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Latency enhancements – System concept 
(working assumptions)
1 Introduction
There have been many proposals on latency enhancements during the feasibility study on future GERAN evolution [1]. It might not have been very easy to follow and understand how they relate to each other and how they could work together and what is still open for further study. This document tries to summarise and describe the possible latency enhancement concept (working assumption style). A draft work item proposal [2] indicates what functionality would become part of the GERAN standard. The mechanisms will extend the EGPRS functionality and not the GPRS. The suggested components
 are:
· Fast Ack/Nack reporting

· Fast Ack/Nack reporting on UL and DL

· Allowing piggybacking of a short Ack/Nack report/bitmap in RLC/MAC data blocks

· Reduced Transmission Time Interval (RTTI)

· Reduce the block time including two options: 10ms and 5 ms TTI(s)
· Requiring a faster MS reaction time when

· compiling and sending an Ack/Nack

· retransmitting a Nack’ed block

Basically all of them could be independently used or combined, although some restrictions could be considered, i.e. binding Fast Ack/Nack reporting to RTTI blocks. Multiplexing with legacy users on a PDCH would be supported as well as an optimized solution not allowing multiplexing with legacy users. RTTI could be achieved in combination with dual-carrier and with single-carrier.
The assumptions described below do not contain any details of the different mechanisms as they are found in the feasibility report [1] and those agreed to be included from the GERAN#29 meeting e.g. [3].
2 Fast Ack/Nack reporting
2.1 Architecture
The current principles and architecture apply. The legacy reporting would still be used.
2.2 Ack/Nack reports and piggybacking
In order to reduce the overhead and reduce the latency a short Ack/Nack report is defined that could be included in an RLC data block. The short Ack/Nack report shall be applicable in both uplink and downlink. There are two possible ways a short Ack/Nack report could be defined:

· Time synchronised-based

· the report typically consists of a bit per RLC data block indicating if it was received correctly or not.
· Requires a unique time/event where the transmitting and receiving ends are synchronised to be used as a reference for the report 

· Sequence number-based
· The report consists typically of a BSN and one bit per RLC data block indicating if it was received correctly or not

· Requires a full BSN to be used as a reference
For further studies:

- If both or one of the Ack/Nack report field types are necessary

- One of them is preferred to limit the options

- The exact sizes and content of the Ack/Nack report(s) 
- Proposed sizes are found in [1] and [3]
- IR and channel coding issues 

2.3 Signalling and control

The same control mechanisms as today could be assumed, where it is the network that explicitly polls the mobile stations to send a feedback. However, some extensions are also proposed, as described in the following.
One possibility is to define an event driven approach, where the the MS is allowed to respond only when an RLC block is not correctly received, i.e. when an out-of-sequence condition is detected at the receiver. The reason in this case is to avoid unnecessary reporting that wastes uplink resources.
As described in [3], the possible behaviour when the MS is polled (via the ES/P & RRBP fields) and USF scheduled at the same time is:

· A short Ack/Nack report is piggybacked with data payload if one or more RLC data blocks have been received in error and are still outstanding, and there is data to transmit uplink
· A normal RLC data block is sent (no piggybacking of short Ack/Nack report) if no RLC data blocks are outstanding and there is data to transmit uplink. 
· A normal (legacy) Ack/Nack report is sent if there is no data payload to be sent

Another possibility is to allow the MS to send a report without being polled, i.e. when the mobile is USF scheduled (FFS).
In any case the control and signalling of the various options requires some updates of the headers that are backward compatible, see details in [1].
3 Reduced TTI

3.1 General
The TTI can be reduced to 10 and 5 ms by either allocating two or four time slots, respectively. It is also possible to allocate two carriers and one or two time slots per carrier assuming dual carrier transmission.
There will be one multiplexing case where legacy, 20 ms, TTI users can be multiplexed with reduced TTI users on same PDCHs. This assumes the legacy 20ms USF being used. In addition a scheme will be defined where no multiplexing of legacy users is allowed. This scheme relaxes the requirement of a legacy USF and a new USF scheme will be defined to match the TTI.
3.2 Burst formats

Radio block formats with four and (optionally) two bursts will be defined to allow efficient radio resource usage depending on data payload and radio conditions.
The selection of radio block format should be done dynamically from block to block within a TBF allocation.

3.3 Channel combinations

Allowed channel combinations for reduced TTI is described here.
5ms: 4+4 (in the single carrier case)
10ms: 2x + 2y (with x, y = 1...3) (in the single carrier case)
FFS.
3.4 Set-up of TTI

At the set-up of the TBF one corresponding TTI is chosen to be used. The same TTI value is to be used in both UL and DL. It is assumed that the TTI cannot be changed on a per block basis. Re-configuration of the TBF should support change of TTI (such as at cell change or physical reconfiguration in a cell). 
It is further assumed that the same TTI should be used for all TBFs in a multiple TBF allocation (FFS)

3.5 Legacy multiplexing (USF etc.)
The RLC/MAC distribution messages are always sent by 20 ms TTI on the PACCH. The non-distribution RLC/MAC control messages are sent with the actual TTI of the TBF.
The legacy USF scheme is used to schedule both legacy users and reduced TTI users on same PDCH . The use of stealing flags etc. to identify burst formats and TTIs should be such that multiplexing w/ legacy MSs is possible. 
3.6 No legacy multiplexing
All RLC/MAC control blocks on the PACCH are sent with the allocated TTI for the TBF. USF scheme shall be optimised for the RTTI cases.
4 Faster MS reaction time
The MS reaction time to respond to an RRBP poll should at least be reduced to one TTI after the block containing the poll (today the minimum requirement is 2*TTI, i.e. 40 ms).

The reaction time upon a receipt of a commanding message or indication from the network requiring an action by the mobile station should be reduced as well. Typically the existing requirement is “…the mobile station shall begin to perform the required action no later than the next occurrence of block B((x+6) mod 12), where block B(x) is the radio block containing the commanding message or indication form the network”, see TS 45.010. The requirement should be stricter (i.e. a faster response by the receiving RLC endpoint is required) for re-sending of a block from reception of a Nack indication.
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� Non-persistent RLC mode operation is not part of the latency concept but still related to. It is seen as more belonging closer to a certain set of real-time applications such as VoIP and similar services and hence already contributed under the PS Conversational Services work item. 
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