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Simple RTTI solution
1. Introduction
Several contributions [1,2] have already been presented suggesting to define RTTI radio blocks to help reduce the latency in GERAN networks. 
A few different options have been presented so far, namely:

· both a 10 ms and a 5 ms TTI