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1 Introduction

Following contributions [1]-[2] describing an issue with the reordering procedure in Enhanced Cell_Fach it has been decided in Kobe to address this issue by performing reordering in the MAC-ehs [3]. It was also agreed to have an email discussion to determine the best solution to the issue. This document summarizes the outcome of the e-mail discussion.

2 Analysis of possible solutions

In the following we describe different solutions that have been considered with some analysis of the resulting behaviour. The following general assumptions are made:

- The message transmitted over SRB#0 or SRB#1 is contained into a number (N>=1) of MAC-ehs PDUs;
- The TSN of the first PDU that the UE needs to receive for proper handling of the RRC message is Ns;

- The TSN of the first PDU transmitted by the Node B after the UE starts listening to the HS-DSCH is Nf;
With these parameters two scenarios can be identified:
A) Single UE on common H-RNTI: in this scenario the UE that starts listening to the common H-RNTI is the only UE currently being served with the common H-RNTI, so that Nf = Ns;
B) Multiple UEs on common H-RNTI: in this scenario the Node B was already transmitting data to another UE on the common H-RNTI when the UE starts listening to the common H-RNTI, so that Ns > Nf;
We note that both scenarios will occur during actual operation, with probabilities that depend on the overall traffic load from SRB#0 and SRB#1.
2.1 Do nothing

Description

The network and the UE do nothing particular to handle the SRB#0 and SRB#1 cases. This means that the network uses the whole space of TSN values (0 to 63) in sequence and wraps around to 0. The UE starts listening with its reordering variables (RcvWindow_UpperEdge and next_expected_TSN) set to their normal initial values (63 and 0 respectively).

Analysis

A) Single UE scenario
We assume that the set of PDUs that the UE needs to receive in order for proper handling of the RRC message have TSN ranging from Ns to (Ns + N – 1). The value of Ns can be anything between 0 and 63. The first decoded PDU may or may not be the one with TSN = Ns. Three cases may be identified:

1) Ns is between (63 – RECEIVE_WINDOW_SIZE + 1) and 63. In this case, the message will never be delivered properly as can be seen by looking at the sub-cases:

1a) If any PDU with TSN between Ns and 63 is received first, this PDU will be deleted. 

1b) If the PDU with TSN = 0 is part of the set of PDUs and is decoded first, this PDU will be delivered immediately to the upper layer before all PDUs with TSN between Ns and 63 which also results in improper operation.

1c) Finally, if a PDU with TSN > 0 is part of the set of PDUs and is decoded first, the T1 timer will be started. Subsequently received PDUs with TSN < 0 would either be deleted or delivered after the first decoded PDU depending on whether they are inside or outside the receiver window after decoding of this first received PDU.

2) Ns is between 1 and (63 – RECEIVE_WINDOW_SIZE). If the first decoded PDU is also between 1 and (63 – RECEIVE_WINDOW_SIZE) the T1 timer is started upon reception of this PDU and the message may be properly delivered following the expiration of this timer. On the other hand, if the first decoded PDU is between (63 – RECEIVE_WINDOW_SIZE + 1) and 63 this PDU will be deleted and the message will not be delivered properly.

3) Ns is equal to 0. In this case, the message could be delivered properly without any additional delay if the first decoded PDU is the one with TSN = Ns.

B) Multiple UEs scenario
The above analysis remains essentially the same, except that case (1) occurs only if the first decoded PDU between Nf and Ns is also between (63-RECEIVE_WINDOW_SIZE +1), and case (3) now occurs if the first decoded PDU between Nf and Ns is equal to 0.
2.2 Network does not use normal TSN sequence 

2.2.1 Original concept
Description

The network handles the setting of the TSN field in a way that reduces the severity of the issue(s) at the UE side. The Node B restricts itself to using the subspace of TSN values between 0 and (63 – x) where x >= RECEIVE_WINDOW_SIZE to prevent deletion of a decoded PDU by a UE that started to receive on the common H-RNTI.

Analysis

A) Single UE scenario
We assume that the set of PDUs that the UE needs to receive in order for proper handling of the RRC message have TSN ranging from Ns to (Ns + N – 1) modulo (63 – x + 1). The value of Ns can be anything between 0 and (63 – x). The first decoded PDU may or may not be the one with TSN = Ns. The following cases may be identified:

1) Ns is between 1 and (63 – x – N + 1). In this case the T1 timer is started upon reception of the first decoded PDU regardless of its TSN and the upper edge of the window is set to this TSN. Upon expiration of the timer the PDUs should be delivered in the right order.

