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1. Introduction
The analysis of LTE UL/DL HARQ timing and its implications to eNode B and UE implementations are provided in this contribution.
2. Principles for UL/DL HARQ Timing

The following principles are used to derive the UL/DL HARQ Timing:

a) UL and DL have an identical number of HARQ processes – To support UE DRX and sleeping time optimization.

b) DL and UL subframes are aligned at eNodeB – Maximal commonality with TDD.
c) One fixed number of HARQ processes – Simplicity for UE and eNodeB implementation.
d) Large cells with radius up to 100 km need to be supported – Already agreed in 3GPP.
e) HARQ RTT delay should be minimized to shorten the latency – To Benefit delay sensitive application such as VoIP.

With the above principles considered, there are three viable solutions for the number of HARQ processes, which use 6, 7, and 8 HARQ processes, respectively.  While 7 HARQ processes and 8 HARQ processes are already proposed before ([1], [2], and [3]), we believe 6 HARQ processes can be also achievable with reasonable implementation complexity.  As the result, our preferred choice is to use 6 HARQ processes in order to minimize the retransmission latency.  Our next choice would be 7 HARQ processes due to the same reason, followed by the choice of 8 HARQ processes.  Nevertheless, all three operations are analyzed in this contribution.  
3. Option 1: 6 HARQ Processes
In this option total 6 HARQ processes are supported.  The detailed timing analysis of this option is shown in Figure 1. The DL signal arrives at UE with a one-way propagation delay “d”.  Since UE derives its reference timing based on the received DL signal, its reference timing is offset by “d” compared to eNodeB’s system timing.  However, the UE needs to transmit UL signal in advance compared with its reference timing, based on TA commands from the eNodeB in order to ensure UL signal arrives at eNodeB within the CP range of eNodeB’s system timing.  Therefore, the timing advance for UE’s UL transmission is roughly “2d” from its reference timing.
The processing time budgets for UE and eNodeB on UL and DL in Option 1 are shown in Table 1, whereby normal cyclic prefix length was assumed.
	Processing Time
	DL
	UL

	eNodeB
	2 ms
	2 ms

	UE
	2 ms – 2d
	2.79 ms -2d


 

Table 1 Processing Time Budget for 6 HARQ Processes
It is obvious from Figure 1 why the eNodeB’s processing time budget is 2 ms for both UL and DL.  The UE’s processing time budget for DL is 2 ms -2d due to the timing advance in UE.  However, it should be noted that UE’s processing time budget for UL is 2.78 ms -2d due to the fact that the DL ACK/NACK and Grant information are limited to the first 3 OFDM symbols in the DL subframe.  This essentially provides 0.79 ms more processing budget to UE for UL processing in the case of normal cyclic prefix length  (0.75 ms in the case of extended cyclic prefix length) as compared to the DL processing time.
It is our belief that 2 ms is sufficient for eNodeB processing for both UL and DL.  As the rule of thumb, we assume up to 1 ms is given to MAC scheduling processing and the other 1 ms is allocated to L1 processing.  The most time consuming part in L1 processing is the Turbo decoding or Turbo encoding in UL or DL, respectively, since all the other major L1 tasks can be processed in a pipelined fashion with Turbo decoding or Turbo encoding task.  It should also be noticed that all pilot based processing such as PUSCH channel estimate or PUCCH channel estimate can be started as soon as the UL reference signals are received by eNodeB, which also buys some extra time for eNodeB’s processing.
It is obvious from Figure 1 and Table 1 that the time budget allocated to UE varies depending on the distance between UE and eNode B.  While a UE is extremely close to a eNode B, it may be assumed that d=0 in Figure 1 and Table 1.  This implies that such a UE has almost 2 ms for DL processing and 2.79 ms for UL processing.   It should be noted that a UE can allocate at most 1 ms for decoding/encoding in DL/UL processing, even for the largest packet size, in order to be able to support sustainable transmission at the peak rates.  The rest processing shall be comfortably fit into the rest 1 ms for DL or 1.79 ms for UL.

