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1 Introduction 

In [1], an in-band MAC-hs sequence number was proposed for consideration in order to provide in-sequence delivery to the RLC for an asynchronous downlink and synchronous uplink N-channel HARQ scheme. With the proposed in-band transmission sequence numbering (TSN), the re-sequencing of out-of-sequence RLC PDUs can be achieved with minimum signaling overhead in the uplink, no changes to the current RLC layer, and can be achieved with robustness due to the coding gain from Turbo coding and HARQ protocol. 
In this contribution, the performance of the proposed in-band TSN solution to the sequence delivery is studied for an N-channel SAW HARQ process. An asynchronous downlink and synchronous uplink HARQ protocol with fixed TTI is simulated in order to evaluate the performance and to provide guidelines on the requirement of an in-band TSN sequence delivery of packets by the HARQ process to the higher RLC layer. 

2 Transmitter and Receiver Soft Buffer

A transmission is buffered at the transmitter soft buffer while the HARQ process is awaiting the ACK or NACK of that transmission. For N-channel SAW, the soft buffering is needed for a maximum of N transmissions (The round trip time determines the maximum value of N). The window size for each of the N transmissions or processes is one. HARQ process identifiers (PI) are used to identify all parallel transmissions. For example, if sequences #3, #4, #5, and #6 have been sent, SAW inherently stops transmission of new code block #7 until any of the previous 4 transmitted sequences (3, 4, 5, or 6) has been correctly received. Assuming code block #5 is correctly received and the Node-B receives the appropriate ACK indication, then the next un-transmitted code block in the sequence, #7, is sent. The soft buffer at the transmitter would now hold a copy of sequence #3, #4, #7, and #6 whilst it awaits their respective ACK indications. Similarly, retransmission of incorrectly received code blocks can be done since copy of the code block is still being kept at the transmitter soft buffer that is associated with the specific process identifier. Therefore, for an N-channel SAW HARQ, a soft buffer of size N transmissions is needed for the HARQ transmitter at the NodeB. Similar requirement is needed for the soft buffer at the UE.  

In addition, with in-band sequence numbering, the operation of the re-sequencing is transparent to the HARQ process and is performed after the HARQ process in a re-sequencing layer as defined in [1]. 

3 Receiver Re-Sequencing Buffer 

Since code blocks can be received out-of-sequence at the UE and because of the inability of the HARQ process to “see” the sequence number of the code blocks, a new “hard” re-sequencing buffer is needed at the UE following the HARQ entity of the UE. The configuration of the transmitter and receiver soft buffer and the re-sequencing buffer is shown in Figure 1 for a N = 4 SAW HARQ with 3 bits sequence number.

3.1 Residual Error Rate  

When a new code block is received and has a sequence number greater than the maximum sequence number in the buffer, the window is advanced to include the new sequence number. Unsuccessful code blocks, forming gaps that precede the window are assumed to be lost and represent an increment in the residual error rate. This residual error rate is dependent on the size of the sequence numbering hence the re-sequencing buffer size or the resequencing window as well. The residual error rate is calculated as the ratio of total code blocks lost that are dropped by the re-sequencing buffer over the total code blocks delivered to the RLC including the lost code blocks. This metric is computed from collecting the lost or dropped and delivered code blocks across all users.

3.2 Stall Probability

Stalling of the HARQ protocol occurs when the protocol is temporarily stopped from its transmission even when the channel is unoccupied. As an example, stalling can arise when a transmitter window is used to control the flow of packets to the receiver such as to control the dropping of packets due to the receiver window, in an effort to minimise the residual error rate as defined above. With the proposed in-band TSN for the N-channel SAW HARQ, the TSN is transparent to the HARQ protocol and the transmitter window. Soft buffering of each of the N processes holds the soft copy of the code block sent in that process until the transmission is completed. With SAW HARQ protocol, stalling is inherently avoided and the transmitter window is not necessary to prevent overflowing at the receiver soft buffer. Hence, the stalling probability of the proposed N-channel SAW HARQ is zero. 
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Figure 1: Buffer Configuration

4 Simulation Results

In order to study the effects of the out-of-sequence delivery of the HARQ process, an N-channel SAW HARQ is simulated with a Re-Sequencing Buffer at the UE, as shown in Figure 1. The requirement on the size of the re-sequencing buffer at the UE versus the residual error rate is simulated for various numbers of parallel HARQ processes N. The studies are done for two different vehicle speed, 3km/h and 30km/h respectively. 

A TTI of 3 slots is assumed and code division multiplexing is implemented for the HARQ protocol. Single bit ACK/NACK is assumed that no feedback errors or misinterpretation is simulated. In addition, as used in [2], the following assumptions are made (other assumptions from TR are listed in the Appendix of this document). 

