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1
Introduction

With HS-DSCH FP, the flow control over Iub/Iur is based on capacity requests in the DL and capacity allocations in the uplink. The main purpose of the flow control mechanism is to prevent the receiver buffers (Node B or DRNC) from overflowing, the flow control algorithm itself being out of the standardisation scope.
While the REL-5 flow control mechanism is sufficient for the main purpose it serves (i.e. avoiding buffer overflows), there is room for further optimisation, notably for avoiding buffer underruns in the receiver.
In this paper we propose such an optimisation.

2
Problem Statement
HSDPA was designed for boosting the total cell capacity, as well as for increasing the maximum bitrate per user. It is expected that the HS-DSCH traffic will be highly bursty. Appropriate transport within UTRAN is needed to accommodate for this burstiness and to “feed” the Node B in timely manner with fresh data in order to make the best use of the increased radio capacity.

The data “feeder” process in the Node B is governed by the HS-DCSH FP flow control mechanism in the following way:
· The RNC requests new transmission grants (either explicitly via CAPACITY REQUEST control frame or implicitly via User Buffer Size IE piggybacked in HS-DSCH FP DATA FRAMES);
· Based on this request, the Node B grants a certain number of credits (HS-DSCH Credits IE), along with a time interval during which these credits are usable (HS-DSCH Interval IE), as well as a number of subsequent periods during which the same allocation can be repeated (HS-DSCH Repetition Period IE).
Every new capacity allocation received by the RNC deletes and replaces the previous one.
The Node B has to reconcile a number of conflicting requirements:

· it should send the CAPACITY ALOCATION in timely manner in order to avoid buffer underruns;

· it should minimise the number of data stored in the Node B to avoid huge data loss during Serving Cell Change;

· it should make efficient usage of its overall memory resource in order to avoid buffer overflows.

Although the flow control algorithm is not subject to standardisation, it is reasonable to assume that this algorithm should rely on an estimation of the Round Trip Time (RTT) between the sender (CRNC or SRNC) and the receiver (Node B). Without estimating the RTT, the Node B would have to use a conservative approach of sending a large amount of credits (in order to avoid underruns) leading to accumulation of large amount of data in its buffers and potential overflows.
It is important to note that this RTT is varying across the established MAC-d bearers for the simple reason that some of the HS-DSCH FP instances are terminated in the CRNC, whereas some others may be terminated in a number of geographically distant SRNCs.
More importantly, the RTT is subject to changes over time for the following reasons:
· In the case of direct Node B ( SRNC flow control (the DRNC acting as a TNL element only), the DRNC-TNL element is very likely to inject a dynamically changing delay variation due to the fact that several SRNCs may be tributary to the traffic destined to the same Node B, and also due to the capacity discrepancy between the Iub and Iur interfaces;

· Even in the case of direct Node B ( CRNC flow control, the CRNC response time is likely to vary over time in the case where the Iub is underdimensioned.
Additional difficulty for devising an efficient flow control algorithm is the fact that every new allocation delets the previous one. In this way, the Node B is unable to relate the credits it has issued with the data it has received.
3
Proposed Solution
We believe that the problems identified with REL-5 flow control mechanism in the previous section can be solved by simply allowing the Node B to correlate the credits it has issued with the data it receives.
Specifically, it is proposed here to define Alloc Nb IE, a new 2-bit field in both the CAPACITY ALLOCATION control frame and the HS-DSCH DATA FRAME. The Node B shall increment this field before submitting a new CAPACITY ALLOCATION, whereas the CRNC shall reflect the Alloc Nb IE in every HS-DSCH DATA FRAME which is transmitted as a result of this allocation.
It is also proposed that the Alloc Nb IE field re-use two of the Spare bits in the CAPACITY ALLOCATION and HS-DSCH DATA FRAME headers.

