3GPP TSG-RAN WG2 #60bis
R2-080368
January 14th-18th, 2008
Sevilla, Spain
Agenda item: 
6.4.1
Source: 
Qualcomm Europe
Title: 
Performance of Radio Aware and Unaware RLC
Document for:
Discussion, Decision
1
Introduction
At RAN#51, flexible RLC PDU sizes as well as MAC segmentation of RLC PDUs were introduced for the “Improved L2” [1,2]. It was also agreed to have a minimum and a maximum RLC PDU size. However, the method of choosing the PDU size was not decided. On uplink, since both the RLC and MAC layer reside at the UE, it is natural to exploit the benefits of a joint decision on RLC and MAC PDU generation. In this contribution, we argue for the advantages of a radio-aware solution where the RLC PDU size for the first transmission is determined based on the channel conditions and the serving grant. Based on these performance gains, we recommend that the radio-awareness should be a UE capability and the maximum RLC PDU size should be set at a large value by the network for such UEs. 
2
Discussion
In the radio-aware method, RLC PDU selection can be performed after the E-TFC selection thus taking into account both the channel conditions (UE power headroom) and the serving grant. Thus, exactly one RLC PDU is generated and no MAC segmentation is necessary at the first RLC transmission. In contrast, in the radio-unaware scheme, the RLC PDU size is constant at the maximum RLC PDU size (max_PDU_size) assuming there is enough data in the buffer. Choosing a constant PDU size degrades the system performance because of the two main reasons:

1. Increased overhead when the channel conditions are good: If the UE is able to transmit larger than the maximum size PDUs, then it will be sending multiple RLC and MAC headers in the radio-unaware scheme instead of just one for a single PDU.
2. MAC segmentation when channel conditions are bad: If the TB size corresponding to the selected E-TFC is smaller than the maximum RLC PDU size, then depending on the TB size, the MAC SDU may have to be segmented. As a result RLC will experience a variable residual error rate depending on the TB size. Reducing this variation will force maximum RLC PDU sizes to be small which reduces the achievable goodput and also trigger RLC retransmissions causing higher packet delays.
In addition to the above, segmentation of an RLC PDU will increase the delay of the RLC control PDUs. The MAC layer does not request a new RLC PDU until the segmented data PDU finishes transmission. The increased delay of status PDUs will also degrade the RLC performance unless dual logical channels are used for the control and data part. 
We will compare two systems: A radio-unaware (RUA) system with a maximum RLC PDU size of M bits and a radio-aware (RA) system with no such maximum size. Although a maximum size was agreed in the previous meetings, we will show that the larger maximum sizes, the better the system performance is for the RA system and therefore it should be chosen as large as possible.

The quantities of interest for the system performance in this context are the goodput and the residual error. As a practical approximation, we look at them after a single RLC retransmission unless otherwise noted. We assume that the MAC layer operates at a BLER of p=0.01. Then, if the RLC PDU is segmented into N MAC PDUs, the RLC residual error rate is 1-(1-p)^N. The goodput difference between two schemes depends on both this error rate and also the overhead. We define the ‘normalized goodput’ as (1-Residual Error Rate)*(1-normalized overhead)/(average no of transmissions). Here ‘normalized overhead’ is the ratio of MAC and RLC headers to the MAC PDU size and ‘average no of transmissions’ is the mean value of RLC transmissions for an RLC PDU. In the sequel, we will use the term ‘residual error’ to the packet error seen by an RLC PDU due to CRC failure at the physical layer. The term ‘transmission’ will also refer to the one of RLC. We also assume the following header sizes: RLC: 16 bits; MAC-is: 8 bits; MAC-i: 16 bits (per RLC PDU).
Figure 1 shows that the normalized goodput for different maximum RLC PDU (max_PDU_size) sizes. When the TB size is larger than the max_PDU_size, the RA system performs better by about 2-3%. As the max_PDU_size increases, the performance gap decreases as expected. As noted above, the RA system considered here has the max_PDU_size set to a very large value (above 12000 bits) unless otherwise noted. If the same max_PDU_size is imposed for the RA system as well, this will limit the performance of the RA system when TB size is larger than the max_PDU_size and RA system will perform as bad as the RUA one. The jumps of the RUA curves in the figure are due to the MAC segmentation of RLC PDUs for which it was assumed that the residual error of a segmented RLC PDU after the first transmission is 0.02 (i.e. the RLC PDU was segmented into 2 MAC segments).
 [image: image1.emf]0 2000 4000 6000 8000 10000 12000

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

Transport Block size (bits)

Normalized Goodput

Goodput comparison of Radio aware and unaware

 

 

RA

RUA w/ max 1200bits

RUA w/ max 1800bits

RUA w/ max 2400bits


Figure 1 Goodput comparison of RA and RUA for large TB sizes
The above discussion shows the advantages of a large max_PDU_size. However this introduces increased residual error for the RUA system because of the MAC segmentation when the TB size is small. As shown in Figure 2, the residual error after a single RLC transmission is quite high (which will require RLC retransmissions and thus degrade delay performance) and varies depending on the TB size which renders the choice of an optimal maximum RLC PDU size difficult for the RUA scheme.
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Figure 2 Residual Error of RA and RUA for small TB sizes after 1 RLC transmission
The higher residual error also lowers the goodput as shown in Figure 4. It can be seen that the gain of radio-awareness is as high as 10% in this case after 2 RLC transmissions. Since the goodput loss of the RUA system here is higher than for larger TB sizes shown in Figure 1 and there is also a higher residual error, it is preferable for the RUA systems to have a small max_PDU_size.
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Figure 4 Goodput comparison of RA and RUA for small TB sizes
The analysis in Figure 1 assumed that the TB size was same for both the first and second transmissions. It is possible that the TB size could be smaller for the second transmission due to channel variations and serving grant reductions. This will cause MAC segmentation for the RLC retransmission. Figure 5 shows this scenario for 3dB, 6dB and 9dB reductions in the TB size. The residual error rate for the RA scheme is linearly scaled with the number of MAC segments of the retransmitted PDU. Here it was again assumed that the max_PDU_size was more than 12000 bits and even with this setting, the error is at acceptable levels if the TB drop is as high as 9dB. We note that 9dB or higher drop in the TB size is an unlikely event. The goodputs did not change significantly under the considered changes in the TB size and therefore they were similar to as shown in Figure 1.
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Figure 5 Residual Error of RA with drops in the E-TFC
3 
Conclusions

As discussed above, the radio unaware system needs a larger maximum RLC PDU size in order to reduce the MAC/RLC header overhead when the channel conditions are good. However this degrades both the goodput and error performance for UEs under bad channel conditions (with small TB sizes) significantly. In addition, MAC segmentation will delay the transmission of status PDUs triggering further performance degradation. Therefore, we propose that if a UE does not implement radio-awareness as described above, this should be signaled to the network to receive a smaller maximum RLC PDU size and also have dual logical channels configured. The proposed way of achieving this is by making the radio-awareness a UE capability.  
In the radio-aware solution, a larger maximum RLC PDU size further improves the performance as shown above and there is no benefit of even setting a maximum size. The maximum RLC PDU size should not restrict the achievable peak throughput when the round-trip-time is large (e.g. more than 150ms). Also it should allow the UEs in good channel conditions to be able to send an RLC PDU without MAC segmentation. Given that the typical MTU for TCP/IP packet is 1500 bytes, we recommend that the maximum RLC PDU size should be set to no less than 12000 bits for RA UEs. 
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