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1 Introduction
In E-UTRA, system bandwidth can be wider than before, and users can also transmit on wider bandwidth. The E-UTRA target for spectrum efficiency is 3 to 4 times of Release 6 HSDPA and 2 to 3 times of Release 6 Enhanced Uplink [3]. These attributes permit a user to transmit or receive larger amount of data in a short duration through physical layer than that in Release 6. Better channel condition and large available physical resource permit UE have higher peak rate which can be implemented by providing large amount of data to physical layer from MAC, even  a complete IP packet with typical size of 1500 bytes may be transmitted at one time through the physical layer . 
In the contribution we discuss the possible approaches to deal with the transmission of large transport blocks from MAC through the physical layer, as well as their implications on HARQ, channel coding gain, coder/decoder complexity and processing latency, retransmission resource occupation and control signalling overhead. 
2 Processing approaches for large transport blocks
In this section, we compare several physical layer processing approaches for large transport blocks. 
Approach 1: Attaching only a single CRC to the large packet, transmitting it by variable TTI, and only feeding back a single ACK for the whole packet [2][3]
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Fig. 1 Attaching only a single CRC to a complete IP packet, transmitting it by variable TTI, and only feeding back a single ACK for the whole packet
Since a single CRC is attached to a large packet, while only a single ACK/NAK is fed back, the existing HARQ technology is practically not impacted, except that larger buffers are demanded.

However, dealing with such a large packet as a single transport block and only attaching a single CRC may cause some problems:
· Due to a single ACK/NAK for the entire packet, once the retransmission occurs, the whole packet should be retransmitted entirely, it will waste some physical resource. 
· Secondly, the coding and decoding latency will ascend with the increase of code length. Alternatively, a partition operation implemented after CRC attachment to do coding/decoding on several small packets can mitigate the problem.
· BLER performance improves very little with the increase of code length. And the BLER performance is a critical factor to determine the retransmission probability and total latency. It is correct that the coding gain increases with the code length and the BER and BLER performance improves accordingly, but the BLER performance improves less and less along with the code length.  
This approach does not do any segmentation to the transport block; and all the above problems result from dealing with the large packet as an entire transport block in physical layer. We introduce another two approaches in the following section which segment the transport block into pieces before CRC attachment to permit decoding and checking relatively dependently for each piece. The difference between approach 2 and approach 3 is whether multiple simultaneous ACK/NAKs are allowed or not. 
In UTRA HSDPA, there can be segmentation operation after CRC attachment; however, the transport block checks as a whole for a single CRC attached to the entire transport block like approach 1.  
Approach 2: Partitioning a large transport block into smaller ones at physical layer, each individually encoded with their own CRC, but a single ACK fed back for the entire packet
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Fig. 2 Partitioning a larger transport block into smaller ones in physical layer, each individually encoded with their own CRC, but a single ACK for the entire packet
The detailed processing step of approach 2: 

· partition a larger transport block into pieces according to the capability of coder/decoder and/or other factors at physical layer, 

· each piece is attached with its own CRC, actually it is also an entire packet at physical layer in a sense, for the pieces are always transmitted to the receiver simultaneously, 

· the receiver decodes the pieces in parallel and generates a single ACK/NAK for the entire packet according to a certain principle, e.g., if all the pieces are correct, feed back ACK, otherwise, NAK,
· the transmitter manages to retransmit the entire packet if it receives NAK.

A large transport block is partitioned into smaller ones each with their own CRC, yet these smaller packets are still deemed as an entire packet and only a single ACK/NAK is feedback. The multiple packets can be transmitted in one HARQ process, similar to the existing HARQ, so it will not impact the HARQ much. 

Parallel coding/decoding can decrease the processing complexity and latency. 
Certainly, the partition operation shortens the code length which will lead to slight coding gain loss compared to approach 1.
Approach 3: Partitioning a large transport block into smaller ones at physical layer each with their own CRC, however, different from approach 2, simultaneous multiple relevant ACK/NAKs for the smaller packets are fed back. And the retransmission only occurs to the erroneous piece(s) when needed.
[image: image3.png]MAC

preemg | pr— F—
ot
Sty
i ] T e
i

ACKMNAKs




Fig. 3 Partitioning a larger transport block into smaller ones in physical layer each with their own CRC, simultaneous multiple relevant ACK/NAKs for the smaller packets are fed back
The main difference between approach 2 and 3 is that approach 3 support simultaneous multiple ACK/NAKs.
The detailed processing step of approach 3: 
· partition a larger MAC PDU into pieces according to the capability of coder/decoder and/or other factors in physical layer, 
· each piece is attached to its own CRC, 
· the receiver decodes the pieces in parallel and generates the relevant ACK/NAKs for each piece, 
· the multiple relevant ACK/NAKs are fed back to the transmitter simultaneously,
· the transmitter manages to only retransmit the erroneous piece(s) according to the scheduling results and the received ACK/NAKs.

This approach allows simultaneous multiple ACK/NAK feedbacks which will certainly cause changes to the existing HARQ. These small pieces of a same packet can be transmitted in multiple simultaneous HARQ processes or just in one HARQ process.

Because the retransmission can only happens to erroneous piece(s) when needed, some of the retransmission bandwidth can be released and be utilized more effectively, and the cell throughput can be increased What’s more, the transmitter power can also be saved for early termination of the correctly decoded piece(s). 
All the above advantages are achieved at the cost of a little coding gain loss and slightly larger control signalling overhead (ACK/NAK).
3 Comparison and Summary
In this section, we collect the pros and cons of the 3 approaches from the perspectives of implications on HARQ, coding gain, coder/decoder complexity and processing latency,  resource retransmission occupation and control signaling overhead related to HARQ:
Table 1: Comparison of algorithms for large transport blocks processing

	
	1.Implications on HARQ
	2.Coding gain
	3.Coder/ decoder complexity and processing latency
	4.Retransmission resource occupation and power assumption
	5.Control signaling overhead 

	Approach 1
	small
	good 
	large
	large
	small 

	Approach 2
	small
	little less than Approach 1
	small
	large
	extra CRC than approach 1

	Approach 3
	multiple ACK/NAKs
	little less than Approach 1
	small
	small
	extra CRC+ACK


From the Table 1 and analysis, it can be seen that Approach 2 and 3 decrease the coder/decoder complexity and processing latency for inserting the partition operation before CRC attachment and coding. However, the cost is a little coding gain loss and extra CRCs. Furthermore, approach 3 allows simultaneous ACK/NAKs to avoid retransmitting those correctly decoded pieces, in this way, it will avoid unnecessary retransmission resource occupation and transmitter power consumption at the cost of extra control signaling overhead and some impacts on HARQ. 
4 Conclusion

We have discussed the three approaches to process the large transport blocks. Both Approach 2 and Approach 3 support partition operation before CRC attachment and coding in physical layer compared to the Approach 1. Different from Approach 2, Approach 3 also supports multiple simultaneous ACK/NAKs and retransmission only occurs to erroneous pieces . 
Taking the benefits and the costs into consideration, Approach 3 may outperform Approach 1 and 2. So we propose to adopt Approach 3. The maximum processing length of channel coder and decoder needs further study to ensure optimum performances.
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