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1
Introduction

In this document we discuss the different aspects of choosing the number of HARQ-processes for LTE FDD.  The UE and eNB processing times, latency impact, support for large cells and latency impact are discussed. The intention is to accommodate for all these by picking one value for the number of HARQ-processes as agreed in RAN1#49bis in Orlando. Having only one value for the number of HARQ-processes is important in order to keep the number of options in LTE low and hence simplify UE implementation and testing 
The following analysis is relevant for FDD only. For TDD the number of HARQ-processes is depending on the UL/DL configuration and more study is therefore required. The achievable processing times will be the same for both modes.
2
Timing Diagram

Figure 1 and Figure 2 show the timing diagrams for downlink and uplink transmissions respectively. 
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Figure 1 DL transmission timing diagram
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Figure 2 Uplink transmission timing diagram,

For commonality with TDD, UL and DL sub-frame timing should be aligned at the eNB.

For the specifications, the following timing quantities need to be specified:

· For the DL

· The time between the end of the DL sub-frame containing the DL transmission and the start of the UL sub-frame containing the transmission of the associated ACK/NACK as observed at the eNB

· Maximum number of HARQ-processes that can be signalled.

· For the UL

· The time between the end of the UL sub-frame containing the UL transmission and the start of the DL sub-frame containing the transmission of the associated ACK/NACK as observed at the eNB

· The time period between retransmissions for the synchronized HARQ (number of HARQ-processes)

3
HARQ Timing 

3.1
UE Processing Time

3.1.1
RX Processing Time

The UE RX processing time is the time it takes from the end of the sub-frame containing the data to the time when then ACK/NACK must be transmitted in the UL. Since this is the timing at the UE and the transmission time shall be aligned at the eNB, the propagation delay will reduce the time available for UE processing by twice the propagation delay.

For HSDPA the processing time is ~5ms or 2.5 times the length of the TTI. The data rates are higher in LTE DL and a SIC receiver will introduce further delay as the received data must be re-encoded and fed back within the receiver. Some of the UE introduced delays are not depending on the TTI-length so the HSDPA processing times can not be blindly scaled down according to the differences in TTIs. Based on this, it is Nokia’s view that for a cost efficient implementation 2-2.5 ms of UE processing time is needed. 

3.1.2
TX Processing Time

The UE TX processing time is the time from the end of the DL sub-frame containing the UL grant to the start of the sub-frame containing the associated UL data transmission.

In general, encoding is a simpler operation than decoding and does not require as long processing time. However, there are some reasons

· Having the same processing times makes a cleaner structure in that DL allocations and UL grants sent in the same DL sub-frame results in the ACK/NACK for the DL and the UL data transmission also being transmitted in the same sub-frame. 

· Having the same processing times for RX and TX maximizes the peak data rate of the half-duplex terminal as shown in section 5.

It is our proposal that the UE TX processing time is the same as the UE RX processing time.

3.2
eNB Processing Time

3.1.1
RX HARQ Loop Processing Time

The eNB RX processing time is the time it takes from the end of the sub-frame containing the data to the time when then ACK/NACK must be transmitted in the DL. Since the transmission time is aligned at the eNB, the propagation delay does not affect the eNB processing time.

Data rates in LTE are considerably higher than in WCDMA, E-DCH. Decoding requires most of the RX HARQ loop processing time in eNB and it is dependent of the data throughput. Scheduling is another task consuming RX HARQ loop processing time and its complexity depends on the number of UEs and bearers active, both of which are maximized in LTE. 

Based on this, it is Nokia Siemens Networks’ view that for a cost efficient implementation 3.0 ms of eNB processing time is needed. 

3.1.2
TX HARQ Loop Processing Time

The eNB TX processing time is the time from the end of the UL sub-frame containing the ACK/NACK from the UE to the next transmission in the DL using the same HARQ-process. 

Scheduling and encoding contribute most of the TX HARQ Loop processing time. In general, encoding is a simpler operation than decoding. However, data rates in downlink are higher than in UL.  Based on this, it is Nokia Siemens Networks’ view is that the same 3.0 ms of eNB processing time is applied in TX HARQ loop processing. 

3.3
Number of HARQ-processes  

Given the processing times identified in the previous sections and the impact to half duplex terminals, the number of HARQ-processes required for continuous transmission is 8. Even if the UE processing time could be reduced to 2 ms and hence 7 HARQ-processes, it would not leave any room for propagation delay and some other measures would need to be introduced in order to handle larger cells leading to multiple values for the number of HAR-processes.