2) Ns is between (63 – x – N + 2) and (63 – x). Thus the first (63 – x – Ns + 1) desired PDUs have TSNs ranging from Ns to (63 – x) and the other ones have TSNs restarting at 0. A few sub-cases need to be analyzed separately:

2a) If the TSN of the first decoded PDU is between Ns and (63 – x) the T1 timer is started and the upper edge of the window is set to this TSN. If all PDUs with TSN <= 63 – x are decoded before any PDU with TSN >= 0, the PDUs will be delivered in order but the T1 timer will be started again upon reception of the first PDU with TSN >= 0. Otherwise (i.e. if any PDU with TSN >= 0 is decoded prior to any PDU with TSN <= 63 – x) the PDUs will be delivered out-of-order and the message will not be delivered properly. 

2b) If the TSN of the first decoded PDU is 0 this PDU will be delivered immediately and the message will not be delivered properly (as this is not the first PDU of the desired sequence). 

3) Ns is equal to 0. In this case, the message could be delivered properly without any additional delay if the first decoded PDU is the one with TSN = Ns.

B) Multiple UEs scenario

If some or all PDUs between Nf and Ns – 1 are decoded:

· In case (1), if the TSN does not go through 0 between Nf and Ns, the analysis remains essentially the same except that the first T1 timer is started earlier - upon reception of the first decoded PDU (below Ns) in cases (1) and (2). On the other hand, if the TSN goes through 0 between Nf and Ns (or if Ns is 0), the T1 timer will be started again upon reception of the first PDU with TSN >= 0.
· Case (2) remains essentially the same except that the first T1 timer is started upon reception of the first decoded PDU.
· Case (3) only occurs if the TSN of the first decoded PDU is equal to 0.
2.2.2 Network restricts the spread of TSNs of a message

Description

The description is the same as section 2.2.1. Besides, the Node B restricts the spread of TSNs of a message to not overlap the unused TSNs. Node B relies on Iub signalling or a defined constraint that RNC does not use segmentation at RLC to identify the different RRC messages.

Open question: need to describe how this would work if segmentation at RLC cannot be avoided.
Analysis

A) Single UE scenario

The analysis is the same as section 2.2.1 but the case 2) does not exist due to the restriction of the spread of TSNs of a message

B) Multiple UEs scenario
If some or all PDUs between Nf and Ns – 1 are decoded:

· In case (1), if the TSN does not go through 0 between Nf and Ns, the analysis remains essentially the same except that the first T1 timer is started earlier - upon reception of the first decoded PDU (below Ns) in cases (1) and (2). On the other hand, if the TSN goes through 0 between Nf and Ns (or if Ns is 0), the T1 timer will be started again upon reception of the first PDU with TSN >= 0.

· Case (2) still does not exist

· Case (3) only occurs if the TSN of the first decoded PDU is equal to 0.
2.3 UE uses modified initial value(s) for reordering variable(s)

2.3.1 Original concept

Description

The network handles the setting of the TSN field as usual. The UE generally follows the existing reordering procedure, except that its initial state (variables next_expected_PDU and RcvWindow_UpperEdge) is modified to avoid deletion of the first decoded PDU or out-of-order delivery of the decoded PDUs. One possible version of this approach has been proposed in [3]. However, a simpler way of implementing this approach has been identified and is presented in Appendix.

Analysis

A) Single UE scenario

We assume that the set of PDUs that the UE needs to receive in order for proper handling of the RRC message have TSN ranging from Ns to (Ns + N – 1). The value of Ns can be anything between 0 and 63.

With this solution the behaviour is the same regardless of the value of Ns. When the first PDU is decoded (regardless of whether the TSN of this PDU is Ns or a larger TSN), the T1 timer is started and the upper edge of the window is moved to this TSN. At the same time next_expected_TSN is set to the lower edge of the window thus preventing deletion of upcoming PDUs. When the T1 timer expires or is stopped the PDUs are delivered in order.

