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1 Introduction
General aspects of the HARQ scheme for 1.28Mcps TDD enhanced uplink are covered in [1]. As we can see, stop and wait HARQ, asynchronous uplink and synchronous downlink HARQ scheme is adopted. There are however, some physical layer aspects concerning user equipment and Node-B capabilities which affect signal timings and the duration of the HARQ cycle (this also being of relevance to the number of HARQ processes). HARQ timing should be well defined so that Node-B controlled scheduling efficiency and resource utilization efficiency can be promoted, and HARQ retransmission delay can be reduced.
The general HARQ scheme for 1.28Mcps TDD enhanced uplink is shown in Figure 1, which is similar to that for 3.84Mcps TDD illustrated in [2].
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Figure 1: HARQ scheme
As shown, the E-DCH transmission is related to the E-AGCH granting the transmission t1 slots earlier. There is thus a minimum time nE-AGCH ≤ t1 required between the start of the E-AGCH and the first active slot of the sub-sequent E-DCH transmission during which the UE must:

· Receive and demodulate the E-AGCH

· Decode the E-AGCH

· Perform E-TFC selection (and other MAC-e processing)
· Encode the E-DCH

Additionally, the ACK/NACK contained in the E-HICH is related to the E-DCH transmission ending t2 slots earlier.  A minimum time nE-HICH ≤ t2 is therefore required between the start of the last active slot of the E-DCH transmission and the start of the transmission of the ACK/NACK on E-HICH, during which the Node-B must:
· Receive and demodulate the last E-DCH slot
· Decode the E-DCH

· Encode and modulate the E-HICH

There is no synchronous relationship between ACK/NACK and a subsequent E-DCH transmission using the same HARQ process (asynchronous retransmissions are employed requiring further grants). As such, the only event that needs to have occurred before a HARQ process can be re-used is that the UE must have decoded the ACK/NACK on E-HICH.
In terms of the time nE-AGCH, it is assumed that the current specification for the minimum time duration between HS-SCCH and HS-DSCH would be appropriate also for the time to decode E-AGCH, because the transmitted block size and coding procedure for E-AGCH are similar to that for HS-SCCH. However, for enhanced uplink, the UE must also run the MAC-e TFC selection process and must encode the E-DCH itself prior to the active slots, and time must be factored in for these extra processes compared to the HSDPA scenario. Given that for Rel-5/6 the minimum HS-SCCH-to-HS-DSCH time interval is specified as nHS-SCCH = 3 in TS 25.221, it is thus assumed reasonable that a similar parameter nE-AGCH = 5 is specified for enhanced uplink (as shown in Figure 2).  This allows some extra time for the additional MAC-e and transmit TrCH processing tasks mentioned above. Note that the figure only shows the E-AGCH that carries the E-DCH related information for the given UE and that DwPTS and UpPTS are not considered in this figure.
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Figure 2: minimum timing relationship between E-AGCH and E-DCH transmission
The time t2 depends heavily on the Node-B implementation and processing power (predominantly in the area of joint detection and turbo decoding).  Assuming an E-DCH block size of approximately 12,000 bits in a 5ms TTI (2.4Mbps), it is clear that for example a 5 Mbps decoder at the Node-B would require about 4 slots to decode the transport block and form an ACK/NACK decision. Time for joint detection must also be taken into account; for example, joint detection with different algorithms and different number of antennas would consume different operation time. It should also be noted that for smaller block sizes (for example a network implementation in which the maximum transport block size is not used), the time required for decoding a particular E-DCH transmission from a UE is reduced.
However, Node-B implementations may vary and these may be accommodated with minimal impact on the UE.  Thus, it is proposed that to allow for various network configurations and Node-B implementations, and to pro-vide the possibility for reduced HARQ cycle time (and hence reduced retransmission latency) with future implementations, the minimum time nE-HICH is made configurable via higher layer signalling.
Hence, reasonable values for nE-HICH are considered to range from 4 slots (for higher end implementations or implementations with fewer operation cycles, and the possible promotion of processing power of Node-B in future is also taken into account) through to 15 slots (for lower end implementations or implementations with more operation cycles) whilst still meeting a HARQ cycle time of ≤ 4 subframes.
Examples of variable nE-HICH are shown in Figure 3. Note that the figure only shows the E-HICH that carries the E-DCH related information for the given UE, and that DwPTS and UpPTS are not considered in this figure.
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Figure 3: examples of variable nE-HICH
The length of time taken by the Node-B to decode the E-DCH thus has an influence on the number of required HARQ processes.  Next, the number of required HARQ processes will be illustrated in Figure 4 on the basis of nE-AGCH=5 slots and nE-HICH=15 slots; and it is assumed that E-PUCH transmissions occupy 5 slots with the maximum transport block size.
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Figure 4: illustration of the number of required HARQ processes
It can be seen that the number of required processes is determined by T1 and T2; and the larger the transmitted TBS is, the larger T2 will be, and so more processes will be required. The interval T3 between reception of E-HICH and reception of a Grant for a subsequent transmission (or retransmission) is variable and decided by Node-B scheduling.

