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Report from the USCH email discussion group

Abstract

In this paper a brief summary is given of the 'USCH email' group discussions.  The discussion was kicked off with an email from Motorola in which the main principles behind the USCH were described  (note access to the USCH is controlled centrally by MAC).   The objective was to gain consensus on the principles for efficient packet data service support and to then investigate the best ways of meeting the objectives.  Questions and comments were received from France Telecom (CNET), Mitsubishi, Ericsson and GBT.

The summary of the original (kick-off) email is given below in italics, the summary focuses on L23 aspects of the discussions.

Summary

Fundamental principles of USCH:

****************************

The USCH concept originated out of a desire to ensure that packet data is efficiently supported in the uplink with the highest QoS possible.   There are a number of fundamental principles behind the concept:

Principle 1)  Only make short leases on the radio resource

By only allocating resource to a user of a packet data service for a single or just a few frames at a time a number of benefits can be accrued:

a) Facilitates shared access to a fat pipe.  Average packet call completion times and QoS will be improved.

b) Assignment and re-assignment of capacity does not have to be made in acknowledged mode.  This means that resource can be assigned and released very quickly. 

c) Unlike the alternative of conveying packets on a DCH, the decision on what bit rate to assign to the DCH at packet call set-up does not have to be made.  

d) Permits rapid response to changing priorities of queued packets.  - The highest priority packet always gets served first.

e) Permits rapid exploitation of (even temporary) changes in conditions since it is possible to rapidly vary the size of the shared channel itself.

 f) Note that although with this proposal resource is only allocated in small chunks at a time this does not preclude the network from making many consecutive allocations to the same UE such that the UE transmits continuously over many frames.

[Mitsubishi] Agreement on the principle, though it was felt that RRC would be adequate.

[Ericsson] Did not state whether there was agreement on the principle.  Stated that RRC could achieve the objectives through use of measurement report and TFCS reconfiguration procedures.  Motorola responded by saying that whilst RRC could be used it would not be as efficient in signalling overhead terms as would be the case if MAC were used.  Ericsson questioned why ACK mode could not be used on DCH's.  Motorola responded by saying that ACK mode is needed to end/modify an 'open-ended' assignment on a high rate data connection.

[GBT]  Concerned that short leases would mean frequent re-RACHing.  Motorola responded that:

1) One IP packet results in a request for many RLC blocks. As a result, several consecutive leases will be issued by the UTRAN.  In any one of the leases, the UE may piggyback further resource requests.

2) Most often, IP transactions are bidirectional.  Therefore, the UE will have an opportunity to piggyback an uplink resource request during each downlink packet transmission.

3) Resource requests are made on a low-rate RACH where collisions will be unlikely.  Once the UE has received the L1 RACH acknowledgement, it may await its uplink scheduled transmission.  Any subsequent packets that arrive while it is waiting for its scheduled uplink burst can have their requests piggybacked on the scheduled uplink transmission. No re-RACHing. 

Principle 2) Indication of allocations on a common channel becomes more efficient when the shared channel is heavily loaded

There are essentially two approaches to signalling allocations on the shared channels, either they can be communicated on an associated dedicated channel or else they can be signalled on a common channel.

In Tdoc TSGR#2(99)128 Motorola presented an analysis which showed that when the shared channel is heavily loaded with WWW users it is inefficient to have a DCH set-up for each user engaged in a packet call for the purposes of performing L2/3 signalling and L1 link maintenance.  The alternative in which link maintenance between packet bursts is not maintained and in which downlink signalling has to therefore be performed on an ACCH is more efficient.     

[Ericsson] Are not convinced that a common control channel would consume 10 times as much power resource as 10 DCH's in the control only state.   Motorola included a calculation (in a response to the GBT question) which supports the Motorola argument.  Motorola believe there will be savings as the system gets congested since the scheduling will provide a TDM effect when many UEs are simultaneously active.  Therefore, the signalling requirement is bounded, whereas when associated DCH's are used the average signalling overhead increases linearly with the number of packet users.  Motorola acknowledged that DCH may be advantageous for controlling the USCH in certain circumstances.  

[GBT] Also had concern over downlink signalling requirement.

Principle 3) Access to the shared resource should be managed centrally

Benefits of managing the resource centrally include:

a) Access to the uplink power resource is tightly managed (reliance on probabilistic admission control/statistical averaging is minimised)..  

b) High data rates can be assigned (without danger of collision), thereby improving packet call completion times.

c) High rates can be allocated to users on the cell edge since access to the resource can be scheduled in multiple cells, again, improving packet call completion times. 

d) Centralised management permits pairing of the USCH with the DSCH.  This can be useful when the network has to convey a packet in the downlink on the DSCH.  If a centrally managed USCH is available then the uplink PC bits and L23 info could be conveyed on the USCH.  

[Mitsubishi]  Agreement with the principle, thinks RRC should be used instead of MAC.

[GBT, Ericsson] Concern at the delay in being assigned the resource when you have to ask the MAC/RNC first.  Motorola response: At the start of an uplink packet call there will be some delay in being assigned the uplink resource, this happens with a DCH too. During a packet call most of the queue status information will be piggy-backed on the data (ie a pipeline is set-up) such that the set-up delay's contribution to overall packet call completion time will be marginal.  The ability to schedule high rate transmission will offset any set-up delays incurred. 

Principle 4) Minimise delay in request and assignment of resource

Take measures to minimise messaging delay in order to improve customer perceived QoS. For example, steps should be taken to minimise unnecessary communications over the Iur. 

[Ericsson]  Not convinced that delay over the Iur is a problem.  Motorola response was that clearly delay can be reduced if bandwidth is increased, however, Iur links will be expensive for operators so steps should be taken to avoid having to increase their size.  

