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1 Introduction
In previous RAN2#58, a text was proposed to stage 3 MAC specification on UL-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 UL HARQ at the UE is different in TDD compared to that of FDD. In this contribution, we discuss HARQ operation in TDD UL 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]
UL grant: 
Due to the UL/DL sub-frame allocation, a number of UL grants corresponding to a number of UL sub-frames may need to be transmitted in one DL sub-frame. For example, UL grants corresponding to sub-frame#1, 2, 3 and 4 would need to be transmitted in DL sub-frame#0 in frame format (4). The sub-frame for which the grant is applicable may be indicated by a bit map. For the example given, the bit map consists of four 1 bit fields each corresponding to a UL sub-frame. This forms a part of the UL grant as illustrated in Figure 2 

[image: image2]
Figure 2: illustration of UL grant channel in TDD

This also facilitates the allocation of multiple grants to a UE with one grant channel reducing the signalling overhead. Note that the signalling of UL grants for consecutive UL sub-frames may be performed at the last DL sub-frame.  
Upon reception of the UL grant channel, the UE should identify which sub-frame(s) the grant is applicable for and also the associated grant parameters for each allocated sub-frame.  This information should be delivered to the corresponding HARQ entity.
HARQ operation:
Synch HARQ can be realised in TDD via pre-assignment of resources for re-transmission w.r.t. the first transmission. Note that the frame formats 1-4 follow 5ms repetition patterns and frame formats 5-8 follow 10ms repetition patterns.
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Figure 3: Resource assignment for synch-HARQ in TDD

The possible assignment of resources for re-transmission in a synchronous manner is shown in Figure 3 for frame formats 1-4. Simple repetition patterns can be realised for frame formats 1-3.however, a slightly different pattern is required for frame format 4. This is because; the 5th sub-frame can not be ACK/NACKed in the 6th sub-frame due to the processing delay. As such the re-transmission of the packet transmitted on the 5th sub-frame should be delayed until the first sub-frame of the next 5ms period (12th sub-frame). According to the resource allocation pattern shown in Figure 3, number of HARQ processes and HARQ-RTT can be calculated as listed in Table 1. The average HARQ-RTT is calculated assuming 1ms processing at the eNodeB and UE.

Table 1: HARQ RTT and number of HARQ processes in synch-HARQ

	Frame format
	Average HARQ-RTT
	# of HARQ processes

	1
	5ms
	1

	2
	5ms
	2

	3
	5ms
	3

	4
	6.4ms
	5


As shown in Table 1, the number of HARQ processes does not equal the HARQ RTT as defined for FDD in [1]. For TDD, the number of HARQ processes equals to the number of UL sub-frames in a HARQ-RTT. 

Reception of ACK/NACK:
A number of ACK/NACKs corresponding to a number of UL transmissions may be transmitted together in DL. i.e. multiple ACK/NACKs. Upon reception of the multiple ACK/NACK, the UE should inform the corresponding HARQ entity of the received ACK/NACKs for multiple HARQ processes.
3 Conclusion
The base-line procedure required by the UE for operation of UL HARQ in TDD is discussed. Three main differences compared to the operation of HARQ in FDD are identified. 
1). The UE behaviour upon reception of the UL grant

2). The number of HARQ processes 

3). The UE behaviour upon reception of ACK/NACKs

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.

4 References
[1] R2-07xxxx, “MAC Stage 3 proposal for UL HARQ”, Ericsson, Qualcomm Europe, RAN2#58bis.

[2]  R1-073147, “Frame configurations for TDD frame structure type 1”, IPWireless, RAN1#49bis
~ start ~

5.4
UL-SCH data transfer

Editor’s note:
This subclause describes normal operation of UL data transfers over UL-SCH including considerations for DRX.
Editor’s note: Handling of semi-persistent scheduling is not yet captured.

Editor’s note:
If there is no valid uplink grant, invoke SR procedure. 

