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1. Introduction
For LTE, the same basic hybrid ARQ protocol as for HSPA is used, namely N parallel hybrid ARQ processes, each implementing a stop-and-wait protocol. Each hybrid ARQ process has a certain amount of soft buffer memory in order to implement soft combining. 
The number of hybrid ARQ processes should be selected as small as possible to minimize the delays associated with hybrid ARQ retransmissions. At the same time, a too small number may not be feasible to implement. Thus, there is a trade-off between these two requirements. For TDD, the number of processes required also depends on how subframes are allocated to UL and DL. This contribution proposes a number of hybrid ARQ processes for FDD as well as TDD (both frame structures) considering processing delays.

2. Number of hybrid ARQ processes – FDD

The number of hybrid ARQ processes in FDD was analyzed in R1-073027 and the results are summarized below for convenience.

2.1. Number of processes
The timing for downlink and uplink transmissions in case of FDD is illustrated in Figure 1 and Figure 2, respectively. As seen in the figures, the number of processes depends on the propagation delay (TA=2Tp-TUL-DL), as well as the processing speed in the UE and the eNodeB.

The processing speed in the UE and the eNodeB is highly implementation-dependent. Taking implementation constraints into account, a time of approximately 2 ms for UE processing (decoding in case of DL transmission and encoding/multiplexing in case of UL transmission) and approximately 3 ms for eNodeB processing (scheduling/multiplexing/encoding in case of DL transmission and decoding in case of UL transmission) is considered as reasonable.

The propagation delay depends on the distance between the UE and the eNodeB and amounts to 6.7 (s/km. Thus, for smaller cells, the propagation delay is small compared to the processing delays in the UE and eNodeB, but for very large cells, the propagation delay cannot be neglected.

An example of the number of hybrid ARQ processes for different eNodeB-to-UE distances is shown in Table 1. In this example, 7 hybrid ARQ processes is sufficient for cell ranges up to approximately 15 km, while a larger number is required for larger cells. Thus, in order to minimize the hybrid ARQ roundtrip time in smaller cells while still supporting larger cells, a certain degree of configurability for the number of hybrid ARQ processes is necessary.

Proposal: LTE should support a limited degree of configurability in the number of hybrid ARQ processes for FDD to handle differences in propagation delays. 

2.2. Alignment between uplink and downlink

In principle, there is no reason why uplink and downlink processing times should be identical; the amount of processing time for uplink and downlink may differ. However, keeping the number of hybrid ARQ processes the same in both downlink and uplink offers benefits for FDD, for example related to DRX configurations. With an identical number of hybrid ARQ processes in both directions, the UE DRX/DTX cycle could be configured such that transmission of ACK/NAK feedback and data coincides in both directions. This increases the amount of time the UE can use DRX and increases battery life. 

For TDD, the number of hybrid-ARQ processes in uplink and downlink depends on the UL/DL allocation and may therefore differ. The DRX/DTX principle, however, still holds although it may not result in the same number of uplink and downlink processes.

Proposal: For FDD, the same number of hybrid-ARQ processes should be used in downlink and uplink.
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Figure 1: Downlink transmission timing (FDD).
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Figure 2: Uplink transmission timing (FDD).
	
