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1. Introduction
Latency is critical for services such as VoIP, PoC, and videophone. According to ITU G.114 [1], an intra-regional (e.g., within Africa, Europe, North America) VoIP call should experience a single direction latency on the order of 150 msec, and an inter-regional VoIP call should experience a single direction latency on the order of 200-300 msec. For a mobile to mobile VoIP call, existing EGPRS protocols with ARQ, accounting for one retransmission per air interface, have a latency per direction on the order of 420 msec [2]. Approximately 370 msec [2], or 88% of the latency, is taken in the two GERANs. This latency exceeds the 200-300 msec latency for an inter-regional VoIP call and is well beyond the 150 msec latency for an intra-regional VoIP call. Clearly reduction of the latency in the GERAN is necessary.

A high speed hybrid ARQ (HS-HARQ) mechanism for the reduction of EGPRS latency is introduced. Several factors affect EGPRS latency in an ARQ mechanism including BLER, TTI, USF interleaving, and rate of acknowledgement. The HS-HARQ mechanism increases the rate of acknowledgement by moving the ARQ mechanism from the PCU to the BTS and operating multiple Stop and Wait ARQ processes with synchronous acknowledgements. Terminating the ARQ protocol at the BTS would eliminate the backhaul delays between the BTS and the PCU from the ARQ loop. Operating the ARQ mechanism with synchronous acknowledgement would keep the acknowledgement delay constant and low. The synchronous nature of the acknowledgements would allow for a very small number of acknowledgement bits to be exchanged every block period. 

The basic delay to transmit, acknowledge, and retransmit a block would be 30, 50, or 60 msec in either uplink or downlink, depending upon the TTI and USF interleaving. By reformatting the EGPRS headers to use smaller BSNs and taking the remaining bits for piggybacked acknowledgements and other ARQ variables, the ARQ protocol overhead could be reduced to zero.

The HS-HARQ mechanism could support TBFs of two adjacent timeslots in either direction. Such TBFs in a multiple TBF environment should be sufficient for VoIP, PoC, and videophone services.
2. Comparison of EGPRS ARQ, Fast ARQ, Fast TTI, and HS-HARQ
Table 1 shows the round trip latency for a downlink block transmission, an acknowledgement, and a retransmission under the HS-HARQ scheme with TTI = 20 msec and USF interleaving = 20 msec. A node delay of 5 msec is assumed at the BTS. The latency is calculated from when the BSC/PCU has started sending the block to the mobile and ends when the mobile receives the retransmission. Table 2 shows the round trip latency for the HS-HARQ scheme with TTI = 10 msec and USF = 10 msec. Table 3 shows the round trip latency for the HS-HARQ scheme with TTI = 10 msec and USF = 20 msec.
	Direction
	BSC/PCU
	Abis
	BTS
	Um
	MS
	Sum (msec)

	BSC ->
	
	20
	<5
	20
	
	40-45

	<-MS
	
	
	
	20
	
	20

	BTS->
	
	
	
	20
	
	20

	Sum  (msec)
	
	20
	<5
	60
	
	80-85


Table 1 – HS-HARQ latency analysis, TTI = 20 msec (time to send transmission, acknowledgement, and retransmission)
	Direction
	BSC/PCU
	Abis
	BTS
	Um
	MS
	Sum (msec)

	BSC ->
	
	10
	<5
	10
	
	20-25

	<-MS
	
	
	
	10
	
	10

	BTS->
	
	
	
	10
	
	10

	Sum  (msec)
	
	10
	<5
	30
	
	40-45


Table 2 – HS-HARQ latency analysis, TTI = 10 msec and USF = 10 msec (time to send transmission, acknowledgement, and retransmission)

	Direction
	BSC/PCU
	Abis
	BTS
	Um
	MS
	Sum (msec)

	BSC ->
	
	10
	<5
	10
	10
	30-35

	<-MS
	
	
	10
	10
	
	20

	BTS->
	
	
	
	10
	
	10

	Sum  (msec)
	
	10
	10-15
	30
	10
	60-65


Table 3 – HS-HARQ latency analysis, TTI = 10 msec and USF = 20 msec (time to send transmission, acknowledgement, and retransmission)

Table 4 compares the transmit, acknowledge, retransmit latency and the VoIP single direction latency of several schemes. With the EGPRS ARQ, it is assumed that a poll is done every 60 msec, which leads to some blocks having higher latency than others.
	Scheme
	Tx-Ack-ReTX Latency (msec)
	VoIP Single Direction Latency (msec)

