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Reduced TTI approach for PS Conversation Services
1. Introduction
A solution to support PS Conversational Services in GERAN was already investigated a few years ago. Such a solution was based on the introduction of dedicated channels and FLO. But none of these two features is part of the standard for GERAN A/Gb mode yet.

The benefit of an alternative solution would be linked to the possibility to exploit the nature of PS traffic, allowing multiplexing of several sessions onto the same resources.

This can only be achieved by making use of shared channels. In this case some solutions are needed to meet the performance requirements (e.g. for VoIP), in terms of quality (i.e. packet loss) and E2E delay.
A possible approach is based on the TTI (Transmit Time Interval) reduction. A reduced TTI (say of 10 ms, instead of 20) would reduce the RLC RTT, thus allowing the possibility to perform retransmissions (so to decrease the packet loss) fast enough to maintain the E2E delay requirement.
2. Reduced TTI blocks
 

Radio blocks with a Transmission Time Interval of 10 ms have already been proposed in GERAN.

This can be achieved by transmitting 4 bursts in parallel onto 2 different timeslots, as already suggested by many contributions on GERAN evolution and already included in the Feasibility Study.

The basic advantage of this approach (i.e. of the 4-burst option) is that legacy MCSs could be probably maintained, although changes would anyway be needed to the header and the interleaving scheme. Note that the assumption here is that the header would be distributed across the 2 timeslots in this case.

But for low bandwidth applications such as VoIP also the possibility to define 2-burst radio blocks (i.e. radio blocks with a TTI of 10 ms transmitted on a single timeslot) should be investigated, as already done in [1]. 
These radio blocks could be used in case of higher quality over the radio interface. In this case, assuming that such radio blocks could transport an IP packet (containing an AMR frame) every 20 ms, we could achieve a timeslot utilization of 50%, also in case of continuous voice transmission (i.e. without considering any form of DTX). The spare bandwidth could be used by other TBFs, not necessarily carrying Conversational Services.

One of the problems to be solved is anyway the coexistence of normal GPRS and EGPRS TBFs with the new RTTI-based TBFs under discussion. In the following some possible solutions are presented (since this is also a WG1 issue, these proposals will be represented at GERAN#29).
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Figure: Conventional and RTTI radio blocks

3. Interworking with legacy TBFs/blocks

The Stealing Flags problem
For RTTI blocks transmitted with GMSK there is the need to specify how the MS could distinguish them from GPRS Coding Schemes (CS1-4) and EGPRS ones (MCS1-4), and in particular how the MS could distinguish between the 2-burst or 4-burst format of RTTI blocks.

The solution could reuse the same approach adopted when EGPRS was introduced: for MCS1-4 all the "legacy" stealing flags are set to indicate CS4, while four extra stealing flags (i.e. 1 per burst) are set to ‘0,0,0,0’ to identify MCS1-4 (see definition of q(8),q(9),…,q(11) in sub-clause 5.1.5.1.5 of TS 45.003). Anyway, a mobile station in EGPRS TBF mode will always assume that MCS1-4 are used if “legacy” stealing flags indicating CS4 are detected
.
Starting from the 2 following considerations:

1. legacy MSs assume that transmission of radio blocks is synchronized on a 20 ms TTI basis. This means that the basic “time unit” should remain 20 ms. If an RTTI block is transmitted in the first 10 ms of a 20 ms time unit, then another RTTI block must follow (and not a normal radio block, since it would break the synchronization rule)
2. Two RTTI blocks transmitted in the same time unit of 20 ms have to use the same modulation (this is needed at least to allow legacy MSs to perform USF decoding)
We can assume that, if 2 consecutive RTTI blocks are sent in the same 20 ms time unit using GMSK all the "legacy" stealing flags have to be set to indicate CS4. 

In addition, the four extra stealing flags (i.e. q(8),q(9),…,q(11)) could be set to ‘1,1,1,1’ to indicate that 2 GMSK RTTI blocks are sent
, instead of a normal EGPRS block. 

Furthermore, an RTTI-capable MS could read 2 additional “RTTI-type” stealing flags (in the 10 ms time unit, i.e. 1 per burst) to discriminate between “4-burst RTTI blocks” and “2-burst RTTI blocks”.

