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1
Introduction

This contribution gives further details on the scheduling proposal presented at the joint RAN1/RAN2 meeting in [1]. In particular it addresses associated signalling and node B status synchronisation in soft handover.
The two stage rate scheduler presented at the last meeting is reproduced in annex of this document. Its architecture is in line with the current agreements, with the following points yet to be decided:
· SHO aspects, not yet decided

· It is proposed that the scheduler is a rate scheduler, not yet decided

2
Soft handover considerations

As explained in annex of this document, in soft handover we propose that the UE listens to grants (absolute and relative) received from all node Bs in its E-DCH active set and from there derives the allowed transmission data rate for E-DCH as the minimum of all signalled values.
This approach allows to limit the interference caused to neighbouring cells but also to take into account hardware limitations of these cells. Indeed the scheduler in each cell will allocate certain data rate (or TFC or power) to the UE and dimension its processing hardware accordingly so unless the UE derives the minimum of these values some of the E-DCH active set node Bs may not be able to receive properly the data rate transmitted by the UE.

However as pointed out in the discussions at the last meeting, the implication of this approach is that some of the active set node Bs may have overdimensionned the hardware resource allocated to a given UE.

To overcome this limitation either the node Bs scheduler should consider a conservative approach for the UEs in soft handover in order to limit the differences in scheduled data rates in the E-DCH active set and therefore limit the waste in hardware resource allocation. 
One other approach would be to implement a mechanism as described by Siemens in [2] allowing to synchronise the status of the active set node Bs before the UE actually transmits in a given TTI. With such a synchronisation mechanism, the node Bs are aware in advance of the TFCs that can be be transmitted (maximum bit rate) and they dimension their resource accordingly. Another approach is that it could be done while the UE starts at the minimum bit rate, hence without incurring uplink delays This approach allows both to limit the interference increase in neighbouring cells and not to waste hardware resource in some of the active set node Bs.
This means that in soft handover, the scheduler should be more likely a continous rate scheduler (as opposed to a  rate changing every TTI). Otherwise different cells would have diverging strategies for Hardware and interference management, which is not efficient and/or stable. It should also be noted that such a strategy as opposed to TDM like strategy (where all the bandwith is allocated to a given UE in a TTI), has been shown to be as efficient (many papers in the literature have shown that this yields similar results end to end for typical IP traffic, and sometimes even better for TCP) and is more simple to operate in adverse radio conditions (such as those in SHO i.e. macro-cellular). TDM like strategy is of course supported but looks more suitable to a WiFi like low mobility operation (micro or pico cellular).

So in short, synchronising the various Node-Bs so that the optimum is reached is something which can be done and which allows to reach higher bit rates than a simple ON/OFF (busy bit) unco-ordinated strategy. This is why we believe that although we synchronise the UE on the minimum of all Node-Bs, this minimum will actually be higher than what other approaches would allow. Indeed other approaches (e.g. busy bit) will have to be much more conservative in pratice.

In the following section, we describe the associated signalling for scheduler including mechanisms to support the node B synchronisation in soft handover.

One other aspect which we view as important is that the concept of Master scheduler should be avoided. Soft handover is today working with no preference from cells in the active set, and this is what makes soft handover “self operating”, avoiding frequent reconfigurations of the active set which would be needed if not all cells were equivalent.
Since E-DCH has also to support soft handover and mobility, including for such applications as conversational (some companies insisted very much on this…), this key property of the make before break operation i.e. smooth transition with no “hard limit” has to be retained for uplink (and will be an area where HSDPA may need to be improved one day).
3
Scheduler associated signalling

In [3], we present our views regarding the support of HARQ signalling. We believe this signalling should be carried at the physical layer. However for the scheduler associated signalling we believe there are alternative ways to carry the signalling which allow to reduce the number of signalling bits at the physical layer.
During HSDPA specification phase, MAC level signalling had been discussed to e.g. reconfigure a number of HSDPA parameters. At the time it was found that the proposal could not work because the node B cannot make sure that the UE has correctly received the signalling message and acted accordingly.

With the introduction of E-DCH, the missing UL MAC termination to allow this sort of signalling to be used, has been introduced with MAC-e.

As a consequence we propose that scheduler related signalling uses MAC signalling between the UE and the node B.

