TSG-RAN WG1 #31 meeting
                      

                  Tdoc R1-03-0129
Tokyo, Japan

February 18th – 21th, 2002

Agenda item:
Enhanced Uplink DCH 

Source: 
Nokia

Title:
          Two Threshold Node B Packet Scheduling 
Document for:
Discussion and decision

1. Introduction

In WG1#28bis meeting , there were several contributions addressing the issue what kind of topics should be included into studying Enhanced Uplink DCH, and what kind of approach should be taken in the evaluation [2-7]. The draft TR outline [11] was reviewed, for which a new revised version can be found from [9], containing the agreed modifications.

In WG1#29 meeting Nokia presented a discussion paper and text proposal [10] for the Technical Report for Feasibility Study for Enhanced Uplink for UTRA FDD [9] describing a method for Node B based uplink packet scheduling method. Further revised text proposal was presented in WG1 #30 meeting in San Diego [13]

This contribution is a revision to [10] and [13] presented earlier. In this paper we present a proposed method for Uplink DCH Enhancemet, containing a new concept of Node B scheduling. Note, chapters 2 is directly written in the format of text proposal into TR 25.896.

2. Two threshold method for Node B scheduling

---------------------- start of text proposal part 1 ---------------------------------------------------------------
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---------------------- end of text proposal part 1 ---------------------------------------------------------------
---------------------- start of text proposal part 2 ---------------------------------------------------------------
7.1.1
Two Threshold Method for Node B Controlled Scheduling

The aim of this new technique is to reduce the uplink noise rise variance by introducing a L1 signalling that provides the fast control to individual UL transmit powers by enabling fast Node B control of UL data rates. This allows the cell load control to work with smaller UL noise rise headroom and hence increasing the throughput of the cell. The new technique could also enable network to allocate higher UL data rates due to the fact that it can rely on fast adaptation of the cell load, if the amount of controllable load increases unexpectedly, hence possibly providing higher user throughput than what can safely be achieved with relatively slow RRC signalling controlled UL data rates.

This enhancement technique is a method which itself does not require changes to the uplink DCH structure but rather introduces new L1 signalling to facilitate fast UL scheduling. Hence the method does not require a new transport channel to be defined, but does not forbid it either. The method can be applied with or without other enhancements such as for example HARQ and Fast DCH Setup.

It is FFS, how a DCH controlled with this method could be multiplexed with DCHs controlled with R'99 methods, especially keeping in mind that simultaneous conversational traffic should be possible. Methods for using separate code channel and TFCS, as well as multiplexing the Node B controlled DCH with for example a DCH carrying voice to the same CCTrCH are to be studied. Naturally, if a DCH carrying for example conversational traffic is multiplexed with a DCH carrying non-real time or streaming traffic, the first DCH carrying conversational traffic still represents the non-controllable load and only the second DCH could be rate controlled by the proposed method.  

The idea is to have a two-threshold mechanism and a signalling procedure, by which Node B can perform the uplink scheduling operation by controlling uplink data rates of non-real time and streaming traffic, thus facilitating distributed scheduling between different network entities. Initially RNC signals the TFCS (Transport Format Combination Set) to both Node B and UE. With the TFCS RNC also sends two thresholds, namely a Node B threshold and an initial value of UE threshold. After initialisation, Node B controls the UE's UE threshold with fast L1 signalling.

The UE selects its Transport Format Combination (TFC) with the TFC selection method defined in rel99/rel4/rel5 specifications with the addition that it may not select a TFC with a higher data rate than the data rate of the TFC indicated by the UE threshold. The Node B is in control of the UE threshold with the limitation that it restricts the data rate allowed by the UE threshold to be at maximum the data rate of the TFC indicated by the Node B threshold. The UE and Node B threshold may not restrict the use of TFCs in the minimum TFC set defined in rel99/rel4/rel5 specifications.

When RNC generates a TFCS, the TFCs are assumed to be ordered according to the data rate. It is also assumed that when comparing any two TFCs of a TFCS, the TFC with lower data rate would never result a higher Prx for the same time instant for the DCH being conrolled by the proposed method. The implications of these assumptions need to be studied further, for example when considering CCTrCH where more than one DCHs are multiplexed together, one of those being rate controlled with the proposed method, the possible limitations or requirements set to TFCS need to be studied further.

