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1. Introduction

HARQ protocol has been discussed a lot in the R5/6 and LTE. Synchronous and asynchronous retransmissions are adopted as the HARQ schemes for FDD and HCR TDD EUL respectively. In this document, we will provide our proposal on choosing the HARQ protocol for LCR TDD.
2. Discussion

2.1 Synchronous or Asynchronous retransmission?

The main benefit of synchronous HARQ used in FDD EUL is the reduction of control signalling, since no explicit process id is needed. But for TDD, some collisions will be introduced if synchronous HARQ is applied.
1. Collisions when ACK being decoded as NACK 
As described in [1], the TDD uplink resources, e.g. timeslot and OVSF code, are shared by all UEs (Unlike FDD, in which each UE is assigned a unique scrambling code).Therefore if ACK is decoded incorrectly as NACK by one UE, it will initiate a retransmission using the same timeslot and code as the last transmission. Simultaneously it is probable for the scheduler to reassign the resources to another UE, which will cause collisions. This is illustrated in figure 1. 
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Figure1：Collisions in synchronous HARQ caused by ACK/NACK error (only for explanation purpose)
2. Collisions between scheduled and non-scheduled transmissions
HSUPA is designed to support GBR services by using non-scheduled transmission mode. For TDD, timeslots and channelization codes are proposed to be reserved periodically to support non-scheduled transmission [2].Thus, if synchronous retransmissions are used, collisions may happen between scheduled and non-scheduled transmission. This is illustrated in figure 2.
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Figure2：Collisions in synchronous HARQ between scheduled and non-scheduled transmission (only for explanation purpose)
Based on the above analysis, we propose asynchronous retransmissions should be adopted for the LCR TDD EUL.

2.2 Non adaptive or Adaptive?
As described in [3], the various forms of HARQ schemes can be further classified as adaptive or non-adaptive in terms of transmission attributes, e.g., the resource allocation, modulation and transport block size etc. 
“Adaptive” implies the transmitter may change some or all of the transmission attributes used in each retransmission as compared to the initial transmission (e.g. due to changes in the radio conditions). Hence, the associated control information needs to be transmitted with each retransmission.

“Non-Adaptive” implies that changes, if any, in the transmission attributes for the retransmissions, are known to both the transmitter and receiver at the time of the initial transmission. Hence, the associated control information need not be transmitted for the retransmission.
With those definitions, the HS-DSCH in WCDMA uses an adaptive, asynchronous HARQ scheme, while E-DCH in FDD uses a synchronous, non-adaptive HARQ scheme.
As for adaptive HARQ, scheduling is more flexible and efficient since the transmission attributes can be changed dynamically based on the radio conditions. Since asynchronous retransmissions are proposed to be used in TDD EUL, time interval between initial transmission and retransmissions may be long and unpredictable. Using predefined transmission attributes are not suitable. Therefore we propose adaptive HARQ scheme should be used for LCR TDD EUL. 
To reduce the overhead of control information, less adaptive HARQ may be considered. For example, if only chase combining is permitted, it is unnecessary to transmit the RV (Redundancy Version) parameters with retransmission. The UTRAN configures the UE to either use the same incremental redundancy version (RV) for all transmissions or decide RV adaptively and inform Node B via explicit signalling.
Taking the above analysis into account, we propose adaptive HARQ should be used for the LCR TDD EUL.

3. Conclusion and Proposal

Based on the characters of LCR TDD, we propose asynchronous, adaptive HARQ protocol should be used in LCR TDD EUL. According to [2] and [4], a text proposal to TR [5] is provided. We would like to request RAN2 to review and agree the text proposal.
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8
HARQ protocol

8.1
General Principle

The HARQ protocol has the following characteristics:

-
Stop and wait HARQ is used;

-
The HARQ is based on synchronous downlink ACK/NACKs;

-
The HARQ is based on asynchronous retransmissions in the uplink;
-
The number of HARQ process is FFS;

-  The detailed timing relation is FFS;  









There will be an upper limit to the number of retransmissions. The UE decides on a maximum number of transmissions for a MAC-e PDU based on the maximum number of transmissions attribute (see subclause 11.1.1) according to the following principles:

· The UE selects the highest maximum number of transmissions among all the considered HARQ profiles associated to the MAC-d flows in the MAC-e PDU;

· Further optimisations such as explicit rules set by the SRNC are FFS.
· Incremental redundancy shall be supported by the specifications with Chase combining a subcase:

· The first transmission shall be self decodable

· The UTRAN configures the UE to either use the same incremental redundancy version (RV) for all transmissions, or to decide RV adaptively and inform Node B via explicit signalling.;

8.2
Error handling

The most frequent error cases to be handled are the following:

-
NACK is detected as an ACK: The previously transmitted data block is discarded (retransmission is left up to higher layers). When the next Grant is received, the UE starts afresh by transmitting new data (it may reuse the HARQ process Id.) or by retransmitting data associated with some other HARQ process Id.;

· ACK is detected as a NACK: The UE cannot retransmit a data block until an Absolute Grant is received;

8.3
Signalling

8.3.1
Uplink

HARQ Process Identifier, RV parameters and New Data Indicator (NDI) are signalled on the E-UCCH.

8.3.2
Downlink

In the downlink, a report is used to indicate either ACK (positive acknowledgement) or NACK (negative acknowledgement).
~~~~~~~~~~~~~~~~~~~~~~~~~~End of Text Proposal~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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