). 

3.1
HARQ processes for persistent allocation

Persistent allocation will most probably be used for VoIP. If only one HARQ process is used for VoIP persistent allocation, then the maximum number of HARQ retransmissions is limited to two. This may not be enough in some cases and, therefore, the general assumption cannot be that only one HARQ process is used for persistent allocation.

Which HARQ processes are used for persistent allocation is still an open issue. Alternatives could be: 1) specify additional HARQ process(es) for persistent allocation; 2) allocate some HARQ process(es) for persistent allocation and use them both for persistent and dynamic allocations;
1) Specifying additional HARQ processes for persistent allocation has the advantage that 

-
all “existing” HARQ processes can be used for dynamic allocation. 

The major drawback is:

- 
increased memory requirements, since separate additional soft buffer is needed for persistent allocation

2) Allocating some HARQ process(es) for persistent allocation and using them both for persistent and dynamic allocations has the advantage:

-
for indicating the retransmission, normal PDCCH format and normal HARQ id can be used

-
no additional memory needed

The only drawback is that the allocated process(es) cannot freely be used for dynamic scheduling. This is, however, natural: when there is a VoIP connection, all resources cannot be used for dynamic scheduling. It is, however, possible to override the persistent allocation with a dynamic allocation if there is a need for bigger allocation in a TTI with a persistent allocation. Also when the retransmissions of a persistent allocation are finished early, the same HARQ process can be used for dynamic allocations: the only limitation is that the process should be free when the next persistent transmission occurs (otherwise the next VoIP packet has to be scheduled dynamically). 
Proposal 3: One or several HARQ processes are allocated for persistent allocation and the HARQ ids of these processes are given by RRC signalling. These processes can also to some extent be used for dynamic scheduling,
If several HARQ processes are reserved for persistent allocation, the UE has to know which HARQ process soft buffer to use when storing the first transmission (assuming that CRC fails). One possibility is to indicate the HARQ process when making the persistent allocation and stepping the reserved HARQ process ids in predefined order. Alternatively, the HARQ process id can be tied to the system frame number (SFN). This has the advantage that it eliminates all the signalling errors and timing uncertainties.

Proposal 4: When the UE receives a persistent (first) transmission without PDCCH, the HARQ process id is derived from the SFN.

Proposal 5: Retransmissions for persistent initial transmission are indicated normally with HARQ id (no special format needed for retransmissions).

3.2
Release of the persistent resource

The persistent resource can be released either implicitly or explicitly. Since the persistent resource can also be used for other UEs, there is no need to release the persistent resource explicitly (that would simply cause extra interference). We propose that the 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.
Proposal 6: Persistent resource is released (implicitly) when the persistent assignment is not used N_PS consecutive intances (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.
If the UE does not receive the persistent allocation correctly, the UE stores the received data samples into HARQ buffer and tries to find a retransmission. Due to asynchronous HARQ, retransmission can in principle come whenever (after the minimum HARQ RTT) and the UE should wait forever (especially in the case where nothing was sent to the UE). In order to reduce the UE waiting time, a retransmission window should be specified. The window can be the same as for DRX.
Proposal 7: A retransmission window is defined for possible retransmissions of a persistent allocation.

3.3
Persistent allocation and DRX (allow persistent allocation only during on-duration)

Current MAC spec says that UE has to monitor PDCCH during Active Time and when persistent allocation exists. 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 8: Persistent allocation is only allowed during On_duration of DRX.

3.5
NDI and RV for persistent allocation

RAN1 decided to signal NDI and RV explicitly on PDCCH for DL allocation. For persistent allocations without PDCCH, some values for these have to be defined. RV=0 and NDI=0 are proposed for persistent allocation. Same NDI value can be used for all persistent allocations since the allocation without PDCCH is always first transmission. If the same HARQ process is used for dynamic allocations, NDI is toggled normally.

Proposal 9: When the UE receives a persistent (first) transmission without PDCCH, the RV is assumed to be RV=0 and NDI is assumed to be NDI=0.
4
Conclusion
Missing details for the DL persistent scheduling were described in this contribution. The following is proposed:
Proposal 1: UE never sends NACK for the persistent initial transmission, only ACK is sent if UE decodes the persistent allocation correctly (UE specific scrambling).

Proposal 2: SID frames are allocated dynamically (does not require any changes to MAC spec). 

Proposal 3: One or several HARQ processes are allocated for persistent allocation and the HARQ ids of these processes are given by RRC signalling. These processes can also to some extent be used for dynamic scheduling,
Proposal 4: When the UE receives a persistent allocation without PDCCH, the HARQ process id is derived from the SFN.

Proposal 5: Retransmissions for persistent initial transmission are indicated normally with HARQ id (no special format needed for retransmissions) (does not require any changes to MAC spec).

Proposal 6: Persistent resource is released implicitly when the persistent assignment is not used N_PS consecutive intances (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.
Proposal 7: A retransmission window is defined for possible retransmissions of a persistent allocation.

Proposal 8: Persistent allocation is only allowed during On_duration of DRX.

Proposal 9: When the UE receives a persistent (first) transmission without PDCCH, the RV is assumed to be RV=0 and NDI is assumed to be NDI=0.
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.

TP for Proposals 1, 3, 4, 8 and 9:
Beginning of Text Proposal – 36.321
5.3.1
DL Assignment reception

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:
CURRENT_TTI = 10*SFN+subframe#, where SFN is system frame number and subframe#=0,1,…,9
When the UE has a C-RNTI, Semi-Persistent Scheduling 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
-
If a downlink assignment for this TTI has been received on the [PDCCH] for the UE’s C-RNTI, Semi-Persistent Scheduling 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 for the UE’s Semi-Persistent Scheduling C-RNTI:
-
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).

-
else, if a downlink assignment for this TTI has been configured (i.e., (CURRENT_TTI – STORED_DL_TTI) mod PS_PERIOD = 0) and a downlink assignment for this TTI has not been received on the [PDCCH] for the UE’s C-RNTI, Temporary C-RNTI or RA-RNTI:

-
Indicate a downlink assignment, for a new transmission, and the associated HARQ information (RV=0, NDI=0, HARQ_ID=STORED_HARQ_ID+[floor(CURRENT_TTI/PS_PERIOD)] mod N_PS_HARQ) to the HARQ entity for this TTI;

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.

5.3.2
HARQ operation
NOTE:
Additional optimisations (e.g. less adaptive/synchronous) are FFS.
5.3.2.1
HARQ Entity

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].

 If a downlink assignment has been indicated or configured for this TTI, the UE shall:

-
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.
5.3.2.2
HARQ process

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.

-
attempt to decode the data in the soft buffer

-
if the data in the soft buffer was 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.

-
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 UE Contention Resolution 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

-
else

-
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

References

[1] 3GPP TS 36.300, E-UTRAN Stage 2
_1254925527.vsd
UL


DL


20 ms


Semi-persistent DL allocation:


ACK:


DL allocation:


DL VoIP packet:


retransmission:


reception window:



