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1 Introduction

In this document we discuss the problems HS-DSCH power control causes in MAC-ehs reordering for UEs using common H-RNTI. Furthermore a solution is proposed in which the network can use power control for HS-DSCH while eliminateing potential SDU losses caused by MAC-ehs reordering functionality.
The solution is based on resetting MAC-ehs reordering functionality in the Node B and in the UE after a period of inactivity. This allows the network and all UEs to synchronize the MAC-ehs states after an inactivity time
We also provide an example on how the mechanism could be introduced in the TS 25.321.

2 Issues with power control
If the network uses power control for HS-DSCH not all UEs using common H-RNTI will receive all TSN values. After a prolonged period of operation this will lead to a situation in which the UEs will eventually discard incoming SDUs, similarly to discarding initial packets as explained in ‎[1]. 

For example, in Figure 1 we show an UE1 being on cell edge and thus miss the transmissions to sent to all UEs using the common H-RNTI. After correctly receiving TSN=10 the UE1 in this example misses 62 consecutive TSNs. When the the network succeeds in transmitting TSN=9 to UE1, UE1 discards it as it is below the next expected TSN and within the window.
Even when the power control of the HS-DSCH does not result in a loss of an SDU, it will create gaps in the reception of the TSN for most UEs. This will lead to delay in delivery of data as the UE needs to wait for T1 timer to expire. 
Summarizing, the use of the power control of HS-DSCH leads to

1. Delay in delivering data, as the UEs need to wait for T1 timer to expire. This can be expected to occur frequently.

2. Discard of data, if the UE has missed the whole TSN sequence number space. This can be expected to occur less frequently. 
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Figure 1: Example of erroneous discard of an SDU when HS-DSCH power control is used.
3 Proposed solution

The problems with the power control can be avoided if the Node B and UEs have a mechanism to synchronize their next expected TSN values. Several ways to synchronize the status could be envisioned (e.g. sending of a special synchronization message), but in the following we propose a simple method, which is based on resetting the next expected TSN to a predefined value after a period of inactivity.
The proposal has the natural drawback of requiring one such idle time for each transmitted TSN window. As it is expected that the transmissions with common H-RNTI do not occur very frequently, it seems natural that there will be sufficiently long idle periods caused by absence of data to be transmitted. Thus the restriction can be considered as acceptable.  
The principle of the solution in illustrated in Figure 2 and Figure 3. An example on how the method could be implemented in MAC-ehs protocol is shown in Appendix.
In Figure 2 it is shown that by implementing a single period during which the eNode B does not transmit using the common H-RNTI will avoid the SDU losses. 

In Figure 3 it is shown that if the transmission with the common H-RNTI is not continuous, it will be possible to avoid both the T1 reordering delay and the SDU losses.
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Figure 2: Proposed solution with reset timer, which synchronizes the transmitter and receiver values of the next expected TSN after a period of inactivity. The solution shows how the SDU discard error case can be avoided if the Node B has one idle period allowing the inactivity timer to expire.
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Figure 3: Proposed solution with reset timer, which synchronizes the transmitter and receiver values of the next expected TSN after a period of inactivity. The solution shows how the T1 expiry delay can be avoided for all UEs if the Node B does not transmit continuously with common H-RNTI. Between all transmissions intented to one UE the Node B has a idle period allowing the inactivity timer to expire.

4 Conclusion
The impact of the power control of HS-DSCH on the MAC-ehs reordering of transmissions using common H-RNTI is studied. It is found out that the power control of HS-DSCH leads to 
1. Delay in delivering data, as the UEs need to wait for T1 timer to expire. This can be expected to occur frequently.

2. Discard of data, if the UE has missed the whole TSN sequence number space. This can be expected to occur less frequently. 

By resetting the next expected TSN to a known value (e.g. zero) after predefined period of inactivity it is possible to avoid both problems. The simple solution has two consequences 
1. In order to avoid delay in delivering data, the Node B must have inactivity periods after each common H-RNTI transmission. 

2. In order to avoid discard of data, the Node B must not use TSN values between 63-window size and 63, and must have one inactivity period when transmitting the whole TSN sequence number space. 

 As it is expected that the transmissions with common H-RNTI do not occur very frequently, it seems natural that there will be sufficiently long idle periods caused by absence of data to be transmitted. Thus the restriction could be considered as acceptable.  
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6 Appendix: required changes to the 25.321

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. 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.
-
Reset timer (Treset) (FDD only)


Treset controls the reset of the MAC-ehs reordering functionality when the common H-RNTI is used. 
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. 
-
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.
For FDD only, if the UE is in CELL_FACH state, uses common H-RNTI for CCCH and DCCH (SRB#1 only), and no timer Treset is active:

-
the timer Treset shall be started when a reordering PDU is correctly received. 

For FDD only, if the UE is in CELL_FACH state, uses common H-RNTI for CCCH and DCCH (SRB#1 only), and if a timer Treset is already active:

-
the timer Treset shall be restarted when a reordering PDU is correctly received. 

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

When the timer Treset expires:

-
reset next_expexted_TSN to initial value

-
reset RcvWindow_UpperEdge to initial value
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 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.

- if the UE is using a common H-RNTI for CCCH and DCCH (SRB#1 only), start the Treset timer.
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.
Treset expires for UE1 and UE2





TSN=12





UE3





UE1, UE2, UE2 receive TSN=0, which is targeted to UE1. The received PDU is delivered immediately to higher layers.





UE3 receives TSN=11, and restarts Treset





Node B does not transmit with common H-RNTI, allowing Treset to expire.





(Node B transmits TSN 13 to 9)





UE2, UE3 receives TSN=12. As there is a missing TSN=11, UE2 will only deliver SDUs in TSN=12 after T1 timer expires.
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UE1, UE2, UE2 receive TSN=9, which is targeted to UE1. However, UE1 discards it as below next expected TSN and in the window





UE3 receives TSN=11
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UE1, UE2, UE3 receive TSN=10
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(Node B transmits TSN 13 to 63-Window size)
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UE1, UE2, UE3 receive TSN=10 and start Treset.
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UE2, 3 receive TSN=12. As TSN=11 is missing, SDUs in TSN=12 are delayed by T1 timer. UE2, 3 start Treset.
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UE1, UE2, UE3 receive TSN=0 and start Treset. UE1 delivers data to higher layers
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UE1, UE2, UE3 receive TSN=0 and start Treset. UE3 delivers data to higher layers








UE3








Treset expires for UE1, UE2, UE3











Treset expires for UE1, UE2, UE3
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