	EGPRS ARQ
	220-245
	540

	FAST ARQ
	140-165
	380

	TTI = 10 msec
	70-95
	240

	HS-HARQ, TTI = 20 msec
	80-85
	220

	HS-HARQ, TTI =10 msec, USF = 20 msec
	60-65
	180

	HS-HARQ, TTI = 10 msec, USF = 10 msec
	40-45
	140


Table 4 – Latency comparison

3. HS-HARQ Proposal
Figure 1 shows the network protocol architecture of the current EGPRS MAC and RLC protocols. The MAC and RLC protocols are both terminated at the PCU. Typically the PCU is located remote from the BTS at the BSC location or elsewhere. The MAC and RLC functions could be split into control plane and data plane function. Figure 2 shows the protocol stack of the legacy PCU, with the control plane and data plane functions shown separated.
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Figure 1 – Legacy Network Architecture
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Figure 2 – Legacy Network PCU and BTS protocol stacks
The Control plane MAC functions could be:
· System Information Distribution

· Paging Procedures

· Establishment of TBF

· Cell Change Order Procedures

· Measurement Order Procedures

· Packet Pause Procedures

· MBMS packet access and establishment procedures

· PACCH operation

· Resource Reallocation for Uplink

· Establishment of Downlink TBF

· Uplink PDCH allocation

· Neighbor cell power measurements

· Network initiated release of uplink TBF

· Change of RLC mode

· Establishment of Uplink TBF

· Network initiated abnormal release of downlink TBF

· Packet PDCH release

· Procedure for measurement report sending in Packet Transfer mode

· Network controlled reselection procedure

· Measurement Order procedures in Packet Transfer mode

· Packet Control Acknowledgement

· NACC procedures

· RR connection establishment in packet transfer mode

Data plane MAC functions could be:
· Uplink Transfer of RLC data blocks

· Shifted USF operation

· Radio link failure procedure

· Downlink RLC data block transfer

· Polling for Packet Downlink Ack/Nack

· RLC data block transfer during an MBMS radio bearer

The Control plane RLC functions could be:
· Operation during RLC/MAC control message transfer

The Data plane RLC functions could be:
· Procedure for peer-to-peer operation

· Countdown procedure

· Delayed release of downlink TBF

· Extended uplink TBF mode

· Operation of uplink TBF

· Release uplink TBF

· Operation of downlink TBF

· Release of downlink TBF

· Non-persistent mode operation

· Uplink TBF release in extended uplink TBF mode

Figure 3 shows the network protocol architecture of the HS-HARQ mechanism. The Control plane MAC and RLC protocols could both be terminated at the PCU. The Data plane MAC could be moved to the BTS. The HS-HARQ ARQ protocol could also be terminated at the BTS. The legacy Data plane MAC and RLC could remain at the PCU to service legacy mobiles. Figure 4 shows the HS-HARQ protocol stack for the PCU and BTS. Control plane blocks are transferred in the left most arrow (black). HS-HARQ data is transferred in the second arrow to the left (red). Legacy GPRS and EGPRS data blocks on a HS-HARQ carrier are transferred in the second arrow from the right (blue). Legacy GPRS and EGPRS data blocks on a non-HS-HARQ carrier are transferred in the arrow on the right (green).
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Figure 3 – HS-HARQ Network Architecture
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Figure 4 – HS-HARQ PCU and BTS Protocol stacks
The advantage of terminating the ARQ at the BTS is elimination of the backhaul delay between the BTS and PCU within the ARQ loop.
New functions which are supported in the BTS are:

· The HS-HARQ RLC protocol

· Data plane MAC, including block scheduling for timeslots managed by the HS-HARQ mechanism

· Control block expeditor

· Downlink data queuing
· Radio link management

· Polling management for HS-HARQ and legacy phones on timeslots managed by the HS-HARQ mechanism

A data queuer could be added to the PCU to enqueue HS-HARQ data to the HS-HARQ RLC in the BTS.