· 30% power used by overhead channels

· Single path Rayleigh fading with 3km/hr speed

· Fractional Recovered Power (FRP) is 0.98

The following additional assumptions are made in obtaining the simulation results:

· No limit on maximum number of retries.

· Fast cell selection is not considered.

· Results do not count padding into the throughput (i.e. only information bits count towards throughput).

· Channel quality measurement and ACK/NACK feedback are error-free.

· The channel quality feedback delay is assumed to be 6 slots and the ACK/NACK delay is varied to simulate the different N values. 

· Maximum C/I scheduler is used for both schemes.

Figure 2 and 3 show the Residual error rate for various numbers of parallel processes N for vehicle speed of 3km/h and 30km/h, respectively. These figures show that as N increases, the probability of out-of-sequence delivery of code blocks by the HARQ process to the RLC is increased. From Figure 2, a re-sequencing buffer size of 6 blocks resulted in residual error rate of 6.0e-5. As N increases, a result of higher value of RTT, the possibility of code blocks delivered out of sequence by the HARQ process is also higher. Hence, a larger re-sequencing buffer is required. For N equals to 6, with window size of 10, the residual error rate is 5.4e-05. It is should be noted that with 5 bits TSN, the maximum window size is 0.5 x 25 = 16. Obviously, smaller window can be used as in this case, size of 10 is used.
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Figure 2: Residual Error Rate versus Window Size for 3 km/h

At higher UE speed, the faster channel variation reduces the probability of an UE finding favorable channel conditions in a greater number of channels and is comparatively smaller than the case when the channel variation is slower at lower UE speed. Therefore, the number of parallel HARQ process for a UE reduces as its speed increases, and this in turn decreases the probability of out-of-sequence delivery of code blocks. However, the higher UE speed also causes a higher error in channel feedback that increases the transmission error probability of its code blocks. As number of retransmission go up, so does the probability of out-of-sequence delivery. Figure 3 shows the residual error rate for various window sizes for a UE speed of 30km/h. From the Figure, the residual error rate vs. window size at 30 km/h exhibits similar trend as at 3 km/h when N increases. In addition, the residual error rate for various window sizes is found to be comparable between 3km/h and 30km/h.  
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Figure 3: Residual Error Rate versus Window Size for 30 km/h

5 Summary and Conclusions

The residual error rate in an N-channel SAW HARQ in the context of a complete system simulation has been studied. Results on the residual error rate for various window sizes and N have been presented. For both UE speed of 3km/h and 30km/h, with maximum of 6 parallel HARQ processes (N = 6), it is found that a TSN of 5 bits and re-sequencing buffer of 10 blocks would be sufficient for an assumed residual error rate of 10-4. The requirements on the soft transmitter and receiver buffers at the NodeB and UE, respectively, are given in Table 1. Table 2 summarizes the size of the TSN and the corresponding UE re-sequencing window for the various N with an assumed target residual error rate of 10-4.
Table 1: HARQ Process Soft Buffer Requirement


Buffer Size (Number of Code Blocks)

Transmitter Buffer
N

Receiver Buffer
N

Table 2: TSN and Re-sequencing buffer requirements for various N for Residual Error Rate = 10-4 


N = 3
N = 4
N = 5
N = 6

Transmission Sequence Number (TSN) (bits)
4
4
5
5

Re-Sequencing Buffer (blocks) or Window Size
6 
7 
9
10

In conclusion, this contribution studied the requirements for the re-sequencing buffer at the UE using the in-band sequence numbering to provide in-sequence delivery from the HARQ process to the RLC. The result provided recommendation on the required re-sequencing window size for the various N. Since N is a direct function of the RTT of the system, the choice of size for the re-sequencing buffer is dependent on the RTT as well. 

It is proposed that Table 2 to be incorporated in [3] as guidelines for both the TSN and re-sequencing buffer size.  

6 References

[1] “In-Sequence Delivery to RLC with Async/Sync HARQ,” Lucent Technologies, TSG-R2-012039, Helsinki.

[2] “Physical Layer Aspects of UTRA High Speed Downlink Packet Access” TR25.848.

[3] 3GPP TS 25.308: UTRA High Speed Downlink Packet Access.

7 Annex: Simulation parameters

The system level simulation parameters are listed in Table A below.

