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1. Introduction

At RAN2#53, the HARQ protocol for 1.28Mcps TDD Enhanced Uplink was discussed and  the general principles such as asynchronous retransmission etc have  been agreed and added into TR30.302. In this document, we will further discuss the Timing relation and signalling parameters .
2. Discussion

2.1 HARQ Timing relation
During the last meeting, the following characteristics of the HARQ protocol have been agreed for the  1.28Mcps TDD Enhanced Uplink:
-
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 same rules are also applied in the 3.84Mcps TDD Enhanced Uplink. The HARQ Timing relationship for HCR has been discussed and approved at RAN2#48 , which is based on the above rules[1]. Therefore the agreed Timing relationship used in HCR is also suitable for the LCR Enhanced Uplink except that  subframe instead of frame should be used to evaluate the timing relation.
Two parameters are defined to describe the Timing relation. T1 is the difference between the index of the subframe in which Absolute Grant is received and the index of the frame in which the UE must transmit/retransmit data, e.g. if an Absolute Grant is received in SubFrame (i) and data must be transmitted/retransmitted in SubFrame (i+3) then T1 = 3. T2 is the difference between the index of the subframe in which a data block is transmitted/retransmitted and the index of the subframe in which ACK/NACK is received for that data block, e.g. if a data block is sent in SubFrame (k) and ACK/NACK is received in SubFrame (k+2) then T2=2.
The HARQ RTT(Round Trip Time) has been analyzed for FDD in [2]. 8 processes for 2 ms TTI and 4 processes for 10 ms TTI are approved. For the LCR TDD Enhanced Uplink,  the TTI length is equal to one subframe, namely 5ms. As shown in figure1[2], two TTIs may be needed for the Node B to decode the MAC-e PDU, make scheduling decision and send ACK/NACK to UE in the worst case. However, in the TDD mode, E-HICH used to transmit ACK/NACK exists only in one timeslot and not expand to a whole TTI. Thus the BS time budget together with the ACK frame duration will occupy two subframes, namely 10ms. One subframe is enough for the UE to decode E-HICH and construct the data block.Therefore the HARQ RTT is about 20ms(4 subframes). Four HARQ processes will be enough to support continuous scheduling. A similar document about the HARQ process number and the timing relation is also submitted to RAN WG1[3].
As proposed in HCR[4], some HARQ processes should be reserved to support non-scheduled transmission. A total number of 8 processes are suggested(4 for scheduled transmissions and 4 for non-scheduled transmissions). The same rules are also suitable for LCR TDD. However, in our understanding,  the HARQ process id can be reused since the scheduled resource and non-scheduled resource can not be assigned simultaneously in the same TTI and Node B can differentiate the resource type of the incoming transmission. Thus it is possible to use 2 bits to denote the process id. But the two schemes need to be further evaluated.
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Figure1: HARQ RTT evaluation
2.2 Signalling Parameters

Adaptive HARQ with asynchronous retransmission has been agreed as the HARQ protocol for the LCR TDD. However whether RV and NDI or RSN should be used as the HARQ signalling is still FFS. 
The benefit of transmitting  RV and NDI is that the UE can dynamically choose the  redundancy version according to e.g. the assigned uplink resource and radio condition.  RSN(Retransmission Sequence Number) can also be used to implicitly inform  Node B the redundancy version through a pre-defined mapping table between RSN and RV. Compared to “RV+NDI”, using RV can decrease the signalling overload and improve the robustness, since an internal counter located in Node B can be realized to detect the RSN error. 
To keep commonality with FDD and HCR TDD, we propose RSN should be used for the 1.28Mcps TDD Enhanced Uplink. 
3 Proposal
Based on the analysis above, changes to TR30.302[5] are proposed. RAN2 is requested to review and approve this TP.
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-------------------------------------1st change---------------------------------------------------

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.

T1: 
difference between the index of the subframe in which Absolute Grant is received and the index of the subframe in which the UE must transmit/retransmit data, e.g. if an Absolute Grant is received in SubFrame (i) and data must be transmitted/retransmitted in SubFrame (i+3) then T1 = 3.

T2:
difference between the index of the subframe in which a data block is transmitted/retransmitted and the index of the subframe in which ACK/NACK is received for that data block, e.g. if a data block is sent in SubFrame (k) and ACK/NACK is received in SubFrame (k+2) then T2=2.
-------------------------------------End of 1st change---------------------------------------------------

-------------------------------------2nd change---------------------------------------------------

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;

-
There are 8 processes (4 for scheduled transmissions and 4 for non-scheduled transmissions);
· If an Absolute Grant is received in Subframe (i) then the UE transmits a data block in Subframe (i+T1)

· For a data block transmitted in Subframe (i+T1) the UE receives an ACK/NACK in Subframe (i+T1+T2), E-HICH is decoded on the basis of slots and channelisation codes assigned via the Grant [5].

· If NACK is received in Subframe (i+T1+T2) then the UE cannot retransmit any data block previously transmitted in Subframe (i+T1) (now stored for potential retransmission) until it receives an Absolute Grant. 

· The interval T3 between reception of NACK and reception of a Grant for a subsequent retransmission is variable and depends on a Node B scheduling decision. 
· If an ACK is received in Subframe (i+T1+T2) then data blocks previously transmitted in Subframe (i+T1) (stored for potential retransmission) are discarded and the HARQ process identity associated with the previously transmitted data blocks can now be reassigned.

· The number of HARQ processes is a function of T1 and T2 
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Figure 8.1.1: TDD E-DCH HARQ
-
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 set the RV according to the set of rules based on E-TFC, Retransmission Sequence Number (RSN) and the transmission timing;
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 and Retransmission Sequence Number (RSN) 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 2nd change---------------------------------------------------
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