MAC signalling can be used to transmit information such as buffer status indication, available transmit power and also the predicted data rate (or TFC in the Siemens proposal) in soft handover. Also, the actual rate information provided by the other Node-Bs could be mirrored so as to harmonise the actual grant to a UE in soft handover .
To make sure all node Bs have correctly received the predicted TFC (derived after combination of the absolute and relative grants from all E-DCH active set node Bs), the UE should ensure that it has received an acknowledgement to the corresponding message from all E-DCH active set node Bs. This is a simple extension to the protocol. The MAC-e PDU that would be defined would be a MAC-e control PDU terminating in the Node-B.
With this approach, detailed information can be provided to the Node-Bs, without asking for difficult layer 1 robust signalling, since the information would be sent using the HARQ protocol, and with a very high channel protection (since a MAC-e control PDU will not be very big in size). Also, this is working equally well for 2 and 10 ms TTI (and TDD one day).
It should also be noted that the mechanism can be extended to allow for a MAC-hs/MAC-e pairing, and could resolve other Node-B – UE scenarios encountered in the past, where layer 1 signalling has shown to be very difficult. 
This mechanism is introduced in RAN WG1 so as to explain why we believe that RAN WG1 should not map scheduling information in the layer 1 (something which could be anyway very challenging). The details will then be worked out in RAN WG2. This will be close to RLC type operation with RRC Traffic Volume Measurements and RLC Status PDU i.e. layer 2 information,carried by L2, more futureproof and simple for RAN WG1.
Conclusion
In addition to the simple architecture proposed for the Node-B E-DCH scheduler, we propose to agree that:

· In soft handover the UE should combine absolute and relative grants from all E-DCH active set node Bs in order to derive its allowed maximum data rate
· Scheduler associated signalling is not carried at the physical layer
Synchronisation of the node Bs in soft handover can be further implemented with the proposed signalling scheme, this is more for RAN2 to discuss at their next meeting.
Also, the scheme could be complemented by other optimisations such as the slow ramp up proposed by NTT DoCoMo, depending on the discussions.
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Annex : Scheduler architecture
The proposed scheduler architecture consists in a two stages rate scheduler:

· Each Node-B sends on a common channel e.g. S-CCPCH of each cell it controls a reference bit rate which has to be received by all UEs.
· Each Node-B sends on the DPCH of the UE a percentage information to be applied by this UE

The UE then multiplies the percentage to the reference bit rate, and acts upon it like a TFC control request i.e. limits its E-DCH peak bit rate.
This two stages transmission allows different strategies:
The information sent on common channel, the reference bit rate, allows to control the cell load, by lowering or increasing the bit rate of all UEs.

The information on the DPCH allows to prioritise certain UEs over other UEs.

Two simple and opposite stragegies can illustrate the proposal:

· Granting 100% percentage to all UEs, and only use the common reference bit rate to manage the uplink load, typically depending on the number of UEs (fair strategy) i.e. sending the common UE bit rates on the common channel. No continuous signalling on the dedicated channel is needed.
· Sending in the common reference bit rate the total cell capacity, and use the dedicated information to time and rate control every UE (unfair strategy). In the simplest but finest time scheduler case, one simple ON/OFF bit is enough on the dedicated channel. 
Many strategies mixing these two examples can be defined.

Regarding the UE requirements:
· This common information is sent e.g. every 2 or 10ms and is repeated e.g. 8 times in a cell, allowing a UE with only one extra receiver to scan multiple cells in case of SHO

· The dedicated information is sent on DPCH and therefore supports SHO based on current capability

The dedicated signalling could be sent on DPCCH so that softer handover is supported without extra complexity on the DPDCH and on the UE. This is possible because the signalling load is not heavy, as shown in the examples of strategies above. Alternatively, puncturing the DPDCH could be imagined.
Regarding the signalling requirements:

· One octet should be enough on the common channel, depending on the granularity which will be defined. One optimisation on this principle is to send multiple common reference bit rates per logical channel priority, which means that a few octets will be needed.
· On the dedicated channel, the requirement in terms of size and refresh rate can be made flexible depending on the speed for the rate scheduler which is envisaged:

· TTI speed rate scheduler, from one bit (the example above), to a few bits (3 bits should be enough, 2 bits may be sufficient)

· Low speed rate scheduler: the information can be interleaved over several TTIs.

· On the extreme, in the completely fair scheduler, no continuous signalling would be needed (or no signalling at all).

This means that scheduling can be made as robust as needed to cope with all radio conditions (typically this would be linked to the cell type).

