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1
Introduction
This contribution discusses some further details of semi-persistent DL scheduling and contains several proposals to complete the specification of semi-persistent scheduling.
2
Details of DL persistent scheduling
As agreed, 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 persistent allocation sent on PDCCH using a Semi-persistent scheduling C-RNTI (SPS C-RNTI). 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). The retransmissions are always allocated using the L1/L2 control channel with SPS C-RNTI.
2.1
HARQ processes for persistent allocation

It was decided that 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 be used for dynamic scheduling. Furthermore, it was decided that when the UE receives a persistent (first) transmission without PDCCH, the HARQ process id is derived from the SFN. It is still FFS, how this derivation is done.
Since the HARQ processes are all equal, it is simplest to reserve consecutive processes starting from 0 for persistent allocation. Then it is enough to signal the number HARQ processes allocated for semi-persistent scheduling and the process id can be derived from the SFN as follows:
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalDL)] modulo N_SPS_HARQ
where CURRENT_TTI=[(SFN * 10) + subframe number], semiPersistSchedIntervalDL is the periodicity of semi-persistent scheduling signalled via RRC and N_SPS_HARQ is the number of HARQ processes allocated for semi-persistent scheduling via RRC.

Proposal 1: The number of HARQ processes allocated for semi-persistent scheduling is signalled via RRC, the processes are consecutive processes starting from process 0.
Proposal 2: HARQ process id is derived from SFN as follows: 
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalDL)] modulo N_SPS_HARQ
Retransmissions for semi-persistent transmission are indicated with SPS C-RNTI and NDI=1. The HARQ process for the retransmissions is indicated normally with HARQ id.

2.2
Explicit release of the persistent resource

RAN2 decided that semi-persistent resources are released explicitly by PDCCH. The details of PDCCH signalling are FFS. 

We propose that SPS release is sent on PDCCH using SPS C-RNTI and by setting the content of PDCCH into a known code word, e.g. all bits set to zero. Furthermore, the explicit release sent on PDCCH should be acknowledged by the UE by sending an ACK on UL control channel corresponding to the PDCCH.

Proposal 3: SPS release is sent on PDCCH using SPS C-RNTI and by setting the content of PDCCH (except the CRC) into a known code word which does not give a valid allocation, e.g., all zeros. RAN1 should decide the code word.
Proposal 4: The SPS release sent on PDCCH should be acknowledged by the UE by sending normal ACK on PUCCH/PUSCH corresponding to the CCEs used for PDCCH.

2.3
Implicit release of the semi-persistent resource

Due to false positive SPS allocations and missed explicit releases (probability 1%), UE may assume that it has a semi-persistent allocation and keep on decoding accordingly. Since nothing is sent to the UE, the UE will not decode correctly and will send unnecessary NACKs, will start the HARQ RTT timer as well as the HARQ retransmission timer and monitor PDCCH for possible retransmissions. If the HARQ retransmission timer is long, the UE may be monitoring most of the time. Thus the UE generates extra interference by sending NACKs (which most probably will collide with the AC/NACKs of some other SPS user) and the power consumption of the UE is increased. 
Due to the above reasons we propose that the persistent DL assignment is released if the persistent assignment is not used N_SPS consecutive times (N_SPS configurable). The persistent assignment is considered unused if the UE cannot decode correctly the corresponding new transmission and does not receive correctly L1/L2 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_SPS = 2 and persistent resource is released when the pre-assigned resource is unused 2 times.
Proposal 5: Persistent resource is released (implicitly) when the persistent assignment is not used N_SPS consecutive intances (N_SPS configurable). The persistent assignment is considered unused if the UE cannot decode correctly the corresponding new transmission and does not receive correctly L1/L2 allocating a retransmission for the corresponding persistent allocation.
2.4
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 6: Persistent allocation is only allowed during On_duration of DRX.

2.5
RV for persistent allocation

RV is signalled explicitly on PDCCH for DL allocation. For persistent allocations without PDCCH (new transmission), some value for RV has to be defined. RV=0 is proposed for persistent allocation. Then also RV bits can be used for ‘virtual CRC’ on PDCCH.

Proposal 7: When the UE receives a persistent (first) transmission without PDCCH, the RV is assumed to be RV=0.

3
Conclusion
Missing details for the DL persistent scheduling were described in this contribution. The following is proposed:
Proposal 1: The number of HARQ processes allocated for semi-persistent scheduling is signalled via RRC, the processes are consecutive processes starting from process 0. (Captured in the RRC spec.)
Proposal 2: HARQ process id is derived from SFN as follows: 
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalDL)] modulo N_SPS_HARQ
Proposal 3: SPS release is sent on PDCCH using SPS C-RNTI and by setting the content of PDCCH (except the CRC) into a known code word which does not give a valid allocation, e.g., all zeros. RAN1 should decide the code word.