4
Latency Impact

The requirements for E-UTRA are specified in [1] and for the U-plane latency it is stated that:

Specifications shall enable an E-UTRA U-plane latency of less than 5 ms in unload condition (ie single user with single data stream) for small IP packet, e.g. 0 byte payload + IP headers E-UTRAN bandwidth mode may impact the experienced latency
In [2], RAN2 concluded that the requirements were met, but the assumption was five HARQ-processes. The impact to the U-plane latency from having 8 HARQ-processes is shown for the UL in Table 1.

Table 1 U-plane latency analysis (estimated average)
	Step
	Description
	Value
(0% HARQ)
	Value
(18.75% HARQ)
	Value
(30% HARQ)

	0
	UE wakeup time
	Not included
	Not included
	Not included

	1
	UE Processing Delay
	1ms
	1ms
	1ms

	2
	Frame Alignment
	0.5ms
	0.5ms
	0.5ms

	3
	TTI for UL DATA PACKET (Piggy back scheduling information) 
	1ms
	1ms
	1ms

	4
	HARQ Retransmission
	0ms
	0.1875*8ms
	0.3*8ms

	5
	eNB Processing Delay (Uu –> S1-U)
	1ms
	1ms
	1ms

	
	Total one way delay
	3.5ms
	5.0ms
	5.9ms


For the 0% HARQ case, the number of retransmissions has no impact to the latency and the numbers are unchanged. For the 30% HARQ-case it is not possible to get to 5 ms, but by reducing the HARQ error operating point the 5.0 ms requirement can be met. This means that the specification still enables 5 ms U-plane latency and delay critical information can still be supported by lowering the HARQ BLER operating point.

5
Half-duplex UEs 

RAN1 has agreed on supporting half duplex FDD UEs. It is important that half duplex operation in supported with minimal impact to the FDD mode. The impact can be minimized by implementing half duplex operation as a scheduling limitation in the eNB. This means that the receive and transmit timing is the same for the half-duplex UE as for the full duplex UE and the eNB is responsible for not scheduling any transmissions in the DL (data and control) when the half-duplex UE is transmitting in the UL direction. Time for UL-to-DL and DL-to-UL switching points must also be generated by limiting the scheduling. Making UL and DL transmissions synchronized, i.e. identical processing times for UL and DL, will maximize the peak data rate for the half-duplex UE. A shorter processing time for data transmissions would force the UE has to switch earlier from DL to UL causing less DL sub-frames to be available for reception. Figure 3 shows the half-duplex operation timing diagrams when having 6, 7 or 8 HAR processes. As the figure shows that the utilization is 33.3%, 28.5% and 37.5% for 6, 7 and 8 HARQ-processes respectively. Having 8 HARQ-process will therefore maximize the half-duplex terminal data rate and scheduling flexibility.
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Figure 3 Timing diagrams for half-duplex operation for different number of HARQ processes

6
Support for large cell sizes

As mentioned in section 3.1, the UE processing time is in the order of 2-2.5 ms. With 3 ms between the DL data sub-frame and the UL sub-frame containing the associated ACK/NACK, there is some time already available to accommodate for any propagation delay. 0.5 ms two way propagation delay corresponds to a cell range of 75 km. Since the intention is to support even larger cells in EUTRAN the propagation delay available is not sufficient.

As the cell size increases the achievable cell edge throughput decreases also due the increased propagation loss. At the same time, reduced data rates mean shorter decoding times. This means that as the distance to the base station increases, the decoding time in the UE is inherently reduced. This means that the cell size can be increased further by limiting the UE data rate when the timing advance value is large. An additional 0.5-0.75 ms propagation time would be available by introducing such a limitation enabling cell sizes of up to 200 km. The limitation can be captured in the UE capability specification by limiting the data rate for the different UE classes for timing advance values above a certain threshold. The exact value of the TA threshold and the reduced data rate is FFS.

7 Conclusion

Based on the analysis in this document, we suggest having 8 HARQ-processes in both the UL and the DL in FDD mode. This means 3 ms between the end of the DL/UL subframe containing the data transmission to the start of the UL/DL sub-frame containing the associated ACK/NACK. For the synchronized HARQ in the UL, the time period between retransmissions will be 8 ms . With the proposed number of HARQ processes, very large cells can be supported for any specified UE capability by limiting the data rate for UEs whose timing advance reaches a certain threshold. For TDD more study is needed to determine the number of HARQ-processes..
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