B) Multiple UEs scenario
If some PDUs between Nf and Ns -1 are decoded, the analysis remains essentially the same, except that the first T1 timer is started earlier - upon reception of the first decoded PDU (below Ns) in cases (1) and (2).
2.3.2 UE delivers complete SDUs in buffer
Description

The network handles the setting of the TSN field as usual. The network refrains from segmenting RRC messages at RLC. The UE uses a modified initial value of the reordering variable as in solution 2.3.1. In addition, if the UE detects that a MAC-ehs PDU in the reordering buffer contains a complete RLC PDU, it delivers this MAC-ehs PDU immediately to the higher layer, using an approach similar to DAR (Duplicate avoidance and reordering) method used for MBMS receiving in RLC UM. 
Open question: does the solution require introduction of flexible RLC PDU size for UM?

Analysis

The analysis is the same as section 2.3.1 basically but the T1 delay can be eliminated in case a single MAC-ehs PDU contains the whole RRC message (N = 1). 
2.3.3 UE does not set up T1 timer on first decoded PDU
Description

1) Initial value of Window_Upper_edge is set to a special value “Pending” and will be updated to the TSN of the first received PDU with TSN=SN. Initial value of next_expected_TSN is 0 and will be updated to SN+1. The first received PDU is delivered to disassembly entity upon reception. 
2) PDUs with TSNs>=next_expected_TSN are handled according to current specifications. 
3) PDUs in the receiver window with TSNs<next_expected_TSN and within (SN-RECEIVE_WINDOW_SIZE+1,SN) which have not previously been received are not deleted. Instead, they are delivered to the disassembly entity upon reception. It may result in some out of sequence deliveries in MAC, which can rely on the "duplicate avoidance and reordering" function of RLC UM. Since this scenario may not happen frequently, potential delay caused in RLC UM can be thought as acceptable. 
3) A state variable reference_TSN is needed to record the TSN of the first received PDU and will be reset to its initial value (say Pending) after this TSN moves out of the lower edge of the receiver window.
Open questions:

· Can we use DAR functionality of RLC UM with ciphering?
· What happens if segmentation occurs in MAC-ehs and PDUs are received out-of-order? Is RLC constrained to use small PDU sizes to avoid MAC segmentation?

Analysis

TBD (need more information regarding the questions above).
2.4 UE and Node B reset TSN upon timer expiry

Description

TBD
3 Selection of the solution

In the following, “RRC procedure failure” means that the RRC procedure will fail due to either the UE MAC-ehs erroneously discarding a MAC-ehs PDU or delivering out-of-order MAC-ehs PDU which cannot be reassembled. Also, “T1 delay” means that the UE starts the T1 timer upon reception of the first PDU, and delivery of PDUs is delayed until the timer expires or T1_TSN can be delivered.

3.1 Summary of solutions

	Solution
	Description
	Consequences

	Do nothing
	No special handling of SRB#0 or SRB#1 at the Node B or UE.
	· RRC procedure failure if Ns is between (63 – WINDOW_SIZE + 1) and 63

· RRC procedure failure if the first decoded PDU is between (63 – WINDOW_SIZE + 1) and 63

· T1 delay otherwise if Ns is between 1 and (63 – WINDOW_SIZE)

· No added complexity

	Use subset of TSN space
	Node B doesn’t use all possible TSN values on common H-RNTI to prevent deletion of first decoded PDU.
No special handling at the UE side.
	· T1 delay if Ns is between 1 and (63 – x – N + 1) where x is the number of skipped values and N is the number of PDUs in desired message

· Double T1 delay if Ns is between (63 – x – N + 2) and (63 – x), and no PDU with TSN >= 0 is decoded before previously transmitted PDUs

· RRC procedure failure if Ns is between (63 – x – N + 1) and (63 – x), and a PDU with TSN >= 0 is decoded before previously transmitted PDUs

· Double T1 delay if the UE decodes other UE’s PDUs (Nf <= 63-x) before TSN is reset to 0 (Ns >= 0)
· Very low complexity

	Use subset of TSN space and restrict the spread of TSNs of a message
	Node B doesn’t use all possible TSN values on common H-RNTI to prevent deletion of first decoded PDU and restrict the spread of TSNs of a message to not overlap the unused TSNs.
No special handling at the UE side.
	· T1 delay
· Double T1 delay if the UE decodes other UE’s PDUs (Nf <= 63-x) before TSN is reset to 0 (Ns >= 0)
· Some complexity introduced to the network
· Need for special coordination between RNC and Node B

	Use modified initial values of variable
	Variables RcvWindow_UpperEdge and next_expected_TSN are set with proper values upon reception of the first PDU.

