3GPP TSG RAN WG2 #61
R2-080719

11th – 15th February 2008
Sorrento, Italy

Agenda item:

5.1.1.8

Source:

CATT
Title:
 Process ID allocation for downlink persistent scheduling

Document for:

Discussion and Decision

1. Introduction
RAN2 has agreed to support semi-persistent scheduling and asynchronous HARQ in downlink. In asynchronous HARQ, explicit HARQ process ID in DL assignment signaling is needed to identify different HARQ processes for the same UE.

For dynamic scheduling, HARQ process ID is allocated in initial transmission scheduling with DL assignment signaling and retransmissions of the same packet will be scheduled with the same HARQ process ID. So eNB and UE can synchronize the HARQ processes in both sides. For semi-persistent scheduling, some packets are transmitted in predefined resources without DL assignment signaling (we call it as persistent transmission in this paper). A set of rules to keep HARQ process IDs synchronously must be established in order to avoid process ID ambiguity in DL semi-persistent scheduling.

This contribution will discuss this problem and propose a feasible solution. It is an update to R2-080120 submitted to RAN2#60bis.

2. Discussion

As shown in Fig 1, eNB schedules the persistent transmission without DL assignment signaling at TTI1. UE decodes the DL persistent transmission and sends feedback (ACK or NACK) to eNB at TTI2. When eNB sends the DL assignment signaling and data for the first retransmission with a new HARQ process ID at TTI3, UE can’t determine whether the persistent transmission in TTI1 and the retransmission in TTI3 are for same HARQ process because there is no HARQ process ID associated with the persistent transmission from UE perspective.
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Fig 1 HARQ process ID ambiguity

In past meetings, some companies had noticed this problem and proposed to reserve some HARQ Process IDs for DL persistent scheduling [1][2]. This idea can resolve the process ID ambiguity well, but have some obvious drawbacks.

The number of reserved HARQ processes is determined by the maximum transmission overlapped at same time, and is further associated with the persistent resource period, RTT, and HARQ limitation. So the number of reserved process should be configurable.

Because the total HARQ process amount is fixed, so the processes used for dynamic scheduling will be determined by semi-persistent scheduling. The efficiency of the reserved processes will be very low by reason of little probability to achieve the HARQ limitation, but the residual processes can not be used to increase the dynamic scheduling. This will decrease the peak rate of dynamic scheduling. We should not eliminate the case in which a VOIP is ongoing with a high speed data service, such as downloading.

Moreover the dynamic scheduling performance is also undetermined since the reserved processes are configurable. It is strange that there are 5 processes for dynamic scheduling in cell A, but only 4 processes for dynamic scheduling in cell B.

One may argue that we can increase the whole processes number. We do not think it is a good solution because more processes will increase the overhead of DL assignment and the equipment complexity.

3. Proposed Solution

We propose a solution which doesn’t increase the total number of HARQ process IDs. The main procedure is described below.

After receiving the persistent transmission, UE will store the received data in unused memory associated with a internal HARQ ID, called ID_Temp. If decoding the data correctly, UE will send an ACK and deliver the data to high layer, there is no necessary to need an actual HARQ process ID in this procedure, shown as Fig 2.
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Fig 2 UE ACKs persistent scheduling

If UE sent a NACK for persistent transmission, eNB will identify the HARQ process ID used actually in eNB for persistent transmission in the DL assignment signalling. UE need to associate the persistent transmission and retransmission to this HARQ process ID. To avoid the ambiguity, eNB always schedules the first retransmission after the feedback occasion for the persistent transmission. The procedure is shown in Fig 3, in which the actual process ID for persistent transmission is 1. After receiving the retransmission in TTI3, the ID_Temp in UE is replaced by 1.
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Fig 3 UE NACKs persistent scheduling

Proposal 1: After NACK for persistent transmission, the eNB always schedules the first retransmission for persistent transmission in all first retransmissions at first.

Only with proposal 1, the ambiguity still exists when several persistent transmissions need retransmissions simultaneously. In this case, the retransmissions can be scheduled in turn according to the order of persistent transmissions. Fig 4 presents the procedure, in which the first retransmission is for the first persistent transmission with process ID 1, and the second retransmission is for the second persistent transmission with process ID 2.
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Fig 4 The retransmission for several persistent transmissions

Proposal 2: If there are several first retransmissions for persistent transmissions, eNB schedules them according to the order of persistent transmissions.

If the retransmission after the ACK of persistent transmission is actually for a dynamic scheduling whose PDCCH is lost before, the UE may think the retransmission is redundant due to ACK→NACK error and discard it. This can be remedy by decoding the retransmission always as new data. The procedure is shown in Fig 5. The possible duplicate detection is handled by RLC.
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Fig 5 The processing for retransmission with new HARQ process ID after UE ACKs persistent scheduling

Proposal 3: UE decodes the retransmissions with new HARQ process ID as new data after sending ACK for persistent transmission and RLC performs duplicate detection.

4. Conclusion

With above solution, the HARQ process ID ambiguity due to semi-persistent scheduling can be solved and don’t increase any overhead for scheduling signalling. We wish RAN2 discuss and adopt the following proposals:

Proposal 1: After NACK for persistent transmission, the eNB always schedules the first retransmission for persistent transmission in all first retransmissions at first.

Proposal 2: If there are several first retransmissions for persistent transmissions, eNB schedules them according to the order of persistent transmissions.

Proposal 3: UE decodes the retransmissions with new HARQ process ID as new data after sending ACK for persistent transmission and RLC performs duplicate detection.
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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].

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.
-   Else if a downlink assignment has been configured for this TTI:
-
allocate the received TB to an unused HARQ process with a internal HARQ ID, called ID_Temp. 
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.
-
if the retransmission is a first retransmission for configured transmission:
-
replaced ID_Temp by process ID indicated by DL assignment for it.
-
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.

-
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 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.

5.3.3
Disassembly and demultiplexing

5.3.4
Scheduling prioritization
After NACK for configured transmission, the eNB always schedules the first retransmission for configured transmission in all first transmissions at first.

If there are several first retransmissions for configured transmissions, eNB schedules them according to the order of configured transmissions.
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