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1
Introduction
In [1] we analyzed different aspects related to the number of HARQ processes. This contribution provides more details supporting the proposal of 8-HARQ processes for the DL and UL presented in [1].
The number of HARQ processes determine

· Latency for retransmissions

· Buffering requirements at the receiver

· Budgeting of complexity at the transmitter/receiver to meet the time lines

What is desired is
· Small enough number of HARQ process for a manageable implementation complexity

· Single option 

· No dependency with e.g. cell radius

· Options being discussed: {6, 7, 8} HARQ processes

The document will analyse the DL timeline first and then the UL timeline. 
2
DL Timeline

The following table shows a break down of the processing at the eNB transmitter and at the UE receiver in relation to the DL time line. Note that the table is a MS Excel object and therefore can be edited with different values (e.g. cell radius). 
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The break-down of timing at high level is as follows:

· 1 ms for DL transmission

· 1 x RTDs 

· 1 ms for UL transmission

· eNB processing time = k x 1ms (k = 2 or 3)

· UE processing time = k x 1ms – 1 x RTDs (k = 2 or 3)

· The time for “reception in course” may be used to start the processing with some limitations
· Assuming 75km cell radius:
It is important to note that assuming perfect timing control of the UE transmissions, the processing time at the eNB is the same irrespective of the cell radius. Note that we are assuming the Tx/Rx timing at the eNB to be the same in order to keep maximum commonality between the FDD and the TDD systems. On the other hand, the round trip delay (RTD) directly reduces processing time at the UE. 

Given the subframe granularity of 1ms, the different processing times for the UE and the eNB for each of the three number of HARQ processes belongs to a very small set as shown in the following figure: 
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where we have assumed a 75km cell radius deployment. A UE processing time of 1.5ms is considered extremely challenging to guarantee. Therefore, the next step is 2.5ms which requires 7 HARQ processes and a partitioning of {2ms/2.5ms} processing time at the {eNB/UE} respectively, or 8 HARQ processes and a partitioning of {3ms/2.5ms} processing time at the {eNB/UE} respectively. 

Figure 1, below shows the DL time-line in a graphical way with details on what is required in each step of the processing line. 
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Figure 1. DL time-line detail

3
UL Timeline

The following table shows a break down of the processing at the UE transmitter and at the eNB receiver in relation to the UL time line. Note that the table is a MS Excel object and therefore can be edited with different values (e.g. cell radius).  


[image: image4.emf]UL time line anlaysis eNB (ms) UE (ms)

Baseline processing times: 3 3 {2/2, 3/2, 2/3, 3/3}

Concept Time (us)

UE Transmission (PUSCH) 1000

Propagation delay (UL) 250.00Cell radius 75km

eNB processing 3000.00

   - eNB Rx processing PUSCH

   - eNB Tx processing: encoding of ACK UE tx subframe boundaries

   - eNB Tx subframe time alignment (mod 1ms tx)

eNB Transmission (ACK/NAK) 250(assuming 3 OFDM symbols and long CP numerology)

Propagation delay (DL) 250.00

UE processing 3250.00

   - UE Rx processing: ACK decoding

   - UE Tx processing: encoding of re-transmission

   - UE Tx subframe time alignment (mod 1ms tx)

Subtotal: 8000


A similar break-down of the time can be done for the UL timeline but it is important to note that the UE has more processing time in the UL primarily due to the fact that the control transmission on the DL spans the beginning of the subframe. 
Figure 2 shows the breakdown of processing in a graphical way and with details of the operations to perform at each stage of the processing line. 
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Figure 2. UL time-line detail

4
Miscellaneous notes

· There exists the possibility to “move” processing time from one entity (UE/eNB) to the other by

· Misalignment of UL/DL timing

· Done in other FDD systems for TPC command turn-around

· Incompatible with TDD structure

· In order to enable an efficient DTX/DRX procedure from the UE battery life perspective
· UE transmitting and receiving at the same time is required
· Incompatible with HD operation

· Not possible in TDD operation
5
Conclusion

In this document we have analyzed the time line for the DL and UL of E-UTRA. In summary, we believe that 1.5ms processing time at the UE (6 HARQ processes) is extremely challenging and perhaps close to impossible to achieve. 
Based on a processing time of 2.5ms at the UE (75km cell radius assumed) and 3ms at the eNB, we propose 8 HARQ processes for the DL and UL of E-UTRA. 
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[image: image1.emf]DL time line anlaysis eNB (ms) UE (ms)

Baseline processing times: 3 3 {2/2, 3/2, 2/3, 3/3}

Concept Time (us)

eNB Transmission (PDCCH + PDSCH) 1000

Propagation delay (DL) 250.00Cell radius 75km

UE processing 2500.00

   - UE Rx processing PDCCH + PDSCH

   - UE Tx processing: encoding of ACK and possible multiplexing with PUSCH transmission UE tx subframe boundaries

   - UE Tx subframe time alignment (mod 1ms tx)

