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1. Introduction

In previous RAN2 meetings several companies showed that it is beneficial to reserve more than one HARQ process ID for semi persistent scheduling (SPS) in order to increase the timeframe available for a retransmission that follows after a persistently scheduled initial transmission.

In RAN1#52bis it was decided to split the soft buffer evenly among the available dynamic HARQ processes.

In the following we propose a scheme to use the HARQ soft buffer memory efficiently by reserving only one HARQ process ID for SPS but to store two persistently scheduled transport blocks in the memory of this reserved HARQ process. 

2. Discussion
When only one HARQ process is available for storing persistently scheduled initial transmissions then retransmissions for such an initial transmission have to arrive within the time frame between this initial transmission and the next occurrence of  a persistent allocation. Assuming that this time frame is 20ms (which corresponds to timings needed for VoIP) this would allow for a maximum of only two retransmissions because of the HARQ roundtrip time of 8ms.

On arrival of this next persistently scheduled initial transmission the reserved HARQ buffer needs to be flushed in order to store the new initial transmission. This has to happen regardless if the HARQ procedure for the previous persistent transmission was successfully completed and if the data was correctly received or not. In the latter case the previous transmission is lost.

Hence, the retransmission time frame for an initial SPS transmission is equal to the periodicity of the persistent scheduling events configured for SPS. This limitation has been described in [1] and [2].

Furthermore, [1] and [2] propose to reserve more than just one HARQ process for SPS. An additional HARQ process reserved for SPS would double the time frame for a SPS retransmission expanding it to two SPS periodicities.

However, the reservation of a further process ID out of the dynamic HARQ processes has a negative impact on peak throughput of the UE for dynamically scheduled data since soft buffer is equally split among the HARQ processes. A reservation of 2 HARQ processes would decrease the peak throughput by 25%.

With regard to the equal buffer split mentioned above the memory size of a HARQ process is relatively large compared to the size of the data transmitted on the persistently allocated resources (i.e. VoIP packets).  For instance a Category 1 UE [3] needs to be able to receive 10040 bits in one TTI, which is already the lowest requirement for a E-UTRA UE. A full rate VoIP packet is of a size of 320 bit and thus would occupy only around 3% of a Category 1 UE’s HARQ buffer. For higher categories the percentage is even lower.

A solution for expanding the retransmission time boundary as described in the paragraphs above without further inflicting limitations to the maximum data rate of the UE is to store the data of two initial SPS transmission in a single HARQ process. It should be noted that this functionality is already supported for MIMO operations where two codewords are stored within one subframe transmission. Here, we think no spatial multiplexing within UE is applied for persistent scheduling.
Buffer management for the HARQ process reserved for SPS is then similar to HARQ buffer management in MIMO mode. Transport blocks received on the persistently allocated resources will be alternately stored in an upper and lower part of the SPS-reserved HARQ buffer’s memory.

Proposal 1: Reservation of one HARQ process ID of SPS out of the available HARQ process IDs available for dynamically scheduled data.

Proposal 2: Two transport blocks can be stored at a time in the reserved HARQ process buffer.
For correctly associating SPS-retransmissions to the transport blocks stored in the SPS-HARQ buffer an indicator is needed in the retransmission PDCCH since the UE needs to know with which of the buffered transport blocks the retransmission has to be combined with. 

The New Data Indicator (NDI) field in the PDCCH can be used as such an indicator. The actual function of the NDI is of no use in case of SPS since initial SPS transmissions use the persistently allocated resources, which implicitly indicate new data. The NDI field of the dynamic PDCCH granting the SPS retransmission (see also [4] for details) can thus be used for indicating the one out of two possible transport blocks in the reserved SPS-HARQ process.

Proposal 3: The NDI field in the SPS-retransmission PDCCH indicates with which of the two transport blocks stored in the reserved HARQ process buffer the retransmission has to be combined with.
Figure 1 below depictures the mechanisms described above.
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Figure 1 - retransmission scheme for SPS
3. Conclusion
 As explained in the discussion section we make the following proposals.

Proposal 1: Reservation of one HARQ process ID of SPS out of the available HARQ process IDs available for dynamically scheduled data.

Proposal 2: Two transport blocks can be stored at a time in the reserved HARQ process buffer.

Proposal 3: The NDI field in the SPS-retransmission PDCCH indicates with which of the two transport blocks stored in the reserved HARQ process buffer the retransmission has to be combined with.

A text proposal for TS 36.321 [5] with the new HARQ functionality can be found in the Annex section of this document.
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Annex

3.1. 5.3
DL-SCH data transfer

Editor’s note:
Current text applies to, at least, FDD.

3.1.1. 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.

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 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;

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

3.1.2. 5.3.2
HARQ operation

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

3.1.2.1. 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. One HARQ process is reserved for TBs received on a semi-persistent scheduled resource. Two TBs can be simultaneously stored in this reserved HARQ process.
3.1.2.2. 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: 

· if this HARQ process is reserved for TBs received on semi-persistent scheduled resources

· if the New Data Indicator indicates a 0

· combine the received data with the data currently in the soft buffer associated to the first of the two TBs

· else
· combine the received data with the data currently in the soft buffer associated to the second of the two TBs
-
else
-
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:

-
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 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

-
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.

3.1.3. 5.3.3
Disassembly and demultiplexing

Editor’s note:
This section describes the disassembly and demultiplexing of MAC PDUs into MAC SDUs
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