Page 1
Draft prETS 300 ???: Month YYYY


TSG-RAN WG1 #35 meeting
R1-03-1393
Lisboa, Portugal

November 17th –21st, 2003

Agenda item:
7.2. Enhanced Uplink DCH – HARQ

Source: 
Nokia

Title: 



HARQ complexity – text proposal
Document for:
Decision

1 Introduction

This is a slightly modified text proposal on HARQ complexity (Tdoc R1-031207) based on the received comments. 

Text proposal for TR 25.896:

9.2.2
Complexity Evaluation <UE and RNS impacts>

9.2.2.1 Buffering complexity

9.2.2.1.1 Soft buffer at Node B

The principle of hybrid ARQ is to buffer E-DCH TTIs that were not received correctly and consequently combine the buffered data with retransmissions. The actual method of doing soft combining depends on the HARQ combining scheme selected. In Chase combining scheme the receiver always combines the full retransmission of the failed TTI, i.e. the amount of data in the receiver buffer remains the same. In the incremental redundancy schemes the receiver buffers coded symbols, which introduce new information to the E-DCH TTI transmitted first, i.e. the amount of data to be buffered increases with consecutive retransmissions. However, in practice the buffer in the receiver needs to be dimensioned considering the maximum number of coded bits of the E-DCH TTI after all the incremental redundancy has been introduced. Regardless of the HARQ combining scheme soft combining is done on L1 of Node B before the decoding stage of FEC. Prior to decoding these symbols are soft-valued, i.e. each symbol is represented by two or more bits. Here we call them soft symbols.

For N-process SAW HARQ, the number of soft symbols to be buffered in L1 receiver can be estimated generally as follows, since no new PDUs are transmitted on a subchannel before the previous packet is acknowledged. The receiver has to buffer one E-DCH TTI for each HARQ process and for each UE. The next transmission is either a new packet or a retransmission of an erroneous packet. In either case, the maximum buffering need is N E-DCH TTIs. The actual size of the buffer needed for each E-DCH TTI depends on the HARQ combining scheme as described above. Thus, for N-process stop-and-wait ARQ the L1 buffering at Node B for one UE can be expressed as: 
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Table 9.2.4 shows some examples for the soft buffer size required at Node B per UE. It should be noted that soft buffer is needed for all UEs waiting for retransmission at a given time. Thus these values have to be multiplied by the number of active UEs using E-DCH. Depending on particular implementations, the buffer may be shared between UEs and thus the total size of soft buffer can be reduced given that not all active UEs transmit simulteanously using the most demanding format. Also, it may be possible to re-use some existing buffers. 

Table 9.2.4 Node B soft buffer size (kilo soft symbols) per UE, for some example values of N (number of HARQ processes) and TTI lengths

	
	N=4, TTI=10 ms
	N=3, TTI=10 ms
	N=8, TTI=2 ms
	N=6, TTI=2 ms

	BPSK, SF=4
	38.4
	28.8
	15.36
	11.52

	QPSK or 2*BPSK, SF=4
	76.8
	57.6
	30.72
	23.04

	8PSK or 3*BPSK, SF=4
	115.2
	86.4
	46.08
	34.56

	2*QPSK or 4*BPSK, SF=4; 
or QPSK, SF=2
	153.6
	115.2
	61.44
	46.08


It should be noted that soft buffer in the Node B is not needed if soft combining is not used, e.g., with physical/MAC layer ARQ without soft combining.

9.2.2.1.2 Reordering buffer in radio network

Due to physical/MAC layer (H)ARQ, the MAC-e PDUs may be received in wrong order. Therefore, reordering of the MAC-e PDUs is required either in the Node B or in the RNC. Here the required reordering buffer size per UE is estimated. In the estimation it is assumed that only one high bit rate reordering queue is active for a UE at a time. Furthermore, maximum of 3 retransmissions per MAC-e PDU is assumed and the buffer size is calculated for the worst case where one ARQ process requires retransmissions while the others get blocks through and forward them to reordering queue. The worst case buffer size is then calculated as
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These values have to be multiplied by the number of E-DCH UEs served by the Node B or by the RNC, depending on the location of the reordering buffer. Depedending on implementation and location of the re-ordering buffer, it may be possible to re-use some existing buffers.

Table 9.2.5 Reordering buffer size (kB) per UE, for some example values of N (number of HARQ processes) and TTI lengths

	User data rate
	N=4, TTI=10 ms
	N=3, TTI=10 ms
	N=8, TTI=2 ms
	N=6, TTI=2 ms

	384 kbit/s
	4.8
	3.36
	2.1
	1.5

	768 kbit/s
	9.6
	6.72
	4.2
	3.1

	1 Mbit/s
	12.5
	8.8
	5.5
	4.0

	1.5 Mbit/s
	18.8
	13.1
	8.3
	6.0


9.2.2.1.3 Retransmission buffer in UE

In addition to buffers in the receiver side, also some buffer at UE side is needed. The retransmission buffer can be either at MAC layer as info bits or at physical layer as coded bits. The total number of coded bits is typically 3 times the number of info bits. Table 9.2.4 shows also the required retransmission buffer size in kbits (assuming that coded bits are buffered). Depending on implementation it may be possible to re-use existing buffers.

9.2.2.2 Encoding/decoding and rate matching complexity

Rate 1/3 turbo code specified in Rel99 as well as the two stage rate matching specified for HSDPA are supposed to be possible to reuse for E-DCH with some modifications. These are not considered to bring much more complexity for uplink processing than already is in Rel99/4/5.

9.2.2.3 UE and RNS processing time considerations

One of the major complexity issues for fast HARQ is the tight processing time requirement that it sets to the Node B and the UE. Section 8.2 already discusses the processing times as well as other delay components related to fast HARQ. 

9.2.2.4 HARQ BLER operation point and complexity

Section 9.2.1.3 states that HARQ efficiency is increased when the maximum number of transmissions is increased. That also implies that the first transmission BLER is increased. From complexity point of view, the increase of BLER operation point (to 50% or even higher) also means complexity increase. If the first transmission BLER is high and the single user throughput is kept the same, then the peak data rate has to be increased, which means that more hardware and/or software resources have to be allocated for each user both at UE and radio network side. On the other hand, if single user throughput is allowed to decrease and the system throughput is increased by allowing more users in the cell, this also requires more hardware and/or software resources in the network side. The higher peak data rate per user or more users both imply that the amount of processing, as well as the amount of the buffering is increased at Node B. Also the amount of Iub traffic and buffering and processing at RNC is increased if the reordering is performed at RNC.

Roughly speaking BLER=50-60% operation point requires that the baseband buffers and amount of processing resources are doubled compared to BLER=10% operation point.
------------------------------- End of text proposal ----------------------------
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