UE Transmission (ACK/NAK) 1000

Propagation delay (UL) 250.00

eNB processing 3000.00

   - eNB Rx processing: PUCCH/PUSCH energy detection, PUCCH/PUSCH decoding

   - eNB Tx processing: encoding of re-transmission

   - eNB Tx subframe time alignment (mod 1ms tx)

Subtotal: 8000
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Propagation delay

UE Rx processing: decoding of PDCCH + PDSCH

UE Tx processing: Encoding of ACK + possible 

multiplexing with data + subframe alignment (UE tx)

UE PROCESSING

UE transmission (ACK)

Propagation delay

eNB PROCESSING

eNB Rx processing: energy detection 

PUCCH/PUSCH + decoding PUCCH/PUSCH

eNB Tx processing: encoding of new PDSCH 

transmission + subframe time alignment (eNB tx)

UE processing

eNB processing

Reception in course
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DL time Line

				DL time line anlaysis		eNB (ms)		UE (ms)

				Baseline processing times:		3		3		{2/2, 3/2, 2/3, 3/3}

				Concept		Time (us)

				eNB Transmission (PDCCH + PDSCH)		1000

				Propagation delay (DL)		250.00		Cell radius		75		km

				UE processing		2500.00

				- UE Rx processing PDCCH + PDSCH

				- UE Tx processing: encoding of ACK and possible multiplexing with PUSCH transmission				UE tx subframe boundaries						t - prop_delay + k*1ms, where "t" is the DL timing

				- UE Tx subframe time alignment (mod 1ms tx)

				UE Transmission (ACK/NAK)		1000

				Propagation delay (UL)		250.00

				eNB processing		3000.00

				- eNB Rx processing: PUCCH/PUSCH energy detection, PUCCH/PUSCH decoding

				- eNB Tx processing: encoding of re-transmission

				- eNB Tx subframe time alignment (mod 1ms tx)

				Subtotal:		8000

				Subtotal:		0





UL time Line

				UL time line anlaysis		eNB (ms)		UE (ms)

				Baseline processing times:		3		3		{2/2, 3/2, 2/3, 3/3}

				Concept		Time (us)

				UE Transmission (PUSCH)		1000

				Propagation delay (UL)		250.00		Cell radius		75		km

				eNB processing		3000.00

				- eNB Rx processing PUSCH

				- eNB Tx processing: encoding of ACK				UE tx subframe boundaries						t - prop_delay + k*1ms, where "t" is the DL timing

				- eNB Tx subframe time alignment (mod 1ms tx)

				eNB Transmission (ACK/NAK)		250		(assuming 3 OFDM symbols and long CP numerology)

				Propagation delay (DL)		250.00

				UE processing		3250.00

				- UE Rx processing: ACK decoding

				- UE Tx processing: encoding of re-transmission

				- UE Tx subframe time alignment (mod 1ms tx)

				Subtotal:		8000





Constants

		Time durations

				FS1

				Subframe		1		ms

				xFDM symbol		71.4285714286		us - normal CP										1642.8571428571		eNB Rx processing time

						83.3333333333		us - extended CP										571.4285714286
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DL time Line

				DL time line anlaysis		eNB (ms)		UE (ms)

				Baseline processing times:		3		3		{2/2, 3/2, 2/3, 3/3}

				Concept		Time (us)

						1000

				Propagation delay (DL)		250.00		Cell radius		75		km

				UE processing		2500.00

				- UE Rx processing PDCCH + PDSCH

				- UE Tx processing: encoding of ACK and possible multiplexing with PUSCH transmission				UE tx subframe boundaries						t - prop_delay + k*1ms, where "t" is the DL timing

				- UE Tx subframe time alignment (mod 1ms tx)

						1000

				Propagation delay (UL)		250.00

				eNB processing		3000.00

				- eNB Rx processing: PUCCH/PUSCH energy detection, PUCCH/PUSCH decoding

				- eNB Tx processing: encoding of re-transmission

				- eNB Tx subframe time alignment (mod 1ms tx)

				Subtotal:		8000

				Subtotal:		0





UL time Line

				UL time line anlaysis		eNB (ms)		UE (ms)

				Baseline processing times:		3		3		{2/2, 3/2, 2/3, 3/3}

				Concept		Time (us)

						1000

				Propagation delay (UL)		250.00		Cell radius		75		km

				eNB processing		3000.00

				- eNB Rx processing PUSCH

				- eNB Tx processing: encoding of ACK				UE tx subframe boundaries						t - prop_delay + k*1ms, where "t" is the DL timing

				- eNB Tx subframe time alignment (mod 1ms tx)

						250		(assuming 3 OFDM symbols and long CP numerology)

				Propagation delay (DL)		250.00

				UE processing		3250.00

				- UE Rx processing: ACK decoding

				- UE Tx processing: encoding of re-transmission

				- UE Tx subframe time alignment (mod 1ms tx)

				Subtotal:		8000





Constants

		Time durations

				FS1

				Subframe		1		ms

				xFDM symbol		71.4285714286		us - normal CP										1642.8571428571		eNB Rx processing time

						83.3333333333		us - extended CP										571.4285714286






