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QoS Support on the DRNC scheduled DSCH 

1.0 Introduction

At the RAN3#11 meeting a 'DSCH on Iur' ad-hoc meeting was held in order to produce the change requests necessary to support shared channels on the Iur.    

Due to lack of time the discussion on QoS handling was limited.  Hence, in this paper some more discussion is provided regarding which QoS and traffic descriptors should be passed to the DRNC in order for it to perform the necessary admission control and appropriate priority handling.  

The paper is provided for discussion.  If the group can agree on the proposals then the change requests will be generated. 

Exchanging QoS information over the Iur

Fundamentally, the DSCH simply provides a mechanism for rapidly re-assigning limited code resource between multiple users.  It is therefore particularly useful when variable rate services are being carried. Such services could have either short or long delay constraint requirements.  Hence, in order to permit the support of services with a wide range of QoS requirements on the DSCH it is clear that before the DSCH can be scheduled in the DRNC an admission control process should be performed by the DRNC.  

In this section we discuss the mechanisms by which the SRNC can inform the DRNC of the QoS and traffic requirements of a bearer which the SRNC wishes to map onto the DRNC controlled DSCH.  

As a first step it is necessary to re-cap on the mechanism by which the DRNC determines how to perform priority handling in the MAC_c/sh.   From Figures 1 and 2 it can be seen that the SRNC adds a priority field to each SDU, and the MAC_c/sh schedules taking this priority into account.  

Given this, it is therefore recommended that for each UE context, a set of QoS and traffic parameters should be associated with each 'Priority' value carried on the MAC_d ( MAC_c/sh link.  These QoS and traffic values can be signalled to the DRNC using RNSAP and used by the DRNC in the admission control process and subsequently for configuring and operating the scheduling processes.
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Figure 1) (Figure 4.2.4.2.1 of 25.321) : UTRAN side MAC architecture / MAC-d details
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Figure 2 (Figure 4.2.4.1.1 of 25.321): UTRAN side MAC architecture / MAC-c/sh details

Which set of QoS and traffic parameters should be sent to the DRNC?

In 23.107 the set of QoS handling principles to be applied in the UMTS system (CN and RAN) are described, these principles should also be applied to the DSCH on Iur problem.    

When the DSCH is to be scheduled from the DRNC the SRNC is in effect delegating some of its QoS handling responsibility to the DRNS and the QoS budget must be divided between SRNC, Iur and DRNS.  Hence, whilst the 'bearer' between DRNC and UE is not a RAB, the applicability of each of the RAB parameters used on RANAP should be considered for the problem in hand.

The meaning of each of the RAB parameters is listed in the following table (shown in blue) where the definitions have been taken from 23.107 v.3.1.0.  Comments on the applicability of each parameter to the DSCH on Iur problem and necessary modifications are then described in green italic text.

RAB parameter
Comment

   Traffic Class
(‘conversational’, ’streaming’, ’interactive’, ’background’)
Definition: type of application for which the Radio Access Bearer service is optimised

(Purpose: By including the traffic class itself as an attribute, UTRAN can make assumptions about the traffic source and optimise the transport for that traffic type. In particular, buffer allocation may be based on traffic class.)




Given the comments above (copied from 23.107), knowledge of traffic class could also be useful for the DRNC to determine whether a new user can be admitted on the DSCH. 

   Maximum Bit Rate
Definition: maximum number of bits delivered by UTRAN and to UTRAN at a SAP within a period of time, divided by the duration of the period. The traffic is conformant with the Maximum bitrate as long as it follows a token bucket algorithm where token rate equals Maximum bitrate and bucket size equals Maximum SDU size. 

The conformance definition should not be interpreted as a required implementation algorithm. The token bucket algorithm is described in Annex B. 

(Purpose: 1) to limit the delivered bitrate to applications or external networks with such limitations, 2) to allow maximum wanted RAB bitrate to be defined for applications able to operate with different rates (e.g. non transparent circuit switched data))



It is essential to have a 'Maximum bit rate' parameter if we are to support a wide range of QoS on the DRNC scheduled DSCH.  In the context of the DSCH on Iur problem the parameter should refer to the maximum number of bits delivered by SRNC to DRNC within a period of time, divided by the duration of the period. 

   Guaranteed Bit Rate
Definition: guaranteed number of bits delivered at a SAP within a period of time (provided that there is data to deliver), divided by the duration of the period. The traffic is conformant with the Guaranteed bitrate as long as it follows a token bucket algorithm where token rate equals Guaranteed bitrate and bucket size equals k Maximum SDU size. For Release 99, k = 1. A value of k greater than one Maximum SDU size may be specified in future releases to capture burstiness of sources. Signalling to specify the value of k may be provided in future releases.