Separate physical layer signaling between the Node B and the UE will control the UE threshold between the minimum set of TFCs and the TFC indicated by the Node B threshold. The UE is not allowed to select a TFC with a higher data rate than indicated by the UE threshold. (i.e. L1 signalling controls the maximum data rate TFC that the UE can use in the TFC selection algorithm. The selection itself is then performed as specified in rel99/rel4/rel5 specifications.) Figure 1 depicts the TFCS thresholds. Node B can control the data rate limitation given to the UE up to the Node B threshold, by moving UE threshold within TFCS set. If e.g. Node B allows the UE to increase the uplink data rate (maximum TFC allowed for UE) , the UE threshold will be lifted up closer to the Node B threshold. Correspondingly, if Node B wants to decrease the uplink data rate for the UE , it will command the UE threshold to be dropped lower compared to Node B threshold. Hence the Node B is in control of the maximum data rate the UE can select. (Distributed scheduling between the network entities). 

Node B may move the UE threshold between minimum set of TFCs and TFC indicated by the Node B threshold regardless of the initial value of the UE threshold signalled by RNC. Node B may not allow the UE threshold to rise over the Node B threshold and Node B may not restrict the use of TFCs in the minimum set of TFCs.

It is FFS how the method should work in different reconfiguration cases, such as physical channel and transport channel reconfigurations, TFCS reconfiguration for the UE, Node B threshold reconfiguration for the Node B. E.g. in TFCS reconfiguration it should be defined whether UE continues the transmission with the new UE threshold, or continues with the old one. To allow flexible update of Node B threshold to the Node B, and simultaneously minimise the amount of RRC signaling, one possibility is that Node B threshold is not informed to the UE at all.

It is also FFS how the method should work in soft handover. One possibility is that each cell in the active set receives rate requests from the UE and transmits rate grants to the UE independently from the other cells. UE increases the UE threshold only if it receives RG (rate grant) = up from all the Node B's in the active set with high enough reliability. If the UE receives at least one rate grant commanding the UE to decrease the UE threshold, with high enough reliability, then UE decreases its UE threshold. 
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Figure 1: Depiction of TFCS thresholds

In Figure 1 we assume that TFCs of a CCTrCH in a TFCS are ordered according to the CCTrCH data rate (TFC0 with highest data rate and TFC10 with lowest data rate). Further studying on how DCHs controlled with R'99 methods could be multiplexed in the same CCTrCH with DCHs controlled with the proposed method.

---------------------- end of text proposal part 2 ---------------------------------------------------------------
---------------------- start of text proposal part 3 ---------------------------------------------------------------
7.5.1
Required signaling to support two threshold method for Node B scheduling

7.5.1.1
Required Iub signaling to support the method

New proposed signaling for Enhanced Uplink:

· TFCS configuration for uplink, sent by the RNC to the Node B for each UE, this could be included for example in Radio Link Setup, Radio Link Addition and Radio Link Reconfiguration Request message.s 

· Node B threshold, sent by the RNC to the Node B for each UE, this could be included in the same procedures than the TFCS configuration information.

· Initial value of the UE threshold, sent by the RNC to the Node B for each UE, this could be included in the same procedures than the TFCS configuration information.

· The quantity defining the portion of uplink capacity that the Node B has the control of (analogy to total number of codes and total amount of power allocated to HS-DSCH in release5), sent by RNC to Node B. The exact definition of this quantity is FFS. This could be included in Cell Setup and Cell Reconfiguration Request messages.

7.5.1.2
Required RRC signaling to support the method

Rel99/Rel4/Rel5 signaling: The following signaling can/should still be used with Enhanced Uplink:

· Traffic volume measurement, sent by the UE to the RNC. This can be either periodical, or event triggered, i.e. based on thresholds. This may be utilised by the RNC for deciding the UE  threshold and Node B threshold values.

· TFCS configuration for uplink, sent by the RNC to the UE, defining the TFCS.

New proposed signaling for Enhanced Uplink: 

· Initial value of the UE threshold, sent by the RNC to the UE. This defines what is the starting point of the maximum data rate TFC of the TFCS that the UE is able to use with the Rel99 TFC selection method, at the beginning of the connection. This could be included in TFCS Reconfiguration/Addition Information of the RRC protocol.