The proposed handling of the Alloc Nb IE field also applies to the special values (e.g. “unlimited capacity”, “unlimited repetitions”).
With this solution it is fairly easy to estimate the RTT during the lifetime of the connection. E.g. when sending the CAPACITY ALLOCATION message with Alloc Nb IE set to “x”, the Node B may start a timer and stop it when it receives the first HS-DSCH DATA FRAME with Alloc Nb IE set to “x”. Repeating the same Alloc Nb IE in consecutive data frames corresponding to the same allocation allows for robustness (e.g. in case of data loss over Iub) and may be used for further optimisation of the flow control algorithm.
The incrementing of the Alloc Nb IE takes place on per-priority basis. For that reason it is assumed that a 2-bit field is highly sufficient for the purpose. Thus, loss of as many as four consecutive CAPACITY ALLOCATION control frames for the same priority would be required in order for the Node B to make a wrong interpretation of the received information.

4
Implementation of the Proposed Solution
Following are excerpts from TS 25.435 showing how the proposed change would be implemented in the spec.
6.2.6A
HS-DSCH Channels
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Figure 21A: HS-DSCH DATA FRAME structure

6.3.3.11
HS-DSCH CAPACITY ALLOCATION
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Figure 36: CAPACITY ALLOCATION payload structure

5.1.6
High Speed Downlink Shared Channels

The Data Transfer procedure is used to transfer a HS-DSCH DATA FRAME from the CRNC to a Node B.

When the CRNC has been granted capacity by the Node B via the HS-DSCH CAPACITY ALLOCATION Control Frame or via the HS-DSCH initial capacity allocation as described in [6] and the CRNC has data waiting to be sent, then the HS-DSCH DATA FRAME is used to transfer the data. If the CRNC has been granted capacity by the Node B via the HS-DSCH initial capacity allocation as described in [6], this capacity is valid for only the first HS-DSCH DATA FRAME transmission. When data is waiting to be transferred, and a CAPACITY ALLOCATION is received, a DATA FRAME will be transmitted immediately according to allocation received.

Multiple MAC-d PDUs of same length and same priority level (CmCH-PI) may be transmitted in one MAC-d flow in the same HS-DSCH DATA FRAME. 

The HS-DSCH DATA FRAME includes a User Buffer Size IE to indicate the amount of data pending for the respective MAC-d flow for the indicated priority level. Within one priority level and size the MAC-d PDUs shall be transmitted by the Node B on the Uu interface in the same order as they were received from the CRNC.
The CRNC shall reflect the Alloc Nb IE received in the CAPACITY ALLOCATION message in every HS-DSCH DATA FRAME message transmitted as a result of that allocation.
If the CRNC has been granted capacity by the Node B via the HS-DSCH initial capacity allocation as described in [6], then the CRNC shall assume that the Alloc Nb IE value corresponding to this initial allocation is equal to ‘0’.
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Figure 6A: DSCH Data Transfer procedure

5.10
HS-DSCH Capacity Allocation
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Figure 12C: HS-DSCH Capacity Allocation procedure

HS-DSCH Capacity Allocation procedure is generated within the Node B. It may be generated either in response to a HS-DSCH Capacity Request or at any other time.

The Node B may use this message to modify the capacity at any time, irrespective of the reported user buffer status.

The HS-DSCH CAPACITY ALLOCATION frame is used by the Node B to control the user data flow. HS-DSCH Credits IE indicates the number of MAC-d PDUs that the CRNC is allowed to transmit for the MAC-d flow and the associated priority level indicated by the Common Transport Channel Priority Indicator IE.

The Maximum. MAC- d PDU length, HS-DSCH Credits, HS-DSCH Interval and HS-DSCH Repetition Period IEs indicates the total amount of capacity granted. Any capacity previously granted is replaced.
The Node B shall include the Alloc Nb IE in the CAPACITY ALLOCATION message, incrementing it modulo 4 between two consecutive allocations. If the CRNC has been granted capacity by the Node B via the HS-DSCH initial capacity allocation as described in [6], then the Alloc Nb IE included in the first CAPACITY ALLOCATION message sent by the Node B shall be set to ‘1’.
If HS-DSCH Credits IE = 0 (e.g. due to congestion in the Node B), the CRNC shall immediately stop transmission of MAC-d PDUs. If HS-DSCH Credits IE = 2047, the CRNC can transmit MAC-d PDUs with unlimited capacity.