The HS-HARQ mechanism in the BTS could operate between the BTS and the mobile, exchanging HS-HARQ RLC data blocks and acknowledgements as rapidly as allowed by the air interface. The HS-HARQ RLC data block could be an EGPRS RLC data block with the header contents rearranged to support piggybacked acknowledgements. 
During downlink TBFs acknowledgements could be piggybacked in uplink blocks from the mobile. During uplink TBFs acknowledgements could be piggybacked on downlink blocks granting uplink access to the mobile. Piggybacked acknowledgements via data blocks destined to legacy mobiles could be performed via dual interpretation of the RRBP field. 
RLC/MAC control blocks arriving at the BTS from the PCU could be inserted into the downlink block flow with predictable delay by a Control block expeditor. Acknowledgement bits could be inserted into the RLC/MAC control blocks by the BTS via FIRE code bit stealing or dual interpretation of the RRBP field. USF bits could be inserted into the RLC/MAC control blocks by the BTS. Uplink RLC/MAC control blocks could also carry acknowledgement data via FIRE code bit stealing. When piggybacking is not possible, acknowledgements could be supported via the High Redundancy Acknowledgement Message (HRAM) blocks. The HRAM block carries 3 bits of information in a long code word and is transmitted at low power. Up to 3 HRAM blocks and one uplink RLC/MAC block could all be transmitted in the same uplink timeslot simultaneously. A single HRAM block could be sent in a downlink timeslot.
The block scheduler at the BTS could schedule some or all of the timeslots on an EGPRS carrier, depending upon resource allocation. Radio link management and polling management for HS-HARQ and legacy TBFs on HS-HARQ timeslots could be managed by the BTS. 
Legacy EGPRS and GPRS mobile operation on HS-HARQ timeslots could be supported via the block scheduler, radio link management, and poll management functions at the BTS. Legacy EGPRS and GPRS mobiles could be supported by the RLC functions at the PCU. 
Figure 5 shows an example of an HS-HARQ protocol exchange. In the first block period, the red HS-HARQ mobile receives two downlink HS-HARQ RLC data blocks on timeslots 3 and 4. The red mobile is granted access to transmit in the following block period via the USFs. In the second block period the red mobile receives two more HS-HARQ RLC data blocks on the downlink. The blue mobile is granted access to transmit in the following block period via the USFs. The red mobile transmits two HS-HARQ RLC data blocks on the uplink, piggybacking acknowledgements of the two HS-HARQ RLC data blocks received in the first block period in the headers of these blocks. In the third block period, the blue mobile transmits two RLC data blocks on the uplink. The red mobile must transmit its time synchronous acknowledgment in the third block period but it is not granted uplink access. Therefore the red mobile transmits two HRAMs in timeslots 3 and 4 in parallel with the blue mobile’s uplink RLC data blocks, but at much lower power than the blue mobile’s transmission. The BTS receives both the blue mobile’s uplink RLC data blocks and the red mobile’s uplink HRAM blocks.
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Figure 5 – HS-HARQ Example

4. Multiple TBF Operation

Multiple TBF operation would allow the simultaneous support of low latency services via the HS-HARQ protocol and wider bandwidth services using legacy GPRS and EGPRS protocols.

5. Channel Structures

The HS-HARQ could support operation on two adjacent timeslots per TBF. In particular, any pair of uplink and downlink TBFs from the same mobile could be supported by the following timeslot configurations:

· 1 up + 1 down

· 1 up + 2 down

· 2 up + 1 down

· 2 up + 2 down

Timeslots in the same direction must be adjacent and timeslots in the opposite directions must have the same timeslot number(s).

Two timeslots should be sufficient for conversational services such as VoIP, PoC, and videophone in a multiple TBF environment.

HS-HARQ could transfer data using HS-HARQ RLC data blocks, which have identical coding to EGPRS RLC data blocks (MSC1-MCS9) with modified header contents.

5.1. TTI = 10 msec operation

For TTI = 10 msec operation, two modes of operation could be possible:

· TTI = 10 msec and USF = 10 msec mode
· TTI = 10 msec and USF = 20 msec mode
The TTI = 10 and USF = 20 msec mode provides greater interoperability with legacy mobiles than does TTI = 10 msec and USF = 10 msec but with greater latency.

5.1.1. TTI and USF = 10 msec mode
For TTI = 10 msec and USF = 10 msec mode, operation on two adjacent timeslots could be supported. These two adjacent timeslots could each carry two bursts per 10 msec interval, the pair of timeslots carrying a total of four bursts in each 10 msec interval. The USF flags are mapped on these four bursts within the 10 msec TTI. From a protocol viewpoint, the pair of adjacent timeslots could be viewed as single “fat” timeslot.