It is a little more complicated when UE is far away from eNode B.  Considering the worst where a UE is 100 km away form the eNodeB, it still has 1.333 ms for UL processing and 2.12 ms for DL processing.   Even if 1 ms budget is used for decoding/encoding, it is our expectation that the rest 0.33/1.12 ms should still be sufficient for the rest of DL/UL processing.  If this is not true, we should further consider the following two factors: 
· When UEs are at the cell edge, they are not supposed to achieve very high data rates.  As a result, the time needed for decoding/encoding may be reduced significantly.  For example, it may not be very aggressive to assume that the peak rates the UEs can achieve at the edge of the cell (up to 100 km cell radius) are less than 50% of the peak rates the UEs can achieve while next to the eNode B.  With this assumption, the decoding/encoding processing in UEs should take only around 0.5 ms.  This implies up to 0.5 ms is now available for the rest of the processing when UEs are at the edge of the cells.  This compensates a significant portion of the round-trip latency in such large cells.
· UEs at cell edge can support less complicate features and/or can reduce their implementation complexities (e.g., channel estimation complexity) if the processing time budget otherwise is really an issue.   This allows graceful degradations in performance for UEs at cell edge to trade for shorter HARQ retransmission latency.
4. Option 2: 7 HARQ Processes

In this option the UE is provided with 1 ms more processing time as compared with Option 1.  This may help UE to moderately simplify its processing  when it is far away from eNodeB (up to 100 km).  The time budget allocated to eNodeB is not changed.  
	Processing Time
	DL
	UL

	eNodeB
	2 ms
	2 ms

	UE
	3 ms – 2d
	3.79 ms -2d


 

Table 2: Processing Time Budget for 7 HARQ Processes

There is another way to construct 7 HARQ processes whereby 1ms is given to the eNodeB while leaving the processing time budget for the UE unchanged.   In our opinion this alternative is not required for eNodeB implementation and less beneficial  for the UE. 
5. Option 3: 8 HARQ Process

In this option both UE and eNodeB are provided with 1 ms more timing allowance as compared with Option 1.  The processing time budget associated with this option is provided in Table 3.
	Processing Time
	DL
	UL

	eNodeB
	3 ms
	3 ms

	UE
	3 ms – 2d
	3.78 ms -2d


 
                 Table 3: Processing Time Budget for 3 HARQ Processes

6. Summary of Processing Time Budget for Options 1, 2, and 3.

In the following table, we summarize the processing time budget for Options 1, 2, and 3 with the assumption that the UE is 100 km away from eNodeB.  Note that the UE has more processing time budget when it is closer to eNodeB, where the supported data rates are also expected to be higher. This potentially allows UE to use more complicated algorithms including MIMO operation when it is reasonably close to eNodeB.
	
	Option 1: 6 HARQ
	Option 2: 7 HARQ
	Option 3: 8 HARQ

	
	DL
	UL
	DL
	UL
	DL
	UL

	eNodeB
	2 ms
	2 ms
	2 ms
	2 ms
	3 ms
	3 ms

	UE
	1.333 ms
	2. 12 ms
	2.333 ms
	3. 12 ms
	2.333 ms
	3. 12 ms


Table 4 Summary of Processing Time Budget with UE at 100 km cell edge
7. Conclusion and Recommendation
This contribution analyzed three different HARQ timing proposals, i.e., using 6 HARQ processes, 7 HARQ processes, or 8 HARQ processes, respectively.  It is our belief that 6 HARQ processes can be achieved with reasonable implementation complexity.  Therefore, using 6 HARQ processes is our preferred choice in order to minimize the retransmission latency.  The next preferred choice is to use 7 HARQ processes.
8. References
[1] R1-072674, “HARQ Timing and Number of HARQ Processes”, Motorola, July 2007.
[2] R1-073074, “Number of HARQ Processes”, Qualcomm, July 2007.

[3] R1-073027, “On the Number of HARQ Processes in LTE”, Ericsson, July 2007.


[image: image1.emf]eNB Timing

UE RX

eNB RX

eNB TX

UE RX

UE TX

UL-SCH

UE TX

DL-SCH

eNB TX

DL-SCH

d

UL ACK/NACK

UE Processing Budget

eNB RX

UL ACK/NACK

DL-SCH

UE Reference 

Timing

TX_Adv

eNode B Processing Budget

eNode B Processing Budget

TX_Adv

Ack 

nack

Ack 

nack

UL-SCH

UL-SCH

UE Processing Budget


Figure 1 – DL and UL HARQ Timing
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