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Introduction

Discussion upon measurements needed for HSUPA Admission and Congestion control has already been initiated during the RAN2#46 meeting [1] and joint RAN1/2/3/4 session held during the same week [2]. Although a general framework for L1 measurements needed to support admission and congestion control has been already set up during the joint session, we believe it is still worth to continue discussion in the WG2 as some additional L2 measurements similarly as for HSDPA may be needed to support these algorithms. Additional measurements are considered for scheduled GBR data.

Firstly, admission and congestion control are defined and relevant decisions are reviewed. Secondly, measurements to support admission and congestion control for E-DCH are considered. For this purpose, these algorithms for legacy DCH and HS-DSCH are reviewed and main differences with respect to E-DCH are emphasized. Finally, conclusions are drawn. 

Discussion

Background 

Admission Control

According to [1], the purpose of the Admission Control is to admit or deny new users, new radio access bearers or new radio links (for example due to handover). The Admission Control should try to avoid overload situations and base its decisions on interference and resource measurements.  The Admission Control function based on UL interference and DL power is located in the Controlling RNC (CRNC).

Congestion Control

According to [1], the task of the Congestion Control is to monitor, detect and handle situations when the system is reaching a near overload or an overload situation with the already admitted users. This means that some part of the network has run out, or will soon run out of resources. The congestion control should then bring the system back to a stable state as seamlessly as possible. According to [4], RNL Congestion Control for HSUPA is located in the CRNC.  

E-TFC Selection 

Based on [5], E-TFC selection for transmission of MAC-e PDUs containing MAC-d PDUs from several flows is performed in the following way. 

The power offset of E-DPDCH relative to DPCCH associated to a MAC-e PDU including MAC-d PDUs coming from one or several MAC-d flows is set so that the UE selects the power offset of the HARQ profile associated to the MAC-d flow carrying MAC-d PDUs from the logical channel with the highest priority.  A set of possible multiplexing optionsare signalled to UE by RRC. 

Compressed Mode and E-DCH 

It is suggested that E-DCH transmissions in a 2ms TTI that partly or fully overlaps with an uplink transmission gap due to compressed mode are avoided and that E-DCH transmissions in a 2 ms TTI during which the corresponding ACK/NACK partly or fully overlaps with a downlink transmission gap are also avoided. Hence, higher layer scheduling may be applied during compressed mode [6]. 

It is also suggested that in a 10 ms TTI the UE shall not transmit with SF<4 when uplink transmission gap due to compressed mode is present. Hence, spreading factor reduction may be applied during compressed mode [6].  

Termination of the EDCH FP in the CRNC 

 It has not yet been decided in the WG3 whether EDCH FP can be terminated in the CRNC (a scenario with non-coincident S-RNC and C-RNC is assumed). In case the termination point in the CRNC is present, CRNC has an access to E-DCH FP frames and measures provided bit rate itself. In case termination of the FP in the CRNC is not allowed, CRNC does not have an access to E-DCH FP frames and cannot measure provided bit rate. Obviously, there is a trade-off between processing load and amount of information that is available in this network element.   

For HS-DSCH FP both options of terminating HS-DSCH FP are allowed.      

Measurements to Support Admission Control 

In this section, measurements for admission control of legacy UL DCH, HS-DSCH and E-DCH will be considered. 

Legacy UL DCH 

For legacy DCH admission control may be based on RTWP measurements. Based on this value, CRNC can easily estimate the amount of remaining UL resource when admitting new DCH. It is not needed to report any priority- specific value to support admission control as Node B cannot compress one type of traffic in favour of another. 

HS-DSCH

For HS-DSCH admission control may be based on 

· HS-DSCH Provided Bit Rate (1), 

· HS-DSCH Required Power (2) and 

· Transmitted carrier power of all codes not used for HS-PDSCH or HS-SCCH transmission measurements (3).  

Measurement (2) provides information on the amount of power needed for transmission of GBR services belonging to certain priority class while measurement (1) gives information on the bit rate provided to certain priority class.  Measurement (3) may be used to differentiate power resource needed for HS-PDSCH/HS-SCCH  transmission from the power resource needed for transmission of the rest of downlink channels.  Based on this measurement, CRNC may calculate the amount of power that is left for transmission on HS-DSCH. 

GBR services of certain priority class (corresponding to certain SPI) may be admitted based on estimated amount of power that is needed to support the bit rate as required by these services.  This power may be estimated based on measurements (1) and (2).  It should be noted that so admitted GBR services may effectively have lower provided bit rate than required as total amount of required power depends on UE location and scheduling algorithm. Congestion control may be later invoked to alleviate this.  

In addition, a GBR service of certain priority class may be admitted even though the estimated amount of power does not correspond to remaining power. This may be the case if there are a number of already admitted interactive/background flows that may be compressed. An obvious scenario corresponding to the situation wherein already admitted interactive/background flows may be compressed would be that all admitted GBR priority classes have satisfactory provided bit rate according to (1) but also the provided bit rate for interactive/background priority classes is fairly high according to (1). 

In principle HS-DSCH admission control imposes no additional requirements upon DL DCH admission control as HS-DSCH traffic has lower priority than DL DCH traffic. 

E-DCH

Flows of non-scheduled GBR traffic may be admitted similarly as UL DCH. In principle admission control of non-scheduled GBR traffic imposes no additional requirements upon UL DCH admission control as E-DCH generally has lower priority than UL DCH. Additionally, admission control for non-scheduled GBR traffic is decoupled from admission control for scheduled GBR traffic as non-scheduled traffic has priority over scheduled traffic. 