5.1.2. TTI = 10 msec and USF = 20 msec mode
For TTI = 10 msec and USF = 20 msec mode, operation could occur on pairs of adjacent timeslots. These pairs of adjacent timeslots could be viewed as “fat” timeslots. The following combinations of timeslots could be supported:

· 2 up + 2 down

· 2 up + 4 down

· 4 down + 2 up

Timeslots in the same direction must be adjacent and timeslots in the opposite directions must have the same timeslot numbers.

5.2. Downlink TBF

When operating a downlink TBF the channel structure of the HS-HARQ mechanism could depend upon an associated time synchronous acknowledgement channel being present at all times. This time synchronous acknowledgement channel could be transmitted in any of the following block types depending upon what is currently being transferred in the uplink (i.e., direction of the acknowledgement):
· Piggybacking on HS-HARQ RLC data blocks

· Piggybacking on RLC/MAC control blocks

· Piggybacking on Packet Control Acknowledgement blocks

· Transmission of High Redundancy Acknowledgement Message (HRAM) blocks (non-piggybacking)
The acknowledgements for a two timeslot downlink TBF could be sent on a single timeslot in the uplink. 
For a downlink TBF the timing between a transmission and its acknowledgement over the air interface could be fixed. Such downlink TBF timing is shown in Figure 6. For the downlink TBF the acknowledgement would always occur in the block period following the transmission. A retransmission of the original block may occur in the following block period, allowing for a 60 msec transmission, acknowledgement, retransmission cycle.
The downlink TBF timing for TTI = 10 msec and USF = 10 msec mode is shown in Figure 7. The transmit, acknowledgement, retransmission cycle is 30 msec. The downlink TBF timing for TTI = 10 msec and USF = 20 msec mode is shown in Figure 8. The transmit, acknowledgement, retransmission cycle is 50 msec.
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Figure 6 – Downlink HS-HARQ ARQ timing, TTI = 20 msec
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Figure 7 – Downlink HS-HARQ ARQ timing, TTI = 10 msec, USF = 10 msec
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Figure 8 – Downlink HS-HARQ ARQ timing, TTI = 10 msec, USF = 20 msec

5.2.1. Piggybacking on uplink HS-HARQ RLC data blocks

For a downlink HS-HARQ TBF with piggybacking, there would also exist an uplink HS-HARQ TBF for the same mobile. If the mobile is given an uplink transmit opportunity via the USF bits when it needs to transmit acknowledgement data for the downlink TBF, the acknowledgement data could be piggybacked into the header of the uplink HS-HARQ RLC data block. If multiple uplink HS-HARQ RLC data blocks are transmitted in a single block period, the acknowledgement data could be inserted into each of the uplink HS-HARQ RLC blocks to provide redundancy.

Two acknowledgement bits could be provided in each HS-HARQ RLC data block to acknowledge any 2 timeslot configuration. The two acknowledgement bits would correspond to the mobile’s downlink timeslot allocation.

5.2.2. Piggybacking on uplink RLC/MAC control blocks

Two acknowledgement bits could be provided in each uplink RLC/MAC control block to acknowledge any 2 timeslot configuration. The two acknowledgement bits would correspond to the mobile’s downlink timeslot allocation.

RLC control blocks are encoded as CS1. Two adjacent bits in the 224 bit FIRE code block could be stolen for the acknowledgement bits. The acknowledgement bits could be encoded as zero for an ack. The stolen bits could be XORed into the original data field. 
When the BTS decodes an RLC/MAC control block, convolutional decoding would take place normally. The decoding of the FIRE code would be modified to account for the XORed Ack/Nack bits. This could be achieved by recognising there are four valid remainder sequences, each corresponding to a specific Ack/Nack, instead of the one valid remainder sequence in the current FIRE code block.
5.2.3. Piggybacking on Packet Control Acknowledgement

The Packet Control Acknowledgement could carry two bits of acknowledgement data. The two acknowledgement bits could be appended to the contents of the Packet Control Acknowledgement message normal burst format. A HS-HARQ TBF would only support the normal burst format of the Packet Control Acknowledgement.