· Node B threshold, sent by the RNC to the UE. This defines the maximum data rate TFC of the TFCS that the Node B will be in control of. It is FFS whether this should be sent at all to the UE, or only to the Node B. This could be included in the same procedures than the initial UE threshold value information.
7.5.1.3
Required L1 signaling to support the method

New proposed signaling for Enhanced Uplink: 

· RR = rate request, sent by the UE to the Node B. RR can have e.g. values = up/down/keep. Up/down means that the current UE threshold is incremented/decremented by one step in the TFCS, respectively. Keep means that the current data rate is to be kept the same as previously. In practise, maybe only RR=up signal needs to be sent explicitly. Down could be implemented in such a way that Node B detects from the TFCI that UE is using TFC with lower data rate than TFC indicated by UE threshold would allow. This means that both Node B and UE should decrease the current UE threshold value accordingly. Either the decreasement could happen immediately, or there could be some delay hysteresis defined for this kind of case. RR=keep could be implemented by transmitting DTX instead of explicit RR = up command.

The idea how UE is creating the RR signaling is that it checks both its buffer status, and transmitter power level,  relative to maximum transmit power. This means that UE sends RR=up only if it has both enough data in its buffer so that it can transmit with the requested TFC, and that UE's current transmit power level allows it to transmit with the requested TFC, i.e. TFC is in 'Supported state', [8], [14]. The exact procedure for creating the RR is FFS. One example could be that network gives a parameter Transmission_delay to the UE, and UE compares the traffic volume currently in the buffer in the following way: 

If  
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· RG = rate grant, sent by the Node B to the UE. RG can have e.g. values = up/down/keep. Again, up/down means that the current UE threshold is incremented/decremented by one step in the TFCS, respectively. RG=keep means that the current data rate is to be kept the same as previously. In practice, it could be so that only up and down signals need to be sent explicitly. RG=up signal is needed as a positive acknowledgement, if UE has requested an RR=up, and Node B accepts the data rate increasement. If Node B does not accept the data rate increasement, it indicates negatice acknowledgement by sending RG=keep. RG=down is needed for Node B to be able to command the UE to a lower data rate TFC. RG=keep signal could be implemented e.g. as a DTXed command of RG.
---------------------- end of text proposal part 3 ---------------------------------------------------------------
3. Potential benefits of this scheme

As it was already explained in [2], under "Fast Node B scheduling with closed loop power control", one possible drawback in the current Rel99 uplink scheduling techniques, is the fact that they implicitly mean quite statistical packet scheduling approach at the RNC. Statistical packet scheduling in this context means, that if the traffic created by different UEs is quite bursty, and if RNC has still given the UE relatively high data rate in the allowed UL TFCS, it cannot be guaranteed that the activity periods in different UEs will result in a smoothed average UL noise rise. Instead there will be peaks in the uplink noise rise, due to the bursty traffic from different UEs being active with non predictable fashion, according to their traffic models and with activity factors being typically clearly lower than 1 for the allocated TFCS. (Activity factor is the ratio between used data rate and allocated maximum data rate.) One possibility is naturally to allocate a TFCS corresponding to some lower data rate for each UE, to average out the peaks, and thus minimise the UL noise rise variance, but this will mean that it will take longer time for the UEs to complete the transmission. 

Figure 2 shows the UL noise rise variance in release 99 system, 1 km cell radius, Vehicular A 3km/h, 256 kbps max data rate, all packet data users, 115 kbps source data rate during call, activity factor 0.5.
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Figure 2: Uplink noise rise distribution in rel99 system

If fast scheduling is introduced at Node B level, it might be possible to ensure that each UEs activity factor for the currently allowed UL TFCS is closer to 1, and in that way minimise the uplink noise rise variance in the own cell. The potential benefit in this is that, if smaller power margin is then required to combat the overload conditions, this could result in increased uplink throughput. Or looking this the other way around, with certain uplink loading, the network is able to serve UEs with higher data rates, thus also user throughputs can be increased. 

Figure 3 shows the idea in Node B packet scheduling for Enhanced Uplink. The idea is that if Node B allows one UE to increase the data rate, then it has to decrease the data rate for some other UE, in order to keep the portion of the load, controlled by Node B, within a fixed margin. E.g. if Node B sends RG=Down to UE2 (or UE2 has decreased its data rate itself), then the Node B can send RG=Up to UE1. It is noted that figure 2 is simplified in that sense, that it does not show the fact that different UEs have different timings in uplink, which issue will be of course present still also for this uplink enhancement method..
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Figure 3: Node B packet scheduling for Enhanced Uplink

4. Conclusions

In this paper we have presented a proposed scheme to be studied further in Enhanced Uplink study item. It is proposed that the text from chapter 2 is included into TR25.896.
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1) Red curve: 2 RX Antennas (270 users)
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