3GPP TSG-RAN WG2 meeting #48bis




R2-052512
Oct 10th – 14th , 2005





Cannes, France
Agenda item:
10.2

Source: 
LG Electronics Inc.
Title: 
Enhancement of RLC
Document for:

Discussion, Decision

1.
Introduction
In this document, we discuss ways to enhance performance of RLC entity.
2.
Possible Enhancement
2.1
RTT Measurement

In [1], we can see that performance of RLC entity is much impacted according to the setting of Timer_status_Prohibit value in relation to the RTT value. According to the section 10.3.4.1 of TS 25.331, we can set Timer_status_Prohibit with resolution of 10ms. This resolution does not seem to be a limiting factor in RLC performance, considering that many underlying parts in UTRAN works with this resolution. So, it seems that we have already some supporting tools to increase RLC throughput.
But these seem to be not enough.
In Rel-99 it is SRNC which decides Timer_status_Prohibit value and this value is configured in UE by RRC signalling. Because it requires RB reconfiguration whenever this value needs be changed, Timer_status_Prohibit can be considered as semi-static and can not be updated so frequently. 
Besides, there are many factors that can influence RTT value in addition to radio propagation delay. Processing time in the AM receiving side and transmitting side, HARQ scheduling delay, Iub delay or HARQ retransmission delay also have some impact on the RTT value. And this value often changes during the connection. So even though Timer_status_Prohibit is set to correct RTT value at initial setup, we can not be sure that this is also true afterward. Furthermore, SRNC do not know real RTT value at initial RB setup or DCH setup because there is no available measurement data for that UE.

Because current way of setting of Timer_status_Prohibit is not optimal in RLC entity, we needs new ways to set Timer_status_Prohibit value for enhancement of AM RLC. Same thing can be applied to Timer_Status_periodic or Timer_poll_periodic. New method should meet two requirements. One is easy updatability and the other one is accuracy.
2.1.1
Possible solution

The easiest way to meet both requirements is for RLC entity itself to measure RTT value and set Timer_Status_periodic to the measured RTT value. To do this, the RLC entity measures the difference between the time of status PDU transmission and the time of reception of PDU which is reported to be missing in the status PDU. Then, the RLC entity use this measured value as RTT value and set Timer_status_Prohibit according to that.
In good radio condition where there is very little possibility of PDU loss, the measured value will be equal to real RTT value. But this method can experience bad result when the status PDU is also lost over the air or the re-transmitted PDU is lost over the air. This will increase the RTT value unnecessarily, and result in bad performance if AM entity uses it as Timer_status_Prohibit value. Though averaging the measured RTT value can be one method, this will not be helpful when channel condition is bad.
Then another option is to use new SUFI.
Because there are 8 reserved SUFI types currently, we have rooms to define new SUFIs. One new SUFI can be defined as RTT Measurement Request SUFI and the other one is RTT Measurement Response SUFI. Whenever the RLC entity wants to update RTT value, it just needs to send RTT Measurement Request SUFI. And whenever the RLC entity receives RTT Measurement Request SUFI, it has to send immediately RTT Measurement Response SUFI. Using time difference of transmission of RTT Measurement Request SUFI and the reception of RTT Measurement Response SUFI, the RLC entity can measurement reliable RTT value. 

In this method, to remove the effect of lost RTT Measurement Request SUFI or RTT Measurement Response SUFI, each SUFI can include sequence number to identify different RTT Measurement attempt. And by averaging, we can remove some jitter in the measurement, and the result can be used in setting Timer_Status_periodic as well as Timer_status_Prohibit.
2.2
Status Report Transfer
According to current specification, when receiving AM RLC entity has to send a status report and if there are no room in the AMD PDU, it includes the status report into Status PDU. In this case, when the size of status report is shorter than the size of Status PDU, padding bits will exist in Status PDU. Actually, from the efficiency point of view, it is always better to include status report into Piggybacked Status PDU than to use Status PDU. But in most of the cases, we may not be able to use Piggybacked Status PDU due to no available space in AMD PDU..
Padding bit in Status PDU means wasting of resource. But it also means reduced data throughput because one Status PDU takes chances of transmission of another AMD PDU. Thus we should try to reduce the usage of Status PDU as possible as we can. This means more use of Piggybacked Status PDU is preferred than Status PDU. This is especially true when the size of status report is small.
One way to solve this is to allow the inclusion of Piggybacked Status PDU into AMD PDU, even when there is enough data to fill the AMD PDU, i.e, even when there is no padding space in AMD PDU. According to the current specification, it is the case that the SDU included just before Piggybacked Status PDU in one AMD PDU ends in that AMD PDU. But if we loosen this restriction, Piggybacked Status PDU can be included into any AMD PDU. To make this possible, it is proposed to introduce new special LI. This new special LI indicates the existence of piggybacked Status PDU even though there is originally no padding space in the AMD PDU. 
To show the difference, following figure depicts the current RLC operation. In this example, it is assumed that two PDU can be transmitted in one TTI and there is enough user data to transmit. In this figure we can see that one whole PDU is allocated for the transmission of Status PDU in TTI 2. 
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Fig.1.  Current operation of AM RLC 
But if we allocate first space for the status report and then fill other remaining space of AMD PDU with SDUs, we can increase efficiency. Following is proposed operation.
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Fig.2.  Proposed operation of AM RLC
As shown above, AM RLC entity can include Piggybacked Status PDU into any AMD PDU by introducing new special LI. Especially, new special LI value is inserted to indicate the existence of piggybacked Status PDU. Actually current TS 25.322 also define special LI to indicate the existence of Piggybacked Status PDU. But the difference between the new special LI and the existing one is that with existing LI, piggybacked Status PDU is inserted between SDUs. With new special LI, the Piggybacked Status PDU is inserted in the middle of SDU. And with existing LI, it’s possible a PDU will have still padding bits even though piggy-backed Status PDU is included. But with new LI, there is no padding space in a PDU.

The example format of the PDU with new LI can be as following.
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Fig.3. Proposed format AM RLC PDU
For a new special LI, according to the TS 25.322 there are several reserved LI. It is 1111100, 1111101 for 7 bit LI and 111111111111100 111111111111101 for 15 bit LI. So these values can be defined as new special LI.
By the way, there is one more point to note. When there is no AMD PDU to send, Status report can be included into STATUS PDU and this STATUS PDU can take any size that MAC layer indicates. This will not cause any problem in the receiver. But whether this is allowed or not is not clear in the specification and currently available reference RB configurations has only one size for the AM RLC. At one TTI and for one logical channel, all the PDU have to have same PDU size.
3.
Conclusion
It is proposed to discuss the enhancement of RLC proposed in this document and to agree to: 

· Define new SUFI for RTT measurement.

· Introduce mechanism to include status report in any AMD PDU.
4.
Reference
[1] R2-050095, RLC Status Reporting Enhancement, Qualcomm
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