	Downlink
	Uplink

	km
	Tp
	TTA
	TRX,UE
	TTX,NB
	Nproc
	TRX,NB
	TTX,UE
	Nproc

	1
	0.003
	0.007
	1.993
	3.000
	7
	3.000
	1.993
	7

	2
	0.007
	0.013
	1.987
	3.000
	7
	3.000
	1.987
	7

	3
	0.010
	0.020
	1.980
	3.000
	7
	3.000
	1.980
	7

	4
	0.013
	0.027
	1.973
	3.000
	7
	3.000
	1.973
	7

	5
	0.017
	0.033
	1.967
	3.000
	7
	3.000
	1.967
	7

	10
	0.033
	0.067
	1.933
	3.000
	7
	3.000
	1.933
	7

	20
	0.067
	0.133
	2.867
	3.000
	8
	3.000
	2.867
	8

	30
	0.100
	0.200
	2.800
	3.000
	8
	3.000
	2.800
	8

	40
	0.133
	0.267
	2.733
	3.000
	8
	3.000
	2.733
	8

	50
	0.167
	0.333
	2.667
	3.000
	8
	3.000
	2.667
	8

	100
	0.333
	0.667
	2.333
	3.000
	8
	3.000
	2.333
	8

	200
	0.667
	1.333
	2.667
	3.000
	9
	3.000
	2.667
	9


Table 1: Example of the number of hybrid ARQ processes necessary for FDD (in this example, 1.9 ms and 3 ms used for the UE and eNodeB processing, respectively, in both DL and UL).

3. Number of hybrid ARQ processes – TDD

With TDD operation, there is typically no association between UL and DL subframes and to determine the number of processes, assumptions need to be made regarding the subframe in which the ACK/NAK is transmitted. Herein, the ACK/NAK feedback has been spread out over the available subframes rather than using the first available subframe in the other link for the feedback. 

3.1. Frame structure type 1

For frame structure type 1, in both UL and DL the same processing delays as for FDD has been assumed, i.e., at least 3 ms for the eNodeB and at least 1.9 ms for the UE. Note here that the processing delay for the terminal includes the round trip propagation delay. Thus, for a cell range of 15km the round trip propagation delay is 100us which leaves around 1.9ms for UE processing.

According to current agreements, there can not be more than 64 allocation of subframe to UL and DL and in the present contributions, the allocations as given in Figure 3are considered.


[image: image3.emf] 

1:4:1:4  

2:3:1:4  

2:3:2:3  

3:2:2:3  

3:2 :3:2  

3:2:4:1  

4:1:4:1  

6:4  

7:3  

8:2  

9:1  


Figure 3 Studied allocations for frame structure type 1

The required number of processes is given in Table 2. As expected, the number of processes depends heavily only on the processing delay but also on the allocation of subframes to UL and DL.

	Allocation
	Number of processes in DL
	Number of processes in UL

	1DL:4UL:1DL:4UL
	2
	9

	2DL:3UL:1DL:4UL
	3
	8

	2DL:3UL:2DL:3UL
	4
	6

	3DL:2UL:2DL:3UL
	5
	5

	3DL:2UL:3DL:2UL
	6
	4

	3DL:2UL:4DL:1UL
	8
	3

	4DL:1UL:4DL:1UL
	9
	2

	6DL:4UL
	6
	4

	7DL:3UL
	8
	3

	8DL:2UL
	11
	2

	9DL:1UL
	14
	1


Table 2: Number of HARQ processes for different allocations of subframes to UL and DL assuming a processing delay of 3ms in the eNodeB and 2ms minus the round trip propagation delay for theUE.

It may be noted that the round trip time of each process in the general case is time varying. For certain allocations, the round trip times of all processes may though be 10ms.

3.2. Frame structure type 2

For frame structure type 2, a processing delay of at least 2.7ms (four subframes) are assumed for eNodeB whereas a processing delay of 2.3ms minus the round trip propagation delay is assumed for the UE. 

The required number of processes for different allocations is given in Table 2. As expected, the number of processes depends heavily only on the processing delay but also on the allocation of subframes to UL and DL.

	Allocation
	Number of processes in DL
	Number of processes in UL

	1DL:6:UL
	2
	14

	2DL:5UL
	4
	10

	3DL:4UL
	5
	7

	4DL:3UL
	7
	5

	5DL:2UL
	10
	4

	6DL:1UL
	13
	2


Table 3: Number of HARQ processes for different allocations of subframes to UL and DL assuming a processing delay of 2.7ms in the eNodeB and 1.975 ms minus the round trip propagation delay for theUE.

4. Conclusions

· LTE should support a limited degree of configurability in the number of hybrid ARQ processes for FDD to handle differences in propagation delays.

· For FDD, the same number of hybrid-ARQ processes should be used in downlink and uplink.

· For TDD, the number of processes in DL and UL varies with the UL/DL subframe allocation.
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