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Fast Feedback Channel (v1)
1 Introduction

This paper describes a feature called a Fast Feedback Channel (FFCH) considered important for supporting low latency services simultaneously active in multiple mobile stations where the MS are subject to discontinuous transmission (DTX) on the uplink. Moreover, this feature can be used for supporting a group of mobile stations supporting services for which periodic feedback is important while in DTX regardless of the latency attribute of those services (e.g. MS based applications for which unsolicited status information will need to be transmitted aperiodically whereby any given transmission requires minimal delay to achieve the perception of real time performance).
A specific scenario of concern is where a mobile station is in packet transfer mode with no uplink payload to send and therefore stops making use of its USF based transmission opportunities scheduled for it. In this case the BSS responds to the inactivity by significantly reducing the frequency of the dedicated USF scheduled for that mobile station. The challenge with the BSS managing such inactive mobile stations is that it must still provide them with a significant number of USF based transmission opportunities to ensure the delay experienced in resuming the transmission of the delay sensitive services is minimized (i.e. the delay requirement for such services must not be violated when an inactive mobile station becomes active again). 
The document is an update of [3] with updates highlighted in red.

2 Operational aspects
The operational aspects of this feature are as follows:

· A shared (common) USF is assigned to multiple mobile stations where each MS supports a service for which fast feedback is required while in DTX (e.g. a low transfer delay service on the uplink).

· A mobile station that has been assigned a shared USF will immediately begin looking for it (i.e. in addition to its dedicated USF). Upon entering DTX mode an MS may use a shared USF based transmission opportunity for the case where it determines it has to transmit some information to the BSS using the FFCH (e.g. the MS realizes it has additional uplink payload to send or it needs to inform the BSS of a problematic DL transmission).

· When responding to a shared USF each MS sends information using a pre-defined MS specific symbol segment within the overall 4 burst symbol space normally associated with a USF.

· The transmission of this information (i.e. a message) within one of these pre-defined symbol segments can therefore be used to provide a BSS with MS specific information. 

· The number of distinct pre-defined symbol segments will reflect the number of mobile stations that are assigned a shared USF value (e.g. 4 mobile stations are supported using 4 pre-defined symbol segments). 

3 Use Cases

The following use cases are examples of what can be supported using the FFCH feature:

Use Case 1

· The initial condition of interest is where a set of one or more mobile stations are in packet transfer mode but have entered DTX mode on the uplink, the BSS has detected the inactivity and has responded by significantly reducing the scheduling of MS specific USFs, and each mobile station in the set has been assigned the same shared USF. 

· The quick resumption of uplink user plane transmission for an MS in this set is accomplished by sending the BSS a message indicating UL activity using a shared USF based transmission opportunity.
· When the message is received from that MS the BSS determines that it needs to resume normal scheduling of the MS specific USF and does so.
Use Case 2

· The initial condition of interest is the same as described in Use Case 1 above with the additional factor being that the BSS is transmitting user plane payload to an MS using a downlink TBF.

· The MS may detect a problematic radio block on the downlink (e.g. it receives an RLC data block with an out of sequence block sequence number) in which case it needs to quickly send the BSS a message that provides appropriate Ack/Nack information.  

· The MS uses a shared USF based transmission opportunity to send the BSS the message containing the Ack/Nack information, the BSS receives the message, determines that it needs to re-transmit one or more DL RLC Data blocks and does so.
4 Burst Structure

Figure 1 below shows an example where each burst corresponding to a shared USF is broken up into two distinct symbol segments where a total of 4 mobile stations are supported. In this case MS1 uses the first half of the 1st burst and the first half of the 3rd burst to send a message to the BSS, MS2 uses the second half of the 1st burst and the second half of the 3rd burst etc. In Figure 2 the normal (i.e. legacy) burst formatting is shown as reference.
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Figure 1. FFCH Burst Formatting
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Figure 2. Legacy CS-1 Encoded Burst Formatting

TB = Tail Bits (3 symbols long)

GP+ = Guard Period (8.125 symbols long)

GP = Guard Period (8.25 symbols long)

TSC = Training Sequence Codeword (26 symbols)

EP MSX = Encrypted Payload for MS X (19 symbols)

EP = Encrypted Payload (58 symbols)

Total Symbols per FFCH Burst: 4*3 + 2*26 + 2*8.125 + 4*19 = 156.25

Total Symbols per Legacy CS-1 Encoded Burst:  2*3 + 2*58 + 26 + 8.25 = 156.25

The Encrypted Payload for MS X will consist of a channel coded message (e.g. using rate .62 or stronger coding as is currently used for a PAN) transmitted using the 76 symbol space allocated to that MS within 2 bursts as shown in Figure 1. 