In Figure 4, when E-HICH related to process 1 is received by UE in subframe #5, process 4 will be used in subframe #6 and the decoding of E-HICH related to process 1 will be completed in subframe #6; then, process 1 can be reused in subframe #7.
As shown, on the basis of settlement of nE-AGCH and nE-HICH, 4 processes will be adequate to guarantee the HARQ cycling.
Allowing for further reduction of nE-AGCH and nE-HICH (for further promotion of Node-B and UE processing power), the number of HARQ processes may also be required to be configurable (up to 4) by higher layers, so as to decrease the delay of retransmission.
2 Conclusion
Some physical layer considerations have been discussed regarding HARQ signal timings for 1.28Mcps TDD enhanced uplink.

It is proposed that the minimum time between the start of an E-AGCH grant and the start of the associated E-DCH transmission is set to 5 timeslots.  This is based upon the similar 3-slot grant-to-reception timing in the UE for TDD HSDPA (HS-SCCH to HS-DSCH) with some extra time allowed in the UE for MAC-e processing and E-DCH encoding.

It is further proposed that the minimum time between the start of the last E-DCH timeslot and the start of the associated E-HICH is dependent upon Node-B implementation and should be configurable via higher layer signalling.  The UE assumes that the ACK/NACK pertaining to a transmitted E-DCH TTI will be contained within the first E-HICH after a time corresponding to the last E-DCH timeslot plus the configured minimum time interval.
A text proposal to TR25.827 [3] is provided in this document capturing these timing-related aspects.  Some of the general aspects of HARQ in [1] are also captured.
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6
Hybrid ARQ Scheme

6.1
HARQ Scheme for TDD Enhanced Uplink
6.1.1
General

A parallel stop-and-wait HARQ protocol is employed supporting incremental redundancy.

6.1.2
Timing Aspects

Transmission resources (timeslots/codes/power) are allocated by the Node-B scheduler by means of E-AGCH.  The E-DCH transmission is acknowledged by a subsequent E-HICH using a synchronous timing relationship.

An overview of the general HARQ scheme is shown in figure 6.1.2.1.
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Figure 6.1.2.1: HARQ scheme

A minimum number of slots is required between the start of the E-AGCH and the start of the first active slot of the subsequent E-DCH transmission to allow for UE processing.  This interval is denoted nE-AGCH and is equal to [5] slots (see figure 6.1.2.2).  Upon receiving an E-AGCH, the UE shall assume that the transmission resources indicated are the first instances of those resources (timeslots/codes) existing after a time instant corresponding to the start of the E-AGCH timeslot plus [5] slots.  Note that DwPTS and UpPTS are not considered here.
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Figure 6.1.2.2: minimum timing relationship between E-AGCH and E-DCH transmission
A minimum number of slots is also required between the start of the last active slot of the E-DCH TTI and the start of the transmission of the ACK/NACK on E-HICH.  This interval is denoted nE-HICH and is configurable by higher layers within the range 4 to 15 timeslots.  Following transmission of an E-DCH TTI, the UE shall assume that the transmission will be acknowledged in the first instance of the E-HICH after a time instant corresponding to the start of the last E-DCH timeslot plus nE-HICH slots.  Examples of variable nE-HICH are shown in figure 6.1.2.3, and DwPTS and UpPTS are not considered.
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Figure 6.1.2.3: examples of variable nE-HICH
6.2
Signalling Information Required for the Support of HARQ

E-UCCH is used to carry uplink signaling required for HARQ.  The E-UCCH contains the following HARQ-related parameters:

· HARQ process ID ([2] bits)

· Retransmission Sequence Number (RSN) – (2 bits)

The redundancy version (RV) of the E-DCH transmission is associated with the RSN <details FFS>.

HARQ-related parameters which are configured by higher layers include:

· nE-HICH in slots (see section 6.1.2)

· The number of HARQ processes (up to 4)
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