Implementation impacts of the afore-mentioned USCH principles

******************************************************

Implementation impact #1) Removal of link maintenance between packet bursts (relates to principle 2)

Where link maintenance between packet bursts is not available it is necessary to have an alternative solution for training layer 1 algorithms (acquisition, power control, channel estimation).  The solution is to have a low rate one frame preamble prior to the main packet transmission.  See WG2 Tdoc TSGR2#2(99)129 and WG1 Tdoc 064 which was presented in Sweden last week.

[Ericsson] Stop and resumption which can be applied to DCH's is similar to what has been proposed by Motorola.

Implementation impact #2) Minimise capacity of ACCH (relates to principle 2)

a) Use of Temporary UE ID (TUEID) which is smaller than the RNTI.  

[Ericsson] How is TUEID assigned? Motorola response: TUEID would be assigned by SRNC/RRC and would be assigned at the same time that the UE is instructed to listen to a new ACCH (conventional handover measurements would be used to determine when to hand-off ACCH).  The SRNC would have to acquire the TUEID from the CRNC (if the TUEID field is made sufficiently large then this need not entail any additional delay since the CRNC could have already 'loaned' the SRNC some spare TUEID's).

b) Use of variable rate ACCH, so that capacity consumed is always minimised.

[Ericsson] Also possible on FACH

c) Measures can also be taken to minimise the number of UE's given access to the shared channels in any given frame 

[Ericsson] It should always be possible to use the entire capacity of the fat pipe.  Motorola response: Agreed, but this does not preclude making allocations to a a relatively small number of UE's at a time.

d) Another option is to reduce ACCH load by providing the capability of making fixed length allocations for not just one frame but for a few frames.

[Ericsson]  Feel that more capacity is needed on the ACCH as the number of users grows (as is the case when associated  DCH's are used for signalling).   Motorola did not see why capacity required on ACCH need increase as the number of users increases.

Implementation impact #3) Indication of UE queue status in uplink (relates to principles 1 and 3)

With the centralised MAC it is necessary for the UE to indicate its changing requirements to the network.  A method for encoding queue status and packet priority would have to be agreed.

[GBT] Thought 1-2 messages would be required on the RACH for this purpose.  Motorola :  There is no reason why a resource request would require more than one RACH message.

[GBT] UE can request transmission rates based on the queue length, traffic condition and capacity availability as it is done in the CPCH scheme proposed by T1.  Motorola response:  This is a key difference.  The UE is only required to transmit it's queue depth.  The transmission rate is selected by the UTRAN based on all available system information.  What's more, an operator can modify the scheduling algorithms and policies by upgrading software within the UTRAN.  Scheduling algorithms are not constrained by legacy UEs.

Implementation impact #4) What entities perform the management MAC or RRC, SRNC or CRNC? (relates to principles 2 and 4)

One of the requirements for a new transport channel to be defined (USCH) stems from consideration of one of the limitations of the current model which becomes apparent for users on the cell edge between RNC cell-sets.  In the current model, requests for uplink resource allocation always have to be sent to SRNC/RRC and likewise allocation messages always have to be sent from SRNC/RRC.  One of the important motivators for the DSCH concept was that the CRNC can autonomously decide when to transmit packets, in other words it is possible for the DRNC to send packets without reference to the SRNC thereby improving QoS by avoiding unnecessary communications and delay across the Iur.  It is also clearly important to minimise unnecessary delay in the case of the uplink as well, and there are a number of scenario's where it could prove useful to give the CRNC (and therefore, on occasion DRNC) the capability to allocate uplink resource for a user.

[Ericsson]   SRNC should always handle allocations as long as it has at least one macro-diversity branch involved.

[Mitsubishi]  Unconvinced about the requirement for scheduling from the CRNC.  Felt that CRNC could loan resource to SRNC so that the SRNC would not have to ask for it.  Motorola comment (not actually provided in the email): this would not be acceptable if transmission is to be achieved at a high rate. 

[Ericsson] Motorola had argued that USCH could be assigned by DRNC during a DSCH transmission to act as a 'pair' for the DSCH.   Ericsson noted that USCH, as a transport channel, would not convey PC bits.  Motorola response re-iterated that USCH would also be used for conveying L23 information.  

[ Mitsubishi] Expressed opinion that only one protocol (eg RRC) should control access to the uplink resource, concern that allowing MAC to do so as well could be inefficient.  Motorola responded that they did not see a problem, the size of the shared channel can be rapidly adapted to exploit changes in conditions (both MAC USCH and RRC DCH are controlled in RNC and same info is available to both MAC and RRC).  Ericsson seemed to agree with the thrust of the Motorola analysis on this point.

 [Ericsson] Expressed concern that one of the scenario's identified as potentially benefiting from a DRNC capability to allocate resource might result in multi-code (which they felt was to be avoided).  Motorola clarified that they did not necessarily advocate use of multi-code but that it should also be borne in mind that there are some advantages to multi-code which could perhaps be exploited in some future UE classes.  

Miscellaneous comments

[GBT]  Thought USCH to be similar to DCH with stop and resumption control.

[GBT] Tracing diagram for the protocol is required so that the whole picture can be seen.  Motorola: agrees that clarification is necessary to overcome some of the mis-understandings.  A MAC state diagram will be provided (see Tdoc 265). 

[FT]  Felt that Motorola's proposal is a special case of the Alcatel DPAC scheme.  Motorola response (not actually provided in the email):   I would consider the techniques to be significantly different, Motorola proposes centralised MAC layer scheduling, Alcatel effectively proposes distributed scheduling.













































































