FFCH burst transmission can be applied both in BTTI and RTTI mode as depicted in Figure 3.
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Figure 3. BTTI (left) and RTTI (right) transmission of FFCH bursts

Using the example of a low latency service operating in DTX mode, the message content will include CRC bits + a SAD (service activity detection) bit + Ack/Nack bits + 1 dummy bit where the dummy bit can e.g. be used as a message type field so that FFCH bursts can be used for purposes other than sending PAN and SAD information. 
It is proposed to use a starting sequence number (SSN) based reporting and re-use existing functionality defined for Piggy backed Ack/Nack, PAN (LATRED in Rel-7) for the Ack/Nack portion of the message (including e.g. bit-wise modulo 2 operator with the TFI so that TFI is implicitly included when PAN and SAD information is sent). The fields used in the message are depicted in Figure 4. Fields added in addition to what is used for the PAN are the SAD field and the dummy bit resulting in a payload size of 22 bits (excluding CRC).
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Figure 4. Message Fields.
In the following sections a CRC of both 16 and 18 bits has been evaluated. The 18 bit CRC is re-using the CRC for MCS-0 while the 16 bit CRC re-uses the one from CS-2-4. 
5  Feature Management

The method that a serving BSS uses to determine the set of mobile stations to assign a shared USF is implementation specific. However, some of the following factors can be taken into account by the BSS: 

· Each candidate MS must support the FFCH feature (e.g. indicated using the MS Radio Access Capabilities information element).

· Each candidate MS must share at least one common uplink carrier (for FFCH burst transmission) and one common downlink carrier (for shared USF reception).

· Each candidate MS must use the same transmission time interval on the uplink TBF for which they share one or more common timeslots (i.e. BTTI or RTTI).

Upon determining that it has one or more FFCH capable mobile stations that could be grouped into a set, the serving BSS may then decide to have them operate using the FFCH feature according to the following: 

· Assignment messages are sent to inform an MS of the shared USF value to use, the PDCH/PDCH-pair upon which to read the shared USF and the specific symbol segments within the FFCH bursts the MS is to use (see Figure 1).

· The USF granularity necessarily defaults to 1 and Dynamic Allocation is always used for the shared USF.

When the FFCH feature has been enabled for a set of one or more mobile stations the following can occur:

· A BSS may transmit a shared USF using every instance of a given PDCH or every 2nd instance of a given PDCH-pair and thereby ensure all mobile stations that have been assigned that shared USF (i.e. using BTTI USF mode or RTTI USF mode) will have at least one opportunity every 20ms to convey a status message to the BSS. 

· An active mobile station with a shared USF assignment still transmits uplink RLC data blocks according to the transmission opportunities corresponding to each of its received dedicated USFs (i.e. according to legacy uplink TBF rules). 

· A mobile station not using DTX on the uplink may still use its assigned shared USF as an opportunity to send a notification message to the BSS (e.g. indicate to the BSS that additional uplink bandwidth should be allocated to its ongoing uplink TBF). 

· If an MS with a shared USF assignment goes inactive (i.e. enters DTX mode), the BSS may respond by significantly reducing the scheduling of its dedicated USF. By doing this the network can minimize the amount of uplink bandwidth it needs to allocate to inactive mobile stations and yet still ensure the requirements of low delay uplink packet services are satisfied for these mobile stations.

· An MS in DTX will monitor its shared USF and may choose to simply ignore any transmission opportunities provided by that shared USF if it has nothing to send. 

· At some point an MS in DTX may become active again and respond by using the next shared USF based transmission opportunity to transmit a message that triggers the BSS to resume normal scheduling of the dedicated USF for that MS or to resend one or more problematic DL RLC data blocks for that MS.

6 FFCH Simulation Results

In Table 1 the simulation assumptions are shown.

Table 1. Simulation assumptions

	Parameter
	Value

	MCS
	CS-1, PAN, MCS-1-3, FFCH

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal,

	TTI mode
	RTTI

	Scenario
	DTS-2 (i.e. 2 co-channel, 1 adj-channel, 1 AWGN)

	Antenna diversity
	Yes

	Receiver algorithm
	IRC

	Tx / Rx Impairments:
	Typical

	Simulation length
	10 000 frames (figure1)

1e7 (figure 6)
50000 frames (figure 7 and 8)


Uniform puncturing has been assumed for the FFCH bursts. The interleaver is also generic, based on the defined interleaver for EGPRS2, see [1]. Note that both interleaver and puncturing can be optimized to improve performance.

Each message sent using FFCH bursts is assumed to be interleaved over two TDMA frames irrespective of RTTI or BTTI configuration, thus the performance shown for messages sent using the FFCH feature is valid for both cases.

6.1 FFCH vs. current control channels
Three different code rates for messages sent using the FFCH feature have been simulated and compared to control  channel performance of CS-1 and PAN for MCS-1-3.
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Figure 5. Link level performance of messages sent using FFCH. Currently defined A/N channels - CS-1 and PAN (GMSK) - are shown for reference (blue). 