Proposal 4: The SPS release sent on PDCCH should be acknowledged by the UE by sending normal ACK on PUCCH/PUSCH corresponding to the CCEs used for PDCCH.

Proposal 5: Persistent resource is released (implicitly) when the persistent assignment is not used N_SPS consecutive intances (N_SPS configurable). The persistent assignment is considered unused if the UE cannot decode correctly the corresponding new transmission and does not receive correctly L1/L2 allocating a retransmission for the corresponding persistent allocation.
Proposal 6: Persistent allocation is only allowed during On_duration of DRX.

Proposal 7: When the UE receives a persistent (first) transmission without PDCCH, the RV is assumed to be RV=0.
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5.3.1
DL Assignment reception

Downlink assignments transmitted on the PDCCH indicate if there is a transmission on the DL-SCH for a particular UE and provide the relevant HARQ information.

When the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-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, or Temporary C‑RNTI:

-
indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.

-
else, if a downlink assignment for this TTI has been received on the PDCCH for the UE’s Semi-Persistent Scheduling C-RNTI:

-
set N_SPS_COUNTER to 0;

-
if PDCCH contents indicate SPS release:

-
clear the configured downlink assignment (if any) ;

-
instruct the physical layer to transmit a positive acknowledgement.

-
if the NDI in the received HARQ information is 1:

-
consider the NDI not to have been toggled;

-
indicate a downlink assignment and the associated HARQ information to the HARQ entity for this TTI.

-
else, if the NDI in the received HARQ information is 0:

-
store the downlink assignment and the associated HARQ information as configured downlink assignment;

-
initialise (if not active) or re-initialise (if already active) the configured downlink assignment to start in this TTI and to recur with the periodicity configured via RRC;

-
set the HARQ Process ID to [floor(CURRENT_TTI/semiPersistSchedIntervalDL)] modulo N_SPS_HARQ; 

-
set the RV to 0;
-
consider the NDI bit to have been toggled;

-
indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this TTI.



-
else, if a downlink assignment for this TTI has been configured:

-
if N_SPS_COUNTER = N_SPS:

-
clear the configured downlink assignment.

-
else:

-
increment N_SPS_COUNTER by 1;
-
instruct the physical layer to receive, in this TTI, transport(s) block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;

-
set the HARQ Process ID to [floor(CURRENT_TTI/semiPersistSchedIntervalDL)] modulo N_SPS_HARQ; 
-
set the RV to 0;
-
consider the NDI bit to have been toggled;

-
indicate the presence of a configured downlink assignment and deliver the stored HARQ information 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 SI-RNTI; 

-
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 SI-RNTI 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

5.3.2.1
HARQ Entity

There is one HARQ entity at the UE which maintains a number of parallel HARQ processes. Each HARQ process is associated with a HARQ process identifier. The HARQ entity directs HARQ information and associated TBs received on the DL-SCH to the corresponding HARQ processes (see subclause 5.3.2.2).

The number of DL HARQ processes and softbuffers are specified in [5], subclause 5.1.4.1.2.
When the physical layer is configured for spatial multiplexing [2], one or two TBs are expected per subframe. Otherwise, one TB is expected per subframe.
The UE shall:

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

-
allocate the TBs received from the physical layer and the associated HARQ information to the HARQ processes indicated by the associated HARQ information.

-
If a downlink assignment has been indicated for the broadcast HARQ process:

-
allocate the received TB to the broadcast HARQ process.

NOTE:
In case of BCCH a dedicated broadcast HARQ process is used.

5.3.2.2
HARQ process

For each received TB and associated HARQ information, the HARQ process shall:

-
if the NDI, when provided, has been toggled compared to the value of the previous received transmission for this HARQ process; or

-
if the HARQ process is equal to the broadcast process and the physical layer indicates a new transmission; or

-
if this is the very first received transmission for this HARQ process:

-
replace the data currently in the soft buffer for this HARQ process with the received data.

-
else:

-
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 TB size is different from the last valid TB 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:

-
if the HARQ process is equal to the broadcast process:
-
deliver the decoded MAC PDU to RRC.

-
else:

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

-
if a downlink assignment for this HARQ process has been configured: 
-
set N_SPS_COUNTER to 0.
-
generate a positive acknowledgement (ACK) of the data in this HARQ process.

-
else:

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

-
if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not successful (see subclause 5.1.5); or

-
if the HARQ process is equal to the broadcast process; or

-
if there is a measurement gap at the time of the transmission of the HARQ feedback:

-
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.
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