· An RTTI-capable MS would then identify a block as a “GMSK 2-burst RTTI block” (after 10 ms, as required) by detecting:

· (part of) the “legacy” stealing flags set to indicate CS4:

· For the first RTTI block in the 20 ms time unit, the MS would have to discriminate between ‘0,0,0,1’ (first 4 stealing flags to indicate CS4) and the other initial 4-bit configurations to indicate CS1/CS2/CS3.

· For the second RTTI block in the 20 ms time unit, the MS could use all the stealing flags in the 20 ms time unit, i.e. it could discriminate between ‘0,0,0,1,0,1,1,0’ (stealing flags to indicate CS4) and the other stealing flags settings indicating CS1/CS2/CS3.
· plus 4 stealing flags set to 1: 2 extra stealing flags (those that can be read in the 10 ms time unit), plus the 2 additional “RTTI-type” stealing flags.

· Similarly, an RTTI-capable MS would identify a block as a “GMSK 4-burst RTTI block” (after 10 ms, as required) by detecting:

· (part of) the “legacy” stealing flags set to indicate CS4 (as described above),
· plus 4 stealing flags set to 1: 2 extra stealing flags (those that can be read in the 10 ms time unit) on a given timeslot and also the corresponding 2 extra stealing flags on the subsequently allocated timeslot, 

· plus 4 stealing flags set to 0: the 2 additional “RTTI-type” stealing flags on a given timeslot and also the corresponding additional “RTTI-type” stealing flags on the subsequently allocated timeslot.

· In any case an RTTI-capable MS would be able to read a CS1-coded block (after 20 ms) by detecting the “legacy” stealing flags set to indicate CS1. This is needed to allow a mobile station to read distribution messages (CS1 coded).

The behaviour of a mobile station depending on the setting of legacy, extra and newly introduced “RTTI-type” stealing flags is summarized below, according to the specific TBF mode.
	Type of block transmitted
	Stealing flag settings
	GPRS TBF
	EGPRS TBF
	RTTI TBF

	CS1 block
	· Stealing flags set to CS1
	CS1 decoding
	CS1 decoding
	CS1 decoding

	MCS1-4 block
	· Stealing flags set to CS4

· Extra stealing flags set to ‘0,0,0,0’
	CS4 decoding

[decoding will fail]
	MCS1-4 decoding
	MCS1-4 decoding


	“GMSK 2-burst RTTI“ block
	· Stealing flags set to CS4

· 2 extra stealing flags set to ‘1,1’

· 2 additional “RTTI-type” stealing flags set to ‘1,1’
	CS4 decoding

[decoding will fail]
	MCS1-4 decoding??

[if performed, decoding will fail]
	“GMSK 2-burst RTTI block” decoding 

(after 10 ms)

	“GMSK 4-burst RTTI“ block
	· Stealing flags set to CS4

· 2 extra stealing flags set to ‘1,1’ on a given timeslot and also on the subsequently allocated one

· 2 additional “RTTI-type” stealing flags set to ‘0,0’ on a given timeslot and also on the subsequently allocated one
	CS4 decoding

[decoding will fail]
	MCS1-4 decoding??

[if performed, decoding will fail]
	“GMSK 4-burst RTTI block” decoding

(after 10 ms)


However, the four extra stealing flags are not present for MCS5-9. Hence, we can define a whole set of 8 RTTI-type stealing flags for 8-PSK RTTI blocks. We can assume that when 8-PSK RTTI blocks are sent, the normal stealing flags are set to one of the currently defined values – i.e. ‘0,0,0,0,0,0,0,0’ (indicating MCS5 and 6) or ‘1,1,1,0,0,1,1,1’ (indicating MCS7, 8 and 9). This would indicate the USF positions for a legacy MS (and also RTTI capable MS). 

Note that we do not need to worry about any other stealing flag settings here because MCS5-9 are together different from any other MCS/CS because of different modulation.
An RTTI capable MS could then read 4 additional “RTTI-type” stealing flags (in the 10 ms time unit, i.e. 2 per burst) to discriminate between “4-burst RTTI blocks” and “2-burst RTTI blocks”. 