5.4.1
UL Grant reception
Editor’s note:
This subclause describes the procedure for handling reception of UL scheduling grants.
For each TTI in FDD:

-
If an uplink grant has been received in a TTI on the [SCCH]:


-
Indicate a dynamic uplink grant and the associated HARQ info to the HARQ entity for this TTI;

-
otherwise: 


-
Indicate to the HARQ entity that no uplink grant is valid for this TTI;
For each DL TTI in TDD frame structure type 1:

-
If an uplink grant has been received in this TTI on the [SCCH]:


-
Indicate a dynamic uplink grant(s) and the associated HARQ info to the HARQ entity for the corresponding HARQ process(es);

-
otherwise: 


-
Indicate to the HARQ entity that no uplink grant is valid for the corresponding TTI;

5.4.2
HARQ Operation

Editor’s note: This subclause describes the operation of uplink HARQ including handling of feedback and aspects related to DRX.
Note:
Whether resource allocation and modulation and coding scheme can be adapted for retransmissions is FFS.
5.4.2.1
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. A number of parallel HARQ processes are used in the UE to support the HARQ entity, allowing transmissions to take place continuously while waiting for the feedback on the successful or unsuccessful reception of previous transmissions.

At a given TTI, if an uplink grant is valid for the TTI, the HARQ entity identifies the HARQ process for which a transmission should take place. Also, based on the timing, it routes the receiver feedback (ACK/NACK information), relayed by the physical layer, to the appropriate HARQ process.
For TDD frame structure type 1, it is possible to receive single or multiple ACK/NACKs in a DL TTI.
For FDD, the number of HARQ processes is equal to the HARQ round-trip-time (HARQ_RTT). The HARQ_RTT is equal to [X] TTIs. Each process is associated with a number from 0 to HARQ_RTT-1. 
For TDD frame structure type 1, the number of HARQ processes equals the number of UL TTIs in a HARQ RTT. Each process is associated with a number from 0 to X-1, where X denotes the number of HARQ processes.
At the given TTI, the HARQ entity shall:

-
if an uplink grant is valid for this TTI that indicates a new transmission:

-
notify the “uplink prioritisation” entity that the TTI is available for a new transmission;

-
if the "uplink prioritisation" entity indicates the need for a new transmission:

-
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity;

-
instruct the HARQ process corresponding to this TTI to trigger the transmission of this new payload using the identified parameters.

-
else:
-
if an uplink grant is valid for this TTI that indicates a re-transmission; or

-
if no uplink grant is valid for this TTI and the buffer is not empty:
-
instruct the HARQ process to generate a re-transmission.
Editor’s note: Method for conveying new transmission / retransmission information through the uplink grant is FFS.

5.4.2.2
HARQ process

Editor’s note.
This subclause describes the operation of the HARQ processes including handling of feedback and DRX aspects.
Each HARQ process is associated with a physical buffer (HARQ buffer).

Each HARQ process maintains the state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC PDU currently in the buffer. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0.

If the HARQ entity provides a new PDU, the HARQ process shall:

-
set CURRENT_TX_NB to 0; 

-
set CURRENT_IRV to 0;

-
store the MAC PDU in the associated HARQ buffer;

-
generate a transmission as described below.

If the HARQ entity requests a re-transmission, the HARQ process shall:

-
if an uplink grant is received on [SCCH]:


-
set IRV to the value indicated in the uplink grant;

-
generate a transmission as described below.
Editor's note:  It is FFS how IRV is set if there is a persistent uplink grant.
It is FFS how IRV is set if there is a multiple TTI allocation within one UL grant for TDD frame structure type 1.
To generate a transmission, the HARQ process shall:

-
instruct the physical layer to generate a transmission with the redundancy version corresponding to the IRV value and the transmission timing;

-
if CURRENT_IRV < Y:

-
increment CURRENT_IRV by 1;

-
increment CURRENT_TX_NB by 1;

The HARQ process shall:

-
if an uplink grant is valid for this TTI that indicates a new transmission; or

-
if no uplink grant is valid for this TTI and an ACK is received; or

-
if CURRENT_TX_NB ≥ maximum number of transmissions configured:

-
flush the HARQ buffer;

~ end~
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