The IEs used in the HS-DSCH CAPACITY ALLOCATION Control Frame are the Common Transport Channel Priority Indicator, HS-DSCH Credits, Maximum MAC- d PDU Length, HS-DSCH Interval and the HS-DSCH Repetition Period.

If the HS-DSCH Repetition Period IE = "unlimited repetition period" it indicates that the CRNC may transmit the specified number of MAC-d PDUs for an unlimited period according to the bounds of Maximum MAC-d PDU Length, HS-DSCH Credits and HS-DSCH Interval IEs.

5
Iur Aspects
Most of the points raised in Section 2 are less relevant for the case where the HS-DSCH flow control is exerted between the SRNC and the DRNC. However, in the case where the DRNC decides to exclude itself from the flow control loop, all the points raised in Section 2 remain valid. Given that the DRNC does not inform the SRNC about its decision to remain in the loop or not, it is simpler to apply the same solution over Iur in all cases.
6
Backwards Compatibility
According to 25.435, “Bits labelled "Spare" shall be set to zero by the transmitter and shall be ignored by the receiver.”
In case a REL-6 sender (SRNC or CRNC) faces a REL-5 receiver (DRNC or Node B), the sender should be prepared to receive subsequent CAPACITY ALLOCATION messages carrying an Alloc Nb IE field set to “0”. This is an implicit indication that the receiver is REL-5.
In case a REL-5 sender faces a REL-6 receiver, then there are two possibilities for solving the backwards compatibility problem:

· In a simple approach, the receiver (e.g. Node B) tries to increment the Alloc Nb IE in subsequent CAPACITY ALLOCATION control frames and soon notices that the sender is not reflecting this field in the HS-DSCH DATA FRAME. This is an indication for the Node B to apply the default (non-optimised) flow control handling for this sender.

· In a cleaner approach, a REL-6 sender (e.g. SRNC) sends a new IE (TBD) in NBAP indicating that it is capable of optimised flow control. The absence of such a field in the NBAP message indicates to the REL-6 receiver (e.g. Node B) that it is facing a REL-5 sender.
7
Conclusion and Proposal
In this contribution it is proposed to add a new field in the CAPACITY ALLOCATION control frame and the HS-DSCH DATA FRAME for the purpose of enhancing the HS-DSCH flow control, as explained in the previous section.
It is proposed that RAN3:

· agree on the need for enhancement;
· agree on the proposed solution in Section 3 of this document;
· discuss the backwards compatibility solutions (implicit and explicit) described in Section 6 and select one.

References
[1] TS 25.435 
“UTRAN Iub Interface User Plane Protocols for Common Transport Channels data streams; (Release 6)”
_1161464142.doc


































payload























Pad















Pad















(cont)







Spare bit 7-4



















 PDU n







Spare bit 7-4











MAC-d















Alloc Nb







Tail











MAC-d PDU n























MAC-d PDU 1







MAC-d PDU 1 (cont.)































MAC-d PDU Length











































































Spare Extension















)







cont







User Buffer Size (







NumOfPDU







)







cont







Payload CRC (







Payload CRC







Spare bit 7-6







CmCH-PI 















FT







User Buffer Size











0







7







header 











Header CRC















Spare bits 2-0











MAC-d PDU Length
















_1161464174.doc


Maximum MAC-d PDU Length







Spare Extension















HS-DSCH Interval







HS-DSCH Credits (cont)







Alloc Nb







Maximum MAC-d PDU Length (cont)











HS-DSCH Credits







HS-DSCH Repetition Period







CmCH







-PI







Spare bits 7-6







0







7
























































































_1075128171.doc


































HS-DSCH DATA FRAME















Node B







CRNC








































_1075128485.doc



DOCUMENTTYPE



1 (1)













TypeUnitOrDepartmentHere









TypeYourNameHere

TypeDateHere











Node B







CAPACITY ALLOCATION







CRNC











_935227290.doc