· An RTTI-capable MS would then identify a block as an “8-PSK 2-burst RTTI block” (after 10 ms, as required) by detecting:

· (part of) the “legacy” stealing flags set to indicate MCS5&6 or MCS7,8&9 :

· For the first RTTI block in the 20 ms time unit, the MS would have to discriminate between ‘0,0,0,0’ (first 4 stealing flags to indicate MCS5&6) and the other initial 4-bit configurations to indicate MCS7,8&9, i.e. ‘1,1,1,0’.

· For the second RTTI block in the 20 ms time unit, the MS could use all the stealing flags in the 20 ms time unit, i.e. it could discriminate between ‘0,0,0,0,0,0,0,0’ (stealing flags to indicate MCS5&6) and the other stealing flags settings indicating MCS7,8&9, i.e. ‘1,1,1,0,0,0,0,1’.
· plus 4 additional “RTTI-type” stealing flags (2 per burst) set to ‘1,1,1,1’
· Similarly, an RTTI-capable MS would identify a block as an “8-PSK 4-burst RTTI block” (after 10 ms, as required) by detecting:

· (part of) the “legacy” stealing flags set to indicate MCS5&6 or MCS7,8&9 (as described above).

· plus 8 additional “RTTI-type” stealing flags set to 0: the 4 additional “RTTI-type” stealing flags on a given timeslot and also the corresponding additional “RTTI-type” stealing flags on the subsequently allocated timeslot.
In this case there is a risk of false positives (i.e. legacy block patterns matching the above definition of the “RTTI-type” stealing flag settings). However, even if there is a false positive, an RTTI MS would simply try to decode it in an RTTI way and fail. If the MS fails to decode the block in an RTTI way, then it may attempt to decode the block again in normal EGPRS way (assuming this is needed!).

The description above refers to the MS behaviour for downlink transmission. In case of uplink transmission, the behaviour of the receiver in network would be similar (the network has more information though, since it controls the UL transmission via the USF scheduling).

The USF decoding problem
Another problem to solve is to allow legacy USF decoding (which needs 20 ms), in conjunction with fast (10ms) USF scheduling for RTTI TBFs.

The solution could be to have both a normal USF (read also by legacy MSs) plus 2 "10 ms USFs" (read only by RTTI-capable MSs) defined in the 20 ms time unit on a given timeslot. 

Clearly, if the normal USF is set to a valid value, the 2 "10 ms USFs" will have to be set to an undefined value, and vice versa.

Note that the assumption here is that the "10 ms USFs" is defined per timeslot, regardless of the 2-burst or 4-burst RTTI block format of the DL RTTI block containing it.
· If an RTTI MS reads the corresponding "10 ms USFs" on a given timeslot it will be allowed to send a “2-burst RTTI blocks” on the corresponding timeslot.

· If an RTTI MS reads the corresponding "10 ms USFs" on a given timeslot and also on the subsequently allocated one, it will be allowed to send either a “4-burst RTTI blocks”, or 2 different “2-burst RTTI blocks” on the two timeslots.
Furthermore, a normal USF could be assigned to an RTTI TBF as well. This would allow to transmit legacy blocks in the DL (with legacy USF), but still schedule RTTI blocks in the UL:
· If a RTTI MS reads the corresponding normal USF in a legacy downlink radio block on a given timeslot, it will be allowed to send either a normal radio block
 or 2 consecutive “2-burst RTTI blocks” on the corresponding timeslot.

· if a RTTI MS reads the corresponding normal USF in 2 legacy downlink radio blocks transmitted on a given timeslot and on the subsequently allocated one, in addition to the options above it will be also allowed to send 2 consecutive “4-burst RTTI blocks”.

In any case, it has to be noted that the new "10 ms USF" mechanism described so far does not imply a further reduction in the RLC RTT, since in this proposal the "10 ms USF" would anyway refer to a point in time 20 ms ahead (not 10), to allow multiplexing with legacy MSs. This is shown in the figure below. But the real benefit would be in the higher scheduling flexibility.