According to the conclusions from the RAN1/2/3/4 joint session as held during the last meeting, E-DCH admission control may be based on the following measurements (but some additional measurements may be needed though): 

· Current total RoT (already existing) (1),  

· RoT not due to E-DPCCH or E-DPDCH (or similar) (2) and

· Interference headroom that can be used for additional GBR users (for example low priority RoT for logical channel of priority X and lower where X is preconfigured [2]) (3) 

Measurements (1) and (2) may be used for calculating RoT remaining in the Node B for transmission of the scheduled GBR service. As E-DCH is subject to power control, it is possible to fairly accurately estimate additional maximum RoT due to newly admitted MAC-d flow based on HARQ profile of the flow and reference power offsets for different E-TFCs. New service corresponding to a MAC-d flow of the scheduled GBR service may be admitted if there is enough RoT resource to support it. Alternatively, the flow may be admitted if, based on measurements (1), (2) and (3), it may be deemed that compressing interactive/background flows by Node B scheduler still provides enough room for new scheduled GBR flows.  

It should be noted that, as L2 (HARQ protocol and scheduling function including) are terminated in the Node B, it is still not possible to determine provided bit rate to a priority class in advance. However, it is still not essentially important for admission control as congestion control may be later invoked to alleviate this. 

Flows of interactive and background classes may be admitted if there is a reasonable amount of RoT on disposal for their handling as they may be compressed by scheduler on a TTI basis. 

While agreeing to the above conceptual framework of admission control based on listed measurements, we would like to point out following concern we have regarding the measurement (3). 

RoT differentiation based on priorities may be possible only after successful reception of a MAC-e PDU containing MAC-d PDUs from more than one associated MAC-d flows since then DDI field is accessible by Node B. RoT due to unsuccessful transmissions cannot be reported per priority apart from the special case when E-DCH associated to a UE has only one priority configured
.  A solution to this might appear to be mandating measurement (3) only after successful transmissions, but then the measurement could not be considered as a reliable index of resource consumption in the Node B and hence could not be used for admission control.  

Measurements to Support Congestion Control  

In this section, measurements for congestion control of legacy UL DCH, HS-DSCH and E-DCH will be considered. 

Due to frame fill efficiency, it may be required that MAC-d flows with different HARQ profiles carrying GBR traffic are multiplexed
. This means that respective power offsets during E-TFC selection will be most likely determined according to the HARQ profile of a single MAC-d flow.  Due to increased energy per bit, number of bits that are transmitted from other MAC-d flows in a given TTI are decreased thus leading to decreased provided bit rate to these MAC-d flows. RoT measurement does not provide an indication on QoS provided per priority class of GBR scheduled data and hence there are no reliable triggers for congestion control.   

Legacy UL DCH 

Congestion control of legacy UL E-DCH may be based on UL SIR dedicated measurement. Typically CRNC may request SRNC to initiate TFC reconfiguration should the reported UL SIR be overly high. 

HS-DSCH 

For HS-DSCH measurements (1), (2) and (3) are sufficient to support congestion control as well.  For example, based on insufficient provided bit rate as indicated by (1), firstly congestion control may be invoked. Secondly, based on (2) amount of power as needed to effectively support GBR traffic may be calculated and corresponding reconfiguration initiated by CRNC. Alternatively, MAC-d flows corresponding to a certain priority class may be pre-empted or switched to DL E-DCH. 

E-DCH

Similarly as for HS-DSCH,  Congestion Control for E-DCH should operate on MAC-d flow level. On the other side it has already been shown that currently no information on provided QoS  per priority class is sent from Node B to CRNC. We therefore argue in favour of introducing additional L2 measurement from Node B to support congestion control in the CRNC
: 

· Provided bit rate per priority class from Node B to CRNC (4).

Provided bit rate per priority class may be defined as a total amount of MAC-d PDU bits that are successfully transmitted in the given time interval. Accuracy of provided bit rate measurements may depend upon relation between frequency of compressed mode measurements and reporting interval for HSUPA. In case of HSDPA, reporting interval for provided bit rate is equal to 100 ms [8].  

Based on measurement (4), it is straightforward to detect congestion on MAC-d flow carrying scheduled GBR traffic of certain priority class in the CRNC. Depending on implementation, various CRNC actions may be possible: MAC-d flow pre-emption and switching to UL DCH, cell-level reconfiguration, indication to DRNC that HARQ profile of given flow should be reconfigured etc. 

In addition, during inter Node B SHO operation it may not be possible to reliably detect congestion based on measurement (4) since MDC is located in SRNC. Therefore we propose that measurement 

· Provided bit rate per priority class per UE after MDC (5) 

is studied in greater detail.  

Conclusion

Admission Control and Congestion Control for E-DCH (and in particular scheduled GBR traffic type) have been considered. It has been shown that  Congestion Control for E-DCH should operate on MAC-d flow level since one MAC-e PDU may contain MAC-d PDUs from different MAC-d flows and per-flow configuration is possible. At the same time it has been shown that no L1 measurement can provide unambiguous identification of resource consumption or QoS per priority classs in the Node B. .

It is proposed to agree on L2 measurement 

· Provided bit rate per priority class from Node B to CRNC

and to further consider necessity of the measurement 

· Provided bit rate per priority class per UE after MDC
for scheduled GBR data.
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� The Node B may try to estimate which priority is transmitted based on available buffer status. However, it should be noted that in Rate Request only buffer occupancy associated with the logical channel of the highest priority is considered. 


� Here we do not consider potential multiplexing of MAC-d flows carrying scheduled and non-scheduled type of traffic. 


� It is assumed that E-DCH FP is not terminated in the CRNC and that CRNC and SRNC are not coincident. 
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