No special handling at the Node B side.
	· T1 delay

· Very low complexity (see appendix)



	Use modified initial values of variable with immediate delivery of complete SDUs
	Variables RcvWindow_UpperEdge and next_expected_TSN are set with proper values upon reception of the first PDU.
The complete SDUs can be delivered to the upper layer immediately.

No special handling at the Node B side.
	· T1 delay if N > 1

· No delay if N = 1
· Very low complexity (only extra checking of the completeness of SDU)

· Need to introduce flexible RLC PDU for UM?



	Use modified initial values of variable and

UE does not set up T1 timer on first decoded PDU
	) Initial value of Window_Upper_edge is set to a special value “Pending” and will be updated to the TSN of the first received PDU with TSN=SN. Initial value of next_expected_TSN is 0 and will be updated to SN+1. The first received PDU is delivered to disassembly entity upon reception. 
2) PDUs with SNs>=next_expected_TSN are handled according to current specifications. 
3) PDUs in the receiver window with TSNs<next_expected_TSN and within (SN-RECEIVE_WINDOW_SIZE+1,SN) which have not previously been received are not deleted. Instead, they are delivered to the disassembly entity upon reception.
	TBD

	UE and Node B reset TSN upon timer expiry
	TBD
	TBD


3.2 Selection criteria

The criteria for selecting the solution are (by order of importance):

1) Solution should minimize probability of RRC procedure failure

2) Solution should minimize complexity

3) Solution should minimize delay
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Appendix: Simple implementation of 2.3

This implementation realizes the same basic behaviour as in [3], but with fewer modifications to the reordering procedure. Only the variable RcvWindow_UpperEdge needs to be initially set to “Pending”, and it is reset to the appropriate value upon reception of the first PDU. The variable next_expected_TSN is set to the lower edge of the window thus preventing deletion of incoming PDUs. The T1 timer is also started at that time.

(Additions are highlighted in yellow.)

11.6.YY.5
Reordering entity

11.6.YY.5.1
Definitions

In the functions described in this section the following definitions apply:
Parameters

-
Transmitter window size (TRANSMIT_WINDOW_SIZE) 
TRANSMIT_WINDOW_SIZE is the size of the transmitter window according to the definition below.  This is a parameter in the Node B and the value of the parameter is configured by higher layers. 

-
Receiver window size (RECEIVE_WINDOW_SIZE)
RECEIVE_WINDOW_SIZE is the size of the receiver window according to the definition below. This is a parameter in the UE and the value of the parameter is configured by higher layers.
State variables

All state variables are non-negative integers. Reordering PDUs are numbered by modulo integer Transmission sequence numbers (TSN) cycling through the field 0 to 63. All arithmetic operations contained in the present document on next_expected_TSN, RcvWindow_UpperEdge, T1_TSN and TSN_flush are affected by the 64 modulus. When performing arithmetic comparisons of state variables or Transmission sequence number values a 64 modulus base shall be used. This modulus base is subtracted (within the appropriate field) from all the values involved and then an absolute comparison is performed. RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE + 1 shall be assumed to be the modulus base.
-
next_expected_TSN:
The next_expected_TSN is the Transmission sequence number (TSN) following the TSN of the last in-sequence reordering PDU received. It shall be updated according to the procedures given in subclauses 11.6a.2.3.2, 11.6a.2.5 and 11.6a.2.6. The initial value of next_expected_TSN =0.
-
RcvWindow_UpperEdge:
The RcvWindow_UpperEdge represents the TSN, which is at the upper edge of the receiver window. After the first reordering PDU has been received successfully, it also corresponds to the reordering PDU with the highest TSN of all received reordering PDUs. The initial RcvWindow_UpperEdge equals 63. For FDD, when common H-RNTI is used for CCCH and DCCH (SRB#1 only), the initial value of RcvWindow_UpperEdge is set to “Pending”. RcvWindow_UpperEdge is updated based on the reception of new reordering PDU according to the procedure given below.

