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1 Introduction

There has been an intense activity over the e-mail reflector to correctly capture the stage 2 agreements on RLC HARQ reordering. The results are largely satisfactory, but some points need to be clarified especially regarding T_reordering and VR (MS). This contribution describes Samsung’s understanding on the issues with a simple example, and proposes to discuss number of remaining issues yet to be decided. 
2 Discussion
This section discusses how VR(R), VR(X) and VR (MS) to be updated with an example given below. In the RLC specification, variables are defined as followings.

a) VR(R) – Receive state variable

This state variable holds the value of the SN following the last in-sequence completely received AMD PDU, and it serves as the lower edge of the receiving window. It is initially set to 0, and is updated whenever the AM RLC entity receives an AMD PDU with SN = VR(R).
d) VR(X) – T_reordering state variable

This state variable holds the value of the SN of the RLC data PDU which triggered T_reordering or those following which are received in-sequence. It is initially set to NULL.

f) VR(MS) – Maximum STATUS transmit state variable

This state variable holds the value of the highest SN that can be included in a STATUS report, i.e. it serves as the higher edge of the STATUS transmitting window. It is initially set to 0.
Table 1 describes the scenario briefly, and discusses how those variables should be updated.
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Figure 1. Example Scenario
	
	Description
	VR(R)
	VR(X)
	VR(MS)

	Pre-T0
	· VR(R) is initialized to 0. VR(X) is initialized to Null.

· Issue 1. How to initialize VR (MS)?
	0
	Null
	?

	T0
	· PDU [0], PDU [1] correctly received. 

· VR(R) is updated accordingly.
	2
	Null
	?

	T1
	· PDU [3] correctly received. PDU [2] is identified as missing. 

· VR(X) is updated as described in the definition.
· VR (MS) should be the highest SN of the HARQ reordered PDU. 
	2
	3
	1

	T2
	· More PDUs received. More PDUs identified as missing. 
· VR(R) is updated when SN = VR(R) is received.

· VR(X) is updated when SN = VR(X) is received or T_reordering expires.

· VR (MS) is updated when VR(X) is updated. 
	2
	3
	1

	T3
	· SN = VR(R) is received, thus VR(R) is updated to the next missing PDU’s SN.
· SN = VR(X) is received, thus VR(X) is updated to the highest SN of the missing PDUs.

· VR(X) is updated, thus VR (MS) should be updated to the highest SN of the HARQ reordered PDU, which is 4. 
	5
	8
	4

	T4
	· PDUs with lower SN than updated VR(R) are reassembled and forwarded to the upper layer
	5
	8
	4

	T5
	· T_reordering against VR (X) = 8 expires.  
· Status Report is triggered. 

· VR(X) should be updated to the highest SN of the missing PDU.

· Issue 2. Should VR(X) be updated uni-directionally (e.g. only to the higher SN) or bi-directionally?
· VR (MS) is updated to 11.
	5
	?
	11

	T6
	· PDU [12] is identified as missing. 
· VR(X) is updated to the 13.
	5
	13
	11

	T7
	· PDU [5] is received. 
· VR(R) is updated to 7.
	7
	13
	11


Table 1: Updating variables in the example scenario
ISSUE 1. How to handle VR (MS). 

VR (MS), in our opinion, is the highest SN of the PDU reordered so far in HARQ level. Then it should be initialized to VR (R) -1, until the first PDU is received. When all the RLC PDUs are received correctly, the highest SN of the PDU reordered in HARQ level is simply [VR(R) – 1] e.g. 1 at T1. When T_reordering is running, the highest SN of the PDU reordered is coupled with the previous VR(X). In such case, the highest reordered SN is the SN one less than the SN of the first not received PDU whose SN is higher than the previous VR(X) e.g. 11 at T5.
Proposal 1

VR (MS) is the higher one between [VR(R) – 1] and the SN one less than the SN of the first not received PDU whose SN is higher than the previous VR(X)    
Proposal 2

VR (MS) is updated whenever VR(X) or VR(R) is updated.
ISSUE 2. How to update VR (X).

VR(X) is the SN of the RLC PDU which triggered T_reordering. The question is when T_reordering for a RLC PDU expires and there are missing PDUs with the lower SN than the previous VR(X). If the VR(X) is updated to the lower SN, the role of T_reordering becomes a bit inconsistent. As its name implies, T_reordering is the timer about the HARQ reordering. The PDU whose SN is lower than the VR(X) should be regarded as HARQ reordered. Therefore, our opinion is that VR(X) should be updated in one direction, unless sufficient gain is seen with other approach. Indeed one can argue that updating the VR(X) to the lower value reduce the retransmission delay of the already reordered missing PDU. This is true, but results in unfair handling of missing PDUs.  For example, when there is rare activity, T_reordering will be triggered continuously to the missing PDUs until all the missing ones are recovered. This results in periodic status reporting with the periodicity of T_reordering. It will not be such if RLC PDU is actively received, because T_reordering expires with the frequency of e.g. 10-2. 
Proposal 3
When a T_reordering is not running, a PDU is received, and the SN of the PDU is higher than the VR (H), T_reordering starts. VR(X) is updated to the SN of the received PDU. 
Proposal 4

VR (X) is updated to the highest SN of the missing PDUs whose SN is higher than the previous VR(X) when SN = VR(X) is received or when T_reordering expires.

Proposal 5

If there is no such PDUs, VR(X) is updated to Null and T_reordering does not restart.

ISSUE 3. Updating VR (MS)  in case of resegmentation.

In the current procedure text in 5.1.23.2.4, VR (MS) is updated when a segment of a PDU with SN = VR (MS) is received. In our opinion, VR (MS) is the highest SN of RLC PDU reordered in HARQ level, which means that PDU with SN = VR (MS) should already be stored in the reception buffer, therefore if any PDU with SN = VR (MS) is received, this is simply a duplicated reception. It is proposed to remove this part, and to update VR (MS) only when VR (X) or VR (R) is updated.
Proposal 6

VR (MS) is not update with the reception of a segment of a PDU with SN = VR (MS).

3 Conclusion
It is proposed to discuss above issue and to check the general understanding on VR(X) and VR (MS). If the proposals are agreeable, Samsung will provide the relevant CR as soon as possible. 
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