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1 Introduction
In previous RAN2#58, a text was proposed to stage 3 MAC specification on DL-HARQ operation. An update is proposed in [1]. The text is proposed mainly considering the HARQ operation in FDD networks. Due to the use of different frame formats, the procedure for handling DL HARQ at the UE is different in TDD compared to that of FDD. In this contribution, we discuss HARQ operation in TDD DL and identify the differences in UE behaviour in comparison to the operation in FDD. A Text proposal capturing the modification required for the operation in TDD compared to that of FDD is also proposed.
2 Discussion
TDD frame formats:
The required frame formats for TDD frame structure type 1 is proposed in [2]. Eight frame formats are proposed to allow for DL/UL load asymmetry and coexistence with the HCR UTRA-TDD. Signalling overhead, testing complexity, number of switching points, transmission latency and simplicity of operation are considered in the decision.  In addition, it is also possible to configure the cell to be in DL only mode (dedicated DL carrier). A total of nine frame configurations are proposed for TDD operation in LTE. The proposed TDD frame configurations in [2] are copied below for information.
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Figure 1. The proposed TDD frame configuration in LTE [2]
HARQ operation:
Asynchronous HARQ operation in TDD DL is illustrated in Figure 2. The arrows point to the location of ACK/NACK transmission in UL. In frame format (1), the ACK/NACKs corresponding to data received in sub-frame #0, 1, and 2 can be transmitted in UL sub-frame #4. However, the data received in sub-frame #3 can not be ack/nacked in sub-frame #4 due to the processing delay. Therefore, this is signaled in sub-frame #9 together with the ACK/NACK for sub-frame # 5, 6, and 7.
Similarly, ACK/NACK for data received in sub-frame #0 and 1 can be signaled in UL sub-frame# 3 and the ACK/NACK corresponding to sub-frame # 2 is transmitted in sub-frame #4. It is also possible to transmit ACK/NACK for all three DL sub-frames in 2nd UL sub-frame, i.e. sub-frame# 4.

After receiving NACK, re-transmissions can be scheduled in any of the DL sub-frames (asynchronous HARQ).
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Figure 2: ACK/NACK transmission for DL data transmission in TDD 
In FDD, the ACK/NACK transmission is constrained by the processing delay at the UE. In addition to this, the TDD frame format (location of UL transmission sub-frame) also constrains the ACK/NACK transmission in TDD. This also controls the possible number of HARQ processes. Even though, the re-transmission can be scheduled anytime upon reception of the NACK, the number of HARQ processes depends on the delay incurred from the transmission of ACK/NACK. For example, frame format (2) allows for 3 HARQ processes while frame format (3) allows only 2 HARQ processes.
Transmission of ACK/NACK:
The transmission of ACK/ANACK may also be different in TDD compared to the operation in FDD. In FDD, a one-to-one mapping between DL sub-frame and UL sub-frame is commonly assumed.  However, this assumption does not always hold as pointed out in [3], especially for lower bandwidth systems and when multiple frames are reserved for RACH (e.g. large cell).  The common assumption is that the ACK/NACK for DL data can be transmitted in a synchronously-linked UL sub-frame. If true, this would require single ACK/NACK transmission at a given sub-frame for non-MIMO case* although as mentioned this may not always be the case.
*(Note that MIMO operation requires 2bits for ACK/NACK signalling). 
For TDD, due to the absence of a symmetric UL/DL pair in TDD, multiple ACK/NACK transmission in a given sub-frame is required. At the UE, the ACK/NACK corresponding to multiple DL transmission should be grouped and processed for single UL transmission. The preparation of ACK/NACK transmission and the scheduling may be performed by the HARQ entity at the UE.

3 Conclusion
The base-line procedure required by the UE for operation of DL HARQ in TDD is discussed. Two main differences compared to the common assumption+ on operation of HARQ in FDD are identified. 
1). The effect of TDD frame format on the number of HARQ processes 

2). The UE behaviour in transmitting the ACK/NACKs for the received DL data.
A text proposal capturing the identified differences w.r.t. [1] is also attached. RAN2 is requested to discuss the issues raised in this contribution and capture the text proposal in MAC stage 3 if agreeable.
+the validity of this commonly-held assumption for FDD should be checked, especially for the case of narrow bandwidth systems where the RACH can remove ACK/NACK signalling opportunities on certain UL sub-frames, in which case multiple ACK/NACK may be required within a 1ms UL TTI
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5.3
DL-SCH data transfer

Editor’s note:
This section describes the reception of data in the UE.
Editor’s note: Handling of semi-persistent scheduling is not yet captured.

5.3.1
DL Assignment reception

Editor’s note:
This section describes the different assignment methods.
For each TTI:

-
If a downlink assignment has been received for this TTI on the [SCCH]:


-
Indicate a dynamic downlink assignment and the associated HARQ info to the HARQ entity for this TTI;

-
otherwise: 


-
Indicate to the HARQ entity that no downlink assignment is valid for this TTI;

5.3.2
HARQ operation

Editor’s note:
This section describes the HARQ operation including handling of feedback and aspects related to DRX.
Note:
Additional optimisations (e.g. less adaptive/synchronous) are FFS.
5.3.2.1
HARQ Entity

Editor’s note: This subclause describes the overall structure (including number of HARQ processes) and function of the HARQ entities.
There is one HARQ entity at the UE which processes the HARQ process identifiers received on the [SCCH] associated with MAC PDUs 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 configured by upper layers [FFS]:
Note: The number of HARQ processes is a function of the frame format used in TDD frame structure type 1.
For a received MAC PDU the UE shall:

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

-
allocate the received MAC PDU to the HARQ process indicated on the [SCCH];
For TDD frame structure type 1, 

    - if multiple ACK/NACK transmission has been configured for a given UL TTI:

- prepare the multiple ACK/NACK corresponding multiple HARQ process for the transmission in the UL TTI.
- schedule the multiple ACK/NACKs for the transmission in the UL TTI.
5.3.2.2
HARQ process

Editor’s note:
This section describes the general HARQ procedure including handling of feedback and aspects related to DRX.
The HARQ process processes the [New Data Indicator] indicated from the HARQ entity for each received MAC PDU.

The UE shall:

-
if the [New Data Indicator] indicates a new transmission in this HARQ process [It is FFS how this indicator is coded]:
-
replace the data currently in the soft buffer for this HARQ process with the received data.
-
if the [New Data Indicator] indicates a retransmission in 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 data in the soft buffer has been successfully decoded and no error was detected:

-
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;

-
for FDD, schedule the generated positive or negative acknowledgement for transmission. The time of transmission relative to the reception of data in a HARQ process is FFS.
~ end~
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