-
T1_TSN:
The TSN of the latest MAC-ehs SDU that cannot be delivered to the reassembly entity, when the timer T1 is started.

Timers

-
Re-ordering release timer (T1):
The Re-ordering release timer T1 controls the stall avoidance in the UE reordering buffer as described below. The value of T1 is configured by upper layers.

Other definitions

-
Receiver window:
The receiver window defines TSNs of those reordering PDUs that can be received in the receiver without causing an advancement of the receiver window according to the procedure below. The size of the receiver window equals RECEIVE_WINDOW_SIZE and spans TSNs going from RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE + 1 to RcvWindow_UpperEdge included.
11.6.YY.5.2
Reordering functionality
If no timer T1 is active:

-
the timer T1 shall be started when a reordering PDU with TSN > next_expected_TSN is correctly received, or when a reordering PDU is correctly received and RcvWindow_UpperEdge is set to “Pending”. 
-
T1_TSN shall be set to the TSN of this reordering PDU.
If a timer T1 is already active:

-
no additional timer shall be started, i.e. only one timer T1 may be active at a given time.

The timer T1 shall be stopped if:

-
the reordering PDU with TSN = T1_TSN can be delivered to the reassembly entity before the timer expires.

When the timer T1expires and T1_TSN > next_expected_TSN:

-
all correctly received reordering PDUs with TSN > next_expected_TSN up to and including T1_TSN-1 shall be delivered to the reassembly entity;

-
all correctly received reordering PDUs up to the next not received reordering PDU shall be delivered to the reassembly entity.
-
next_expected_TSN shall be set to the TSN of the next not received reordering PDU.
When the timer T1 is stopped or expires, and there still exist some received reordering PDUs that can not be delivered to higher layer:

-
timer T1 is started
-
set T1_TSN to the highest TSN among those of the sets pf MAC-ehs SDUs that can not be delivered.

Transmitter operation:

After the transmitter has transmitted a reordering PDU with TSN=SN, any reordering PDU with TSN ( SN – TRANSMIT_WINDOW_SIZE should not be retransmitted to avoid sequence number ambiguity in the receiver.

Receiver operation:

When a reordering PDU with TSN = SN is received:
-
if RcvWindow_UpperEdge is set to Pending:

-
RcvWindow_UpperEdge shall be set to SN:
-
next_expected_TSN shall be set to RcvWindow_UpperEdge – WINDOW_SIZE + 1.
-
if SN is within the receiver window:

-
if SN < next_expected_TSN, or this reordering PDU has previously been received:

-
the reordering PDU shall be discarded;
-
else:
-
the reordering PDU shall be placed in the reordering buffer at the place indicated by the TSN.

-
if SN is outside the receiver window:

-
the received reordering PDU shall be placed above the highest received TSN in the reordering buffer, at the position indicated by SN;

-
RcvWindow_UpperEdge shall be set to SN thus advancing the receiver window;

-
any reordering PDU with TSN ( RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE, i.e. outside the receiver window after its position is updated, shall be removed from the reordering buffer and be delivered to the reassembly entity;
-
if next_expected_TSN is below the updated receiver window:

-
next_expected_TSN shall be set to RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE + 1; 

-
if the reordering PDU with TSN = next_expected_TSN is stored in the reordering buffer:
-
all received reordering PDUs with consecutive TSNs from next_expected_TSN (included) up to the first not received reordering PDU shall be delivered to the reassembly entity;
-
next_expected_TSN shall be advanced to the TSN of this first not received reordering PDU.
In case a UE has insufficient memory to process a received reordering PDU, it shall perform the following set of operations:

-
select TSN_flush such that: next_expected_TSN < TSN_flush ≤ RcvWindow_UpperEdge + 1;

-
deliver all correctly received reordering PDUs with TSN < TSN_flush to the reassembly entity;

-
if the reordering PDU with TSN=TSN_flush has previously been received:

-
deliver all received reordering PDUs with consecutive TSNs from TSN_flush (included) up to the first not received reordering PDU to the reassembly entity;

-
advance next_expected_TSN to the TSN of this first not received reordering PDU.

-
else:
-
set next_expected_TSN to TSN_flush.
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