Messages sent using the FFCH feature should be at least as robust as the PAN transmission for MCS-1-3 in order not to degrade the performance compared to using PAN. Also, it should be noted that the performance of messages sent using the FFCH feature will not be dependent on the modulation used by the payload, as for PAN, but will always be transmitted with the most robust modulation, GMSK. If the performance of FFCH messages is aligned with the PAN of MCS-1-3 a payload size of 43 bits could be used. However, if keeping to the design shown in Figure 4 a total payload size (including CRC of 16 bits) of 38 should be used.
6.2 FFCH CRC length

To investigate the false detection rate of the FFCH using different CRC length, simulations have been performed with random RF input. The CRC length has been varied (15, 16 and 18) and the false detection rate has been evaluated. 
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Figure 6. Different CRC length and corresponding Erroneous Frame Indication.

The results according to Figure 6 shows that CRC-16 fulfills the requirement according to 3GPP TS 45.005. The CRC-16 codeword used is the same as used for GPRS CS2, 3 and 4 and is proposed to be re-used.

6.3 Evaluation of interleaving depth for FFCH

In [4] an altenative design of the FFCH was proposed by using normal burst mapping with interleaving depth of 1 for the block. This design allows for less overhead from TSCs (one TSC is needed for each burst transmitted) while the frequency diversity will be eliminated. 

Both burst mappings has been evaluated (using the CRC of 16 bits as described in chapter 6.2 above) in Figure 7.
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Figure 7. FFCH performance using 22 encoded bits and one or two bursts per block respectively. 2 dB ticks on x-axis.

It can be seen that there is a clear difference in the diversity gains between the two proposals with equal performance at 10 % BLER while the 2 burst interleaving experiences a steeper BLER slope due to the diversity improvements.
7 Comparison with Piggyback (PB) burst (e.g. GP-090647)

In this section the FFCH feature is compared to the Piggyback (PB) burst proposal in [2].

Cell coverage

The area in a cell for which the PB feature can be used is limited due to multiplexing and overlap with the access burst (that is not transmitted with TA), see [2]. 

This problem does not occur when using the FFCH feature since FFCH bursts are always sent with TA (time alignment), i.e. only FFCH bursts will be transmitted and there are no limitations on where the FFCH feature can be applied in a cell.

Collision probability

Since the PTCCH/U and idle frame used for PB bursts, see [2], are not resources reserved for each user there will be a collision probability of the PB bursts if more than one user is using the (PTCCH/U and idle frame) TS for feedback. The collision probability will depend on the frequency of the PB bursts transmitted and the multiplexing rate on the TS. If a collision occurs it is likely that all of the PB burst will be lost at the receiver since it is not designed for multiple user reception and there is no functionality to distinguish between different users. 
With the FFCH feature no collisions will occur since dedicated resources are reserved for each user.

False positives

Detection of the PB burst needs to be performed at all transmission time intervals (TTIs) since the base station does not know when a MS sends a PB burst. The details on the false positives evaluation of the PB is not yet clear.
With the FFCH feature the false positives is below the requirement on erroneous frame indication in 3GPP TS 45.005.
In addition, since FFCH bursts are transmitted on a dedicated channel the receiver will not have to try and detect the burst in all TTIs but only when it polls the MSs with the shared USF which will therefore decrease the false positives over time even further compared to the PB proposal.

Ack/Nack bit map

3 bits have been defined to be used for a time based reporting for the PB burst. It is not clear what the 3 bits will be able to Ack/Nack (is it on RLC block level / radio block level / TTI level)? 

It should be noted that any Ack/Nack scheme that is not able to report errors at an RLC block level will result in overhead of radio resource usage on the DL (i.e. wasted bandwidth) since RLC data blocks that have already been received by the MS will unnecessarily be retransmitted.

The FFCH feature allows for using identical Ack/Nack procedures as for the PAN with an SSN based approach possible to Ack/Nack on RLC block level. Thus, functionalities already defined for the PAN can be re-used for the FFCH feature.

Radio resource usage

The PB burst will use available transmission opportunities in the multi frame structure in order not to waste uplink radio block based resources available for payload transmission.

The uplink overhead introduced by the FFCH feature (i.e. quantity of uplink bursts used to send FFCH messages) is scaleable as it will be under full control of the BSS i.e. it will be dependent on (a) the number of users (e.g. modulo 4) assigned the use of a shared USF on a given radio channel and (b) the frequency with which the network polls for FFCH bursts using that shared USF.

8 Summary of the FFCH Feature

The FCCH feature described herein is seen as having value added for the use cases described in Section 3 above, will be future proof regarding use cases by allowing the message carried by FCCH bursts to be variable (i.e. the FFCH feature is not VoIP centric), provides robust performance as described in Section 5 above and provides operational advantages as described in section 6 above.
Two different burst mappings of the FFCH has been investigated by interleaving the block over either 1 or 2 TDMA frames. The investigations indicate that, although the overhead is increased if the block is interleaved over 2 TDMA frames, the frequency diversity improvement aspect of 2 TDMA Frame interlaving makes it the preferable solution in terms of performance for the foreseen operative range (see Figure 8).
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