Table A: Basic system level simulation assumptions.
Parameter
Explanation/Assumption
Comments

Cellular layout
Hexagonal grid, 3-sector sites
Provide your cell layout picture

Site to Site distance
2800 m


Antenna pattern
As proposed in [2]
Only horizontal pattern specified

Propagation model
L = 128.1 + 37.6 Log10(R)
R in kilometers

CPICH power
-10 dB


Other common channels
- 10 dB


Power allocated to HSDPA transmission, including associated signaling
Max. 70 % of total cell power


Slow fading
As modeled in UMTS 30.03, B 1.4.1.4


Std. deviation of slow fading
8 dB


Correlation between sectors
1.0


Correlation between sites
0.5


Correlation distance of slow fading
50 m


Carrier frequency
2000 MHz


BS antenna gain
14 dB


UE antenna gain
0 dBi


UE noise figure
9 dB


Max. # of retransmissions
Specify the value used
Retransmissions by fast HARQ


Fast HARQ scheme
Chase combining or adaptive IR


BS total Tx power
Up to 44 dBm


Active set size
3
Maximum size

Frame duration
3.33 ms


Scheduling
Max C/I


Specify Fast Fading model
Jakes spectrum
Generated e.g. by Jakes or Filter approach 

The fundamentals of the data-traffic model are captured in Table B below.

Table B: Data-traffic model parameters

Process
Random Variable
Parameters

Packet Calls Size
Pareto with cutoff
alpha=1.1, k=4.5 Kbytes, m=2 Mbytes, μ = 25 Kbytes

Time Between Packet Calls
Geometric
μ = 5 seconds

Packet Size
Segmented based on MTU size
1500 bytes

Packets per Packet Call
Deterministic
Based on Packet Call Size and Packet MTU

Packet Inter-arrival Time

 (open- loop)
Geometric
μ = MTU size /peak link speed 

(e.g. [1500 octets * 8] /2 Mb/s = 6 ms)

Soft Buffer: Size = N
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		UE = 100, MTU = 576bytes						MaxSimTime = 50sec, Iteration = 2

		Max C/I Scheduler

		a. Ack Feedback delay = 9 slots (N = 4)

		Window Size				3km/h		30km/h

		4				1.66E-03		2.30E-03

		6				1.47E-04		1.10E-04

		8				2.47E-05		8.57E-05

		10 (5 bit)

		b. Ack Feedback delay = 6 slots (N = 3)

		4				3.90E-04		1.79E-04

		6				6.06E-05		6.46E-06

		8				1.21E-05

		10 (5 bit)

		c. Ack Feedback delay = 12 slots (N = 5)

		4				3.20E-03		6.42E-03

		6				5.00E-04		1.35E-03

		8				2.50E-04		3.80E-04

		10 (5 bit)				1.79E-05		6.42E-06

		d. Ack Feedback delay = 15 slots (N = 6)

		4				6.30E-03		1.70E-02

		6				1.90E-03		3.00E-03

		8				1.00E-03		5.00E-04

		10 (5 bits)				5.40E-05		4.90E-05

		3 km/h

				N=3		N = 4		N = 5		N = 6

		4		3.90E-04		1.66E-03		3.20E-03		6.30E-03

		6		6.06E-05		1.47E-04		5.00E-04		1.90E-03

		8		1.21E-05		2.47E-05		2.50E-04		1.00E-03

		10						1.79E-05		5.40E-05

		30 km/h

		4		1.79E-04		2.30E-03		6.42E-03		1.70E-02

		6		6.46E-06		1.10E-04		1.35E-03		3.00E-03

		8				4.40E-05		3.80E-04		5.00E-04

		10						6.42E-06		4.90E-05
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		4				1.66E-03		2.30E-03

		6				1.47E-04		1.10E-04

		8				2.47E-05		4.40E-05

		10 (5 bit)

		b. Ack Feedback delay = 6 slots (N = 3)

		4				3.90E-04		1.79E-04

		6				6.06E-05		6.46E-06

		8				1.21E-05

		10 (5 bit)

		c. Ack Feedback delay = 12 slots (N = 5)

		4				3.20E-03		6.42E-03

		6				5.00E-04		1.35E-03

		8				2.50E-04		3.80E-04

		10 (5 bit)				1.79E-05		6.42E-06

		d. Ack Feedback delay = 15 slots (N = 6)

		4				6.30E-03		1.70E-02

		6				1.90E-03		3.00E-03

		8				1.00E-03		5.00E-04

		10 (5 bits)				5.40E-05		4.90E-05

		3 km/h

				N=3		N = 4		N = 5		N = 6

		4		3.90E-04		1.66E-03		3.20E-03		6.30E-03

		6		6.06E-05		1.47E-04		5.00E-04		1.90E-03

		8		1.21E-05		2.47E-05		2.50E-04		1.00E-03

		10						1.79E-05		5.40E-05

		30 km/h

		4		1.79E-04		2.30E-03		6.42E-03		1.70E-02

		6		6.46E-06		1.10E-04		1.35E-03		3.00E-03
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