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1.
Introduction
At the last meeting in Sorrento, initial discussion on the reordering is done. It was agreed that mapping of multiple logical channels to a single priority queue is supported in the transmitting side. But receiving side behavior is not decided. 
In this document, we discuss how TSN is set and how reordering should be done.
2.
Discussion
2.1 Per logical channel reordering and TSN setting
The first issue that we have to look at is what the base of reordering is. In Rel-5 HSDPA, a UE performs reordering per priority queue. But in Rel-6 HSUPA, the RNC performs reordering per logical channel. We believe that L2 enhancement also has to follow what HSUPA has adopted. 
The well-known problem of per-queue reordering and difference between per-logical channel reordering and per-queue reordering are shown in the following figure 1 and 2.
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Fig. 1. Case when per queue reordering is done

[image: image2.emf]TSN=4 SN=10 SN=11 SN=12

TSN=5 SN=13 SN=14 SN=15

TSN=6 SN=16 SN=3 SN=4

TSN=7 SN=5 SN=6 SN=7

Node-b

MAC-hs

TSN=5 SN=13 SN=14 SN=15

TSN=6 SN=16 SN=3 SN=4

TSN=7 SN=5 SN=6 SN=7

O

O

O

X

MAC-hs

UE

RLC 1 RLC 2

SN=3

SN=4

SN=5

SN=6

SN=7

SN=X

RLC PDU for 

RLC 1

SN=X

RLC PDU for 

RLC 2

Time


Fig. 2 Case when per logical channel reordering is done
In figure 1, it is assumed that MAC-hs PDU with TSN=4 is lost over the air. Even though MAC-hs PDU with TSN=4 does not include any data for logical channel 2, delivery of data for logical channel 2 in the subsequent MAC-hs PDUs are delayed. Because TSN is increased per priority queue, there is no way for the receiving side to know the content of lost MAC-hs PDU. I.e, the correctly received subsequent MAC-hs PDU can not avoid stalling until T1 timer expiry. 

On the other hand, as shown in figure 2, if per logical channel reordering is performed, the blocking occurs on some logical channels not entire logical channels. Because each reordering queue works independently, stalling in one reordering queue does not cause delay in other reordering queue. In this respect, per logical channel reordering should be adopted also for HSDPA. 
Because HSUPA uses per logical channel reordering, it may not be hard to implement this in HSDPA. Furthermore, target of L2 enhancement is to increase throughput. Because some delay in lower layer leads to decrease in throughput, unnecessarily delay should be removed. Then, per logical channel reordering is a natural choice. 
Conclusion:
Use per logical channel reordering for L2 enhancement

It can be argued that, even though reordering is done per logical channel, it does not necessarily mean that TSN value should be included per logical channel.  If TSN value can be shared among logical channels of same priority queue, the size of header can be reduced in case that MAC-hs PDU includes data from logical channels of same priority queue. But this kind of TSN sharing among logical channels from same priority queue will not work well for per-logical channel reordering.
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Fig. 3 Case when TSN is set per priority queue
In figure 3, the problem is shown when TSN is set per priority and reordering is done per logical channel. Here, it is assumed that MAC-hs with TSN=4 is lost over the air. Because TSN is assigned per priority queue, when a MAC-hs PDU is lost, each logical channel has to assume that its data was included in the lost MAC-hs PDU. In this example, even though MAC-hs PDU with TSN=4 does not include any data for logical channel 2, there is no way that the reordering entity for logical channel 2 knows that MAC-hs PDU with TSN=4 does not have any data for it.

Accordingly, if TSN is assigned per priority queue, operation of each reordering queue depends on all the MAC-hs PDU. This leads to longer delay in data delivery.
On the other hand, if TSN is included per each logical channel in MAC-hs PDU, unnecessary delay does not appear.
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Fig. 4 Case when TSN is set per priority logical channel
As shown in figure 4, the loss of one MAC-hs PDU does not always have impact for all the reordering entity. When a MAC-hs PDU is not correctly received at the receiving side, only the reordering entity for logical channel which data was included in that MAC-hs PDU will be impacted. In the example figure 4, because the lost MAC-hs PDU included data for only logical channel 1, stalling situation occurs only for reordering entity 1. But there is no impact on the reordering entity 2 and the data for RLC 2 can be delivered immediately.
In Rel-5, one of reasons why TSN is set per priority queue is that C/T field is not known to MAC-hs entity. MAC-hs entity in Node-b may be able to look into MAC-hs SDU to know which logical channel the MAC-hs SDUs came from. But this was thought as layering violation. Thus in Rel-5, TSN could not be managed per logical channel and per priority queue reordering was adopted.

By the way, in L2 enhancement WI, it is assumed that MAC-hs entity in Node-b knows the logical channel which each MAC-hs SDU belongs to. If MAC-hs entity in node-b can manage logical channel information of each MAC-hs SDU, it will obviously means that MAC-hs entity also can handle TSN value per logical channel. Then, there is no reason not to adopt TSN setting per logical channel. 
Conclusion:

TSN is managed and set per logical channel. 

Following figure 5 shows overall structure.
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Fig. 5 Overall structures for Enhanced MAC-hs
3.
Conclusion
It is proposed to agree conclusion in section 2 and update appropriate specification.
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