[image: image2.emf]3 TS

If there is the need to multiplex legacy MSs, no benefit from ‘10 ms USF’ on RTT, only on cheduling flexibility

The color represents the scheduled TBF in UL

(white is ‘UNDEFINED’)

2 RTTI blocks, but with “10 ms USFs” set to

“UNDEFINED”, and normal USF set to “BLUE”


Of course, things would change if multiplexing with legacy MSs were not required. In this case it is not necessary to maintain the normal USF (to be read in 20 ms) and RTTI blocks could just carry 1 or 2 “10 ms USF” (1 in case of “2-burst format”, 2 in case of “4-burst format”). In this case the USF would refer to a point in time 10 ms ahead allowing a further 10 ms reduction in the RLC RTT. This is shown in the figure below.
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A further proposal is therefore to allow the possibility to define, in the RTTI TBF establishment phase, whether the “10 ms USF” has to be considered as a pointer to 20 ms ahead (scenario where multiplexing with legacy MSs is needed) or as a pointer to 10 ms ahead (scenario where multiplexing with legacy MSs is not needed).
It has to be noted that in principle it is still possible to allow multiplexing with legacy MSs and have the “10 ms USF” as a pointer to 10 ms ahead (so to always reduce the RLC RTT by 10 ms). But this would imply some inefficiency in scheduling UL resources (see figure below). 
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This inefficiency could be avoided, e.g. by defining 2 “10 ms USFs” (pointing to 2 different times!) in the same DL RTTI block (i.e. 2 “10 ms USFs” defined in 10 ms). But this is not suggested here.
4. Conclusions

In this contribution we have presented some ideas to discriminate between GPRS/EGPRS blocks and new RTTI blocks, to allow full multiplexing of legacy and RTTI TBFs. The basic principles are the following:
1. discrimination between GMSK RTTI-blocks and GMSK GPRS/EGPRS blocks based on setting of legacy stealing flags (to always indicate CS4 in case of GMSK RTTI-blocks), and setting of extra stealing flags (set to ‘1,1,1,1’ in case of GMSK RTTI-blocks)

2. discrimination between different types of GMSK RTTI blocks (i.e. the 2-burst or 4-burst format), based on the setting of additional “RTTI-type” stealing flags: ‘1,1’ to indicate 2-burst format and ‘0,0’ (on a given timeslot and also on the subsequently allocated one) to indicate 4-burst format 

3. discrimination between different types of 8-PSK RTTI blocks (i.e. the 2-burst or 4-burst format), based on setting of additional “RTTI-type” stealing flags: ‘1,1,1,1’ to indicate 2-burst format and ‘0,0,0,0’ (on a given timeslot and also on the subsequently allocated one) to indicate 4-burst format
Additionally, some ideas are outlined to allow legacy USF operation together with the possibility to have fast (10ms) USF scheduling for RTTI TBFs. The principles are:
1. Introduction of a new "10 ms USF" in DL RTTI blocks, defined per timeslot, regardless of the 2-burst or 4-burst RTTI block format of the DL RTTI block containing it.
2. Inclusion of 2 additional "10 ms USFs" in the 20 ms time unit on a given timeslot, in addition to the normal USF. Whenever the normal USF is set to a valid value, the 2 "10 ms USFs" have to be set to an undefined value, and vice versa.
Finally, the possibility to allow not only fast (10ms) USF scheduling but also “fast reaction” has been shown. In case multiplexing with legacy MSs is not required the normal USF is not needed and RTTI blocks could just carry 1 or 2 “10 ms USF” (1 in case of “2-burst format”, 2 in case of “4-burst format”). The “10 ms USF” could then refer to a point in time 10 ms in the future.

To allow the different possibilities (i.e. the “10 ms USF” as pointer to 10 or 20 ms ahead), a specific indication needs to added in the RTTI TBF establishment procedures.
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� This also suggests that it is not completely clear what happens (in case of an EGPRS TBF) if the extra stealing flags are set (or received) differently than ‘0,0,0,0’.


� This is strictly needed only if we consider the requirement to have normal EGPRS and RTTI blocks in the same TBF! (i.e. for the same MS) 


� This is not strictly needed, see note above 


� also the other 2 extra stealing flags in the 20 ms time unit will be set to ’1,1’


� Again, this is probably not needed
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