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1. Introduction
[1] captured the principle features of the H-ARQ timing relation applicable to FDD mode, but some details of FDD H-ARQ timing remain unspecified. This contribution outlines text to complete the specification of FDD mode H-ARQ timing.
2. Remaining Details of Full Duplex Timing
As captured in [1], the offline discussion on H-ARQ timing in Athens concluded:
• the maximum number of hybrid ARQ processes to 8 for FDD (max Nproc=8)

• UE processing time is 3 ms minus the propagation roundtrip time (TRx=3 ms – 2Tp)
With respect to Figure 1, this definition of UE processing time is sufficient to define tUE_DL. Arguably, the corresponding definition of Nproc (also referred to as N_HARQ here) is also sufficient to define teNB_DL since from the figure teNB_DL = N_HARQ – (2Tp + 2 + tUE_DL) = 3ms.
Nevertheless, the complementary timing definition between the UE uplink UL-SCH transmission and the PHICH response from the eNB not defined by the adopted text, where either tUE_UL or teNB_UL must be defined. Accordingly, from Figure 1, it is proposed to clarify that teNB_UL = 3ms and so tUE_UL = 4 ms – 2Tp.
The following text is then proposed to complete the FDD timing specification, where the precise timing reference (e.g. at the UE antenna connector) would be defined by RAN4.
Start Text Proposal
H-ARQ timing is specified by the parameter values of Table X, and the one-way propagation delay 
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With respect to downlink transmission, and re-transmission, of a transport block or blocks carried over the DL-SCH, the UE reception and transmission timing is configured such that:
a) the delay, observed at the UE, from the end of reception of a downlink subframe containing a PDSCH transmission to the beginning of transmission by the UE of the corresponding uplink subframe containing a response, such as a PUCCH H-ARQ response or a subsequent PUSCH transmission, shall be equal to tUE_DL, and
b) the delay, observed at the UE, from the beginning of reception of a downlink subframe containing a PHICH response to a prior PUSCH transmission to the beginning of transmission by the UE of the uplink subframe containing a subsequent PUSCH transmission or re-transmission, shall be equal to  tUE_UL
With respect to the uplink transmission, and re-transmission, of a transport block or blocks carried over the UL-SCH, the eNB reception and transmission timing is configured such that:
a) the delay, at the eNB, from the end of reception of a PUCCH H-ARQ response to a prior PDSCH transmission to the beginning of a subsequent PDSCH transmission or re-transmission shall be equal to teNB_DL
b) the delay, at the eNB, from the end of reception of a PUSCH transmission to the beginning of transmission of a subframe containing a corresponding PHICH H-ARQ response shall be equal to teNB_UL
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	teNB_DL
	3 ms

	teNB_UL
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Table 1 – FDD H-ARQ timing parameters.
End Text Proposal

3. Maximum Timing Advance
In determining a maximum value of cell radius that should be supported by LTE, a number of different considerations can be applied, including UE timing constraints, applicable link budgets, TR 25.913 requirements (“up to 100 km: should not be precluded by the specifications”), and contemporary 2G and 3G deployments. Considering these, the TR 25.913 specified value of 100km appears reasonable and should be adopted.
Start Text Proposal
The maximum one-way propagation delay value 
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, corresponding to a maximum one-way propagation distance of 100km.
End Text Proposal
4. Conclusions

This contribution outlines text required to complete the specification H-ARQ timing for FDD mode.
5. References
[1] R1-073871, Ericsson, Qualcomm, Nokia, Nokia Siemens Networks, Samsung, Motorola, LG Electronics, Nortel, Philips, NXP Semiconductor, “Maximum Number of Hybrid ARQ Processes”, RAN1#50, Athens, Greece, 20 – 24 August 2007


[image: image6.emf]DL-SCH

ACK

ACK

DL-SCH

eNB Tx

UE Rx

UE Tx

eNB Rx

tUE_DL = K

A

-2Tp

teNB_DL

DL-SCH

ACK

ACK

DL-SCH

UE Rx

UE Tx

eNB Rx

teNB_DL = N_HARQ 

–(2Tp+2+t_UE_DL) = 3ms

ZERO DELAY

MAX DELAY

(D km)

Timing 

Advance

Ta = Tp

DL+UL TIMING ANALYSIS –

D

 km

eNB Tx

eNB Tx

Tp

K

A

 ms

DOWNLINK

Invariant.

UL-SCH

UL-SCH

UE Tx

eNB Rx

UL-SCH

UL-SCH

UE Tx

Tp

A

C

K

eNB Tx

A

C

K

A

C

K

eNB Tx

A

C

K

UE Rx

Tp

UE Rx

teNB_UL = N_HARQ 

–(K

A

+ 2) = 3ms

A

C

K

tUE_UL = K

B

-2Tp = 4ms –2Tp

eNB Tx

A

C

K

UE Tx

A

C

K

eNB Tx

A

C

K

UE Rx

Tp

UE Rx

K

B 

= N_HARQ – K

A 

–1 = 4

UPLINK

ZERO DELAY

MAX DELAY (D km)

8 7 6 5 4 3 2 1 0

N_HARQ = 8


Figure 1 – FDD H-ARQ timing diagram.
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