The conformance definition should not be interpreted as a required implementation algorithm. The token bucket algorithm is described in Annex B. 

(Purpose: Guaranteed bitrate may be used to facilitate admission control based on available resources, and for resource allocation within UTRAN. Quality requirements expressed by e.g. delay and reliability attributes only apply to incoming traffic up to the guaranteed bitrate. The guaranteed bitrate at the RAB level may be different from that on UMTS bearer level, for example due to header compression.)




Again, it is important that we have a 'guaranteed bit rate' parameter, if we are to support a wide range of QoS on the DRNC scheduled DSCH whilst achieving statistical multiplexing gain.  The definition is as above, where the SAP is at the DRNC.

   Delivery Order
Definition: indicates whether the UMTS bearer shall provide in-sequence SDU delivery or not.

(Purpose: specifies if out-of-sequence SDUs are acceptable or not. This information cannot be extracted from the traffic class. Whether out-of-sequence SDUs are dropped or re-ordered depends on the specified reliability)




The DRNC MAC_c/sh needs to know whether it should maintain the order of packets when it schedules.  If in-sequence scheduling of packets is not important then the scheduler could for example consider serving smaller SDU's which are deeper in the queue when higher priority packets are too large to be served. 

   Maximum SDU size
Definition: the maximum allowed SDU size 

(Purpose: The maximum SDU size is used for admission control and policing.)




The SRNC will inform the DRNC of the transport formats which it would like to be supported.  Hence this parameter is not needed.

   SDU parameters
SDU error ratio
Definition: Indicates the fraction of SDUs lost or detected as erroneous. SDU error ratio is defined only for conforming traffic. In case of unequal error protection., SDU error ratio is set per subflow and represents the error ratio in each subflow. SDU error ratio is only set for subflows for which error detection is requested.

Note:
By reserving resources, SDU error ratio performance is independent of the loading conditions, whereas without reserved resources, such as in Interactive and Background classes, SDU error ratio is used as target value.

(Purpose: Used to configure protocols, algorithms and error detection schemes, primarily within UTRAN.)

Residual bit error ratio
Definition: Indicates the undetected bit error ratio for each subflow in the delivered SDUs. For equal error protection, only one value is needed. If no error detection is requested for a subflow, Residual bit error ratio indicates the bit error ratio in that subflow of the delivered SDUs.

(Purpose: Used to configure radio interface protocols, algorithms and error detection coding. For services requiring unequal error protection, residual bit error ratio is given for each subflow.)

Delivery of erroneous SDUs (y/n/-)
Definition: Indicates whether SDUs with detected errors shall be delivered or not. In case of unequal error protection, the attribute is set per subflow.

Note: ‘yes’ implies that error detection is employed and that erroneous SDUs are delivered together with an error indication, ‘no’ implies that error detection is employed and that erroneous SDUs are discarded, and ‘-‘ implies that SDUs are delivered without considering error detection. 

In case of unequal protection, different subflows may have different settings. Whenever there is a detected error in a subflow with ‘no’, the SDU is discarded, irrespective of settings in other subflows. For an SDU with multiple subflows with a ‘yes’ setting, there may be one error indication per subflow, or, if there is only one error indication per SDU, it indicates that an error was detected in at least one of these subflows. Exact definitions are the task of RAN3.

(Purpose: Used to decide whether error detection is needed and whether frames with detected errors shall be forwarded or discarded.)




The DSCH MAC_c/sh scheduler decides at what power the PDSCH will be transmitted, this will be a function of the target Eb/No which itself will be a function of the target FER setting.  The SDU error rate referred to in 23.107 is the error rate after the RLC has performed its maximum allowable number of re-transmits.  

Hence in the context of the DSCH on Iur problem, a parameter should be passed from SRNC to DRNC informing the DRNC of the target FER setting, however, this is different to that described above, the target FER is that which should be seen for each MAC_c/sh PDU transmission (and might be better called MAC_c/sh PDU error rate).

'Residual bit error ratio' and ' Delivery of erroneous SDU's' parameters do not need to be conveyed over the Iur.   

   Transfer Delay
Transfer delay (s)
Definition: Indicates maximum delay for 95th percentile of the distribution of delay for all delivered SDUs during the lifetime of a bearer service, where delay for an SDU is defined as the time from a request to transfer an SDU at one SAP to its delivery at the other SAP.

(Purpose: specifies the UTRAN part of the total transfer delay for the UMTS bearer. It allows UTRAN to set transport formats and ARQ parameters.) 




It is essential to have a 'Transfer delay' parameter if we are to support a wide range of QoS on the DRNC scheduled DSCH whilst achieving statistical multiplexing gain.  