5.2.4. Uplink High Redundancy Acknowledgement Message (HRAM) block (non-piggybacking)

When operating a downlink TBF, if the mobile receives HS-HARQ RLC data blocks in the downlink and does not receive a USF assignment or polling assignment in the next uplink block period, the mobile could transmit a HRAM block in the uplink in all of its assigned uplink timeslots. The HRAM would carry two bits of acknowledgement information in the uplink. The HRAM block could be transmitted in the same uplink timeslot as an uplink RLC/MAC block transmitted by another mobile. A maximum of 3 HRAM blocks and one RLC/MAC block could be transmitted in the same uplink timeslot by 4 different mobiles. The HRAM block would be transmitted at a significantly lower power than the normal bursts. Due to its redundancy, the HRAM block is designed to cause a minimal amount of additional interference experienced by the normal bursts of the other mobile.
The HRAM block would be 4 bursts, each burst similar in length and timing to a normal burst as shown in Figure 9. Figure 10 shows the 4 HRAM bursts that would comprise an HRAM block.
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Figure 9 – HRAM burst structure
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Figure 10 – HRAM block structure

Figure 11 shows the timeslots associated with the acknowledgments that would be contained within an uplink HRAM. An uplink HRAM would be received on an uplink timeslot. The HRAM received on the uplink timeslot would contain acknowledgements associated with up to 3 timeslots, the ack timeslot on which the HRAM was received, and the two adjacent timeslots with lower and higher timeslot numbers. These are labelled Low, Ack, and High in Figure 11. 
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Figure 11 – Uplink HRAM timeslot configuration

Five possible acknowledgements could be sent by mobiles capable of receiving on at most two timeslots. These are:
· Low
· Ack
· High
· Low & Ack
· Ack & High
Five 592 bit vector sequences could be defined, each associated with one possible acknowledgement. One of 8 cell specific vectors of length 148 bits could be XORed with each burst of the acknowledgement vector creating 4 HRAM bursts.
At most three HRAM blocks could be transmitted in a single uplink timeslot by three separate mobiles. This configuration is shown is the left side of Figure 12. If one mobile received two downlink blocks in a block period and a second mobile received a single downlink block, at most two HRAM blocks could be transmitted in a single uplink timeslot. The two possible configurations are shown in the middle and right side of Figure 12.

The BTS has knowledge about which HRAM vectors it expects to receive based upon what HS-HARQ RLC data blocks it transmitted in the downlink. In the worst case it expects 3 single acknowledgements (Low, Ack, High), shown in the left side of Figure 12, or it expects two acknowledgements where one of the vectors is known (e.g., Low) and the other vector is one of three possible vectors (e.g., Ack, High, Ack & High), shown in the right side of the Figure 12.
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Figure 12 – Possible HRAM mobile configurations

5.3. Uplink TBF

When operating an uplink TBF the channel structure of the HS-HARQ mechanism would depend upon an associated time synchronous acknowledgement channel being present at all times. This time synchronous acknowledgement channel could be transmitted in any of the following block types depending upon what is currently being transferred in the downlink (i.e., direction of the acknowledgement):

· Piggybacking on HS-HARQ RLC data blocks

· Piggybacking on legacy EGPRS RLC data blocks

· Piggybacking on legacy GPRS RLC data blocks

· Piggybacking on RLC/MAC control blocks

· Transmission of High Redundancy Acknowledgement Message (HRAM) blocks (non-piggybacking)

For an uplink TBF the timing between a transmission and its acknowledgement over the air interface would be fixed. Such uplink TBF timing is shown in Figure 13. For the uplink TBF the acknowledgement would always occur in the block period following the transmission. A retransmission of the original block could occur in the following block period, allowing for a 60 msec transmission, acknowledgement, retransmission cycle. 

The uplink TBF timing for TTI = 10 msec and USF = 10 msec mode is shown in Figure 14. The transmit, acknowledgement, retransmission cycle is 30 msec. The uplink TBF timing for TTI = 10 msec and USF = 20 msec mode is shown in Figure 15. The transmit, acknowledgement, retransmission cycle is 50 msec.
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Figure 13 – Uplink HS-HARQ ARQ timing, TTI = 20 msec
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Figure 14 – Uplink HS-HARQ ARQ timing, TTI = 10 msec, USF = 10 msec
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Figure 15 – Uplink HS-HARQ ARQ timing, TTI = 10 msec, USF = 20 msec
5.3.1. Piggybacking on downlink for uplink TBF
For an uplink HS-HARQ TBF with piggybacking, there would exist at least one TBF to any arbitrary mobile on a timeslot assigned to the uplink HS-HARQ TBF. The HS-HARQ RLC data blocks, legacy RLC data blocks, and/or RLC/MAC control blocks of the downlink TBF(s) on the downlink timeslot(s) could be used to piggyback the HS-HARQ acknowledgement data to the HS-HARQ mobile transmitting on the uplink. If no piggybacking is possible, a downlink HRAM block could be used to carry the acknowledgement.
5.3.2. Piggybacking on downlink HS-HARQ RLC data blocks

When piggybacking on HS-HARQ RLC data blocks there are three ack bits. These ack bits correspond to the ack timeslot and its two adjacent timeslots. 
5.3.3. Piggybacking on downlink Legacy RLC data blocks or RLC/MAC control blocks to Legacy mobiles
When piggyback on legacy EGPRS RLC data blocks, the RRBP field could be used to convey the acknowledgement data in the following manner:

· If ES/P = 0, the RRBP would contain two acknowledgement bits. The first ack bit would correspond to the lowest numbered timeslot of the two timeslots adjacent to the timeslot on which the ack arrived. The second ack bit would correspond to the AND of the acknowledgement from the ack timeslot and the acknowledgement from the highest numbered timeslot of the two timeslots adjacent to the ack timeslot. 
· If ES/P  >  0, RRBP = 0 would indicate a combined ack and RRBP > 0 would indicate a combined nack. A combined ack is an ack of all three uplink blocks in the corresponding uplink block period. A combined nack is a nack of all three uplink blocks in the corresponding uplink block period.

This use of the RRBP field when ES/P > 0 would result in a 20 msec increase in the polling latency for the legacy mobile being polled whenever a nack is transmitted. This could impose a minor scheduling constraint on the scheduling of polls for legacy mobiles.
When piggybacking on legacy GPRS RLC data blocks the behaviour would be the same regarding the RRBP field, however the behaviour would be controlled by the S/P field instead of the ES/P field.

When piggybacking on RLC/MAC control blocks addressed to legacy mobile, or broadcast to all mobiles, the behaviour would be the same as for the GPRS RLC data blocks.

5.3.4. Piggybacking on downlink RLC/MAC control blocks to HS-HARQ mobiles
The piggybacking of acknowledgement data on the downlink RLC/MAC control blocks addressed to HS-HARQ mobiles would use the same FIRE code bit stealing technique as for the uplink RLC/MAC control blocks (see section 5.2.2) except 3 bits would be stolen instead of 2. These 3 bits would correspond to the timeslot on which the ack was received and its two adjacent timeslots.
For an HS-HARQ mobile decoding the RLC/MAC control block this would result in 8 valid remainder sequences. 
5.3.5. Downlink HRAM block

The downlink HRAM block could be structured the same as the uplink HRAM block defined in section 5.2.4. HRAM block transmission in the downlink would convey acknowledgement about the ack timeslot and the two timeslots adjacent to it. Seven possible HRAM vectors would be possible, representing the seven possible positive acknowledgement combinations:
	Low TS
	Ack TS
	High TS

	Nack
	Nack
	Ack

	Nack
	Ack
	Nack

	Nack
	Ack
	Ack

	Ack
	Nack
	Nack

	Ack
	Nack
	Ack

	Ack
	Ack
	Nack

	Ack
	Ack
	Ack


Table 5 – Downlink HRAM vectors

The mobile would expect any of the 7 HRAM vectors, unless the Low or High timeslot does not exist.
5.4. Multiplexing with legacy mobiles

HS-HARQ TBFs could be multiplexed with legacy EGPRS or GPRS TBFs on any timeslot on which the block scheduler exists at the BTS. 
The BTS and PCU would together be responsible for setting the downlink coding scheme and downlink power level of all RLC/MAC blocks such that each mobile that needs to decode part or all of the downlink block is able to decode the part of the downlink block it needs. The PCU would be informed via polled EGPRS Packet Downlink Ack/Nack messages and Abis signalling from the BTS about the downlink link quality of HS-HARQ mobiles and downlink TX power level, downlink coding, and timing advance of HS-HARQ TBFs so that it can set the downlink power level and coding scheme of GPRS TBFs such that the HS-HARQ mobiles can decode the RRBP bits in the downlink GPRS RLC data blocks. 
6. Frame Structures

6.1. New Field definitions

6.1.1. Acknowledgement bits (Ack1, Ack2, Ack3)

In uplink headers two ack bits could be received as a group on each timeslot. They would correspond to the two timeslot allocation of the TBF being acknowledged.

In downlink headers three ack bits could be received as a group on each timeslot. They would correspond to the timeslot on which the ack was received and its two adjacent timeslots.

6.1.2. Block Sequence Number (BSN1, BSN2)

The block sequence number would be used to number each RLC data block across the air interface. The block sequence number would be 5 bits and range from 0 to 31. The block sequence number would used by the receiver to reorder the received blocks.

6.1.3. New Data bit (ND1, ND2)

The New Data bit would be set to zero for the first data block transmitted in a TBF and would be toggled for each new data block transmitted thereafter. 

6.1.4. Process Identifier (Proc)

Process Identifier would identify which Stop and Wait process sent the RLC data block(s).

6.2. Downlink header definitions 

6.2.1. Header type 1: header for MCS-7, MCS-8 and MCS-9

The legacy EGPRS and HS-HARQ  downlink RLC/MAC headers for MCS‑7, MCS‑8 and MCS‑9 (header type 1) could be formatted according to Figure 16.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	BSN1
	4

	CPS
	BSN2
	5


	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	Proc
	Ack3
	Ack2
	Ack1
	ND1
	BSN1
	3

	spare
	ND2
	BSN2
	Proc
	4

	CPS
	spare
	5


Figure 16: EGPRS downlink RLC data block header
for MCS-7, MCS-8 and MCS-9.

6.2.2. Header type 2: header for MCS-6 and MCS-5 

The legacy EGPRS and HS-HARQ downlink RLC/MAC headers for MCS‑5 and MCS‑6 (header type 2) could be formatted according to Figure 17.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	
	CPS
	BSN1
	4


	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	Proc
	Ack3
	Ack2
	Ack1
	ND1
	BSN1
	3

	
	CPS
	Proc
	4


Figure 17: EGPRS downlink RLC data block header
for MCS-5 and MCS-6.

6.2.3. Header type 3: header for MCS-4, MCS-3, MCS-2 and MCS-1 case

The legacy EGPRS and HS-HARQ downlink RLC/MAC headers for MCS‑1, MCS‑2, MCS‑3 and MCS‑4 (header type 3) could be formatted according to Figure 18.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	
	SPB
	CPS
	BSN1
	4


	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	Proc
	Ack3
	Ack2
	Ack1
	ND1
	BSN1
	3

	
	SPB
	CPS
	Proc
	4


Figure 18: EGPRS downlink RLC data block header
for MCS-1, MCS-2, MCS-3 and MCS-4.

6.3. Uplink header definitions

6.3.1. Header type 1: header for MCS-7, MCS-8 and MCS-9

The legacy EGPRS and HS-HARQ uplink RLC/MAC headers for MCS‑7, MCS‑8 and MCS‑9 (header type 1) could be formatted according to Figure 19.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	Spare
	PI
	RSB
	CPS
	5

	
	
	Spare
	6


	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	Spare
	Proc
	Ack2
	Ack1
	ND1
	3

	Spare
	ND2
	BSN2
	4

	Spare
	PI
	RSB
	CPS
	5

	
	
	Spare
	6


Figure 19: EGPRS uplink RLC data block header
for MCS-7, MCS-8 and MCS-9.

6.3.2. Header type 2: header for MCS-6 and MCS-5 

The legacy EGPRS and HS-HARQ uplink RLC/MAC headers for MCS‑5 and MCS‑6 (header type 2) could be formatted according to Figure 20.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	CPS
	BSN1
	3

	Spare
	PI
	RSB
	CPS
	4

	
	Spare
	5


	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	CPS
	Spare
	Proc
	Ack2
	Ack1
	ND1
	3

	Spare
	PI
	RSB
	CPS
	4

	
	Spare
	5


Figure 20: EGPRS uplink RLC data block header
for MCS-5 and MCS-6

6.3.3. Header type 3 : header for MCS-4, MCS-3, MCS-2 and MCS-1 

The legacy EGPRS and HS-HARQ uplink RLC/MAC headers for MCS‑1, MCS‑2, MCS‑3 and MCS‑4 (header type 3) could be formatted according to Figure 21.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	CPS
	BSN1
	3

	
	Spare
	PI
	RSB
	SPB
	CPS
	4


	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	CPS
	Spare
	Proc
	Ack2
	Ack1
	ND1
	3

	
	Spare
	PI
	RSB
	SPB
	CPS
	4


Figure 21: EGPRS uplink RLC data block header
for MCS-1, MCS-2, MCS-3 and MCS-4.

7. Operation

7.1. Stop and Wait ARQ
In order to limit latency for conversational services, the HS-HARQ mechanism could allow the number of retransmissions for each block to be limited. This limit could be negotiated or implied as part of the QoS negotiation and communicated from BSS to mobile during TBF establishment.

The HS-HARQ mechanism could utilize multiple stop and wait ARQ processes. Each process would perform a simple stop and wait ARQ protocol to transfer one to four blocks across the air interface at a time. Multiple processes could operate in parallel to fill the pipeline formed by the transmit-ack-retransmit cycle of the air interface. This structure requires less hybrid ARQ soft decision memory and fewer block sequence numbers than a traditional selective repeat hybrid ARQ mechanism.

At the transmitter, blocks would be fed into an array of 4 stop and wait ARQ processes. These processes would transfer blocks to the receiver using a simple stop and wait ARQ protocol, applying the per-block retransmission limit at each process. The receiver could use the block sequence numbers to reorder the blocks from the various ARQ processes. At the receiver the New Data bit could indicate that the transmit process has moved on to a new block and facilitate detection of missed data blocks.
7.2. Link Management at the BTS

For mobiles operating under the HS-HARQ protocol at the BTS, the BTS could perform link management. Link management could consist of:

· Power control

· Coding scheme selection

· Puncturing scheme selection

7.3. Poll Management at the BTS

For mobiles scheduled by the HS-HARQ capable timeslots at the BTS, the BTS could perform poll management. Poll management could consist of scheduling polls for:

· ARQ

· Link Management

7.4. Assignment between carriers

Two modes of assignment between carriers could be supported. The mode could be signalled to the mobile in the assignment message that initiates the carrier change. The appropriate mode could be chosen by the network based upon the network implementation and the requirements of the services being carried by the TBFs.

In mode 1, on assignment between carriers of a HS-HARQ TBF, the ARQ mechanism would be reset. All sequence variables would be reset to zero and transmission, ack, retransmission would start fresh on the new carrier. Any unacknowledged downlink blocks on the old carrier would be potentially lost, depending upon the BTS implementation. In the mobile LLC PDU recovery would be interrupted and at least one LLC PDU would be typically lost. On the uplink blocks may be potentially repeated with different sequence numbers.
The potential loss of data during carrier change would not necessarily be a severe issue for low latency conversational services such as VoIP, PoC, and videophone. Typically a gap of approximately 200 msec is introduced by an EGPRS carrier change. With a limited number of retransmissions allowed for low latency services, any data lost due to the carrier change would likely have been discarded due to the carrier change gap. 
In mode 2, on assignment between carriers of a HS-HARQ TBF, the ARQ mechanism could continue to operate on the new carrier using the same ARQ variables as on the old carrier. It would be incumbent upon the BTS to move the appropriate ARQ variables and any queued data between RLC entities at the BTS when such a carrier change occurs.

8. Abis Modifications

Flow control could be required for data flow in the downlink direction for HS-HARQ data due to high block error rates over the air interface causing the air interface to run more slowly than the Abis interface.

The BTS could be required to signal over the Abis to the PCU about the timing advance, downlink coding scheme, and downlink power level of HS-HARQ TBFs.
9. Conclusion
A high speed hybrid ARQ (HS-HARQ) mechanism has been introduced that significantly reduces the latency of the GERAN for services such as VoIP, PoC, and videophone. HS-HARQ reduces the latency by moving the ARQ mechanism from the PCU to the BTS and operating multiple Stop and Wait ARQ processes with synchronous acknowledgement. By reformatting the EGPRS headers to use smaller BSNs and taking the remaining bits for piggybacked acknowledgements and other ARQ variables, the ARQ protocol overhead can be reduced to zero. 

The HS-HARQ protocol enables a single direction VoIP call latency on the order of 220 msec, well within the 200-300 msec for inter-regional VoIP calls recommended by ITU G.114 [1]. The HS-HARQ protocol in TTI = 10 msec and USF = 10 msec mode enables a single direction VoIP call latency on the order of 140 msec, within the 150 msec for intra-regional VoIP calls recommended by ITU G.114 [1]. 
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