In the case of the DSCH on Iur problem this parameter should be used to indicate the maximum allowable time that 95 % of SDU's may spend in the DRNS. 

   Traffic Handling priority
Definition: specifies the relative importance for handling of all SDUs belonging to the radio access bearer compared to the SDUs of other bearers.

(Purpose: Within the interactive class, there is a definite need to differentiate between bearer qualities. This is handled by using the traffic handling priority attribute, to allow UTRAN to schedule traffic accordingly. By definition, priority is an alternative to absolute guarantees, and thus these two attribute types cannot be used together for a single bearer.)




We should also be capable of applying an approach to scheduling on the DSCH, wherein absolute QoS guarantees are not made, but where users are scheduled according to different priorities. This parameter should therefore be included.  The priority values and meanings should be the same as those sent on the RANAP since the CRNC will have to  make decisions as to whether it should serve blocks which have been generated by a MAC_d locally or generated by a MAC_d in another RNC. 

   Allocation/Retention priority
Definition: specifies the relative importance compared to other Radio access bearers for allocation and retention of the Radio access bearer.

(Purpose: Priority is used for differentiating between bearers when performing allocation  and retention of a bearer, and the value is typically related to the subscription.




This is necessary in order that the DRNC can decide the order in which bearers should be allocated or dropped, where the ordering can be made over all bearers irrespective of whether they have a remote or local SRNC.

Source statistics descriptor  (‘speech’/’unknown’)

Definition: specifies characteristics of the source of submitted SDUs. 

(Purpose: Conversational speech has a well-known statistical behaviour (or the discontinuous transmission (DTX) factor).  By being informed that the SDUs for a RAB are generated by a speech source, UTRAN may, based on experience, calculate a statistical multiplex gain for use in admission control on the radio and Iu interfaces. )



This parameter is useful since it is possible that in the future well characterised sources may be carried on the DSCH.

Table 1) Discussion of RANAP RAB parameters and assessment of QoS and traffic parameters which should be passed to DRNC for it to perform an admission control decision

Discussion of QoS parameters proposed by the 'DSCH on Iur' ad-hoc group

The 'DSCH on Iur' ad-hoc group proposed that the following QoS and traffic parameters be accepted:

· Allocation/retention priority

25.423 v.3.0.0:  This parameter indicates the priority level in the allocation and retention of DCH resources in DRNS.
· Frame handling priority

25.423 v.3.0.0:  This parameter indicates the priority level to be used during the lifetime of the DCH/DSCH for temporary restriction of the allocated resources due overload reason.

· TrCH source statistics descriptor 

Table 2 (below) is taken from 23.107 (v3.1.0) and shows the set of RAB parameters which must be conveyed from CN to SRNC in order to support each of the 4 possible traffic classes.   

Traffic class
Conversational class
Streaming class
Interactive class
Background class

Maximum bitrate
X
X
X
X

Delivery order
X
X
X
X

Maximum SDU size
X
X
X
X

SDU format information
X
X



SDU error ratio
X
X
X
X

Residual bit error ratio
X
X
X
X

Delivery of erroneous SDUs
X
X
X
X

Transfer delay
X
X



Guaranteed bit rate
X
X



Traffic handling priority


X


Allocation/ Retention priority
X
X
X
X

Source statistics descriptor
X
X



Table 2. (Table 3, of 23.107 v3.1.0) Radio Access Bearer attributes defined for each bearer class.

The discussion in Table 1 showed that we will need modified versions of most of the RANAP RAB parameters in order to support QoS on the DRNC scheduled DSCH.  Given this, from Table 2 we can conclude that we should supplement the set of QoS and traffic parameters agreed for inclusion by the ad-hoc group if we are to support each of the 4 traffic classes efficiently and in such a way that the best possible statistical multiplexing gain can be exploited.  

· Conclusion

· The DSCH may be used to carry services with a wide range of QoS. (The DSCH simply provides a mechanism for rapidly re-assigning limited code resource between multiple users.  It is therefore useful whenever variable rate services are being carried, irrespective of whether those services have long or short delay constraints)  

· In order for the DSCH to be scheduled from the DRNC, the SRNC has to divide up its QoS budget between SRNS, Iur and DRNS 

· Modified versions of most of the RANAP 'RAB parameters' should be forwarded across the Iur so that the DRNC can make good admission control and scheduling decisions
· The set of parameters agreed by the 'DSCH on Iur' ad-hoc should be supplemented with the QoS and traffic parameters  specified in Table 1 so that a wider range of traffic types can be accommodated with good statistical multiplexing gain

If the group can agree to the proposals the change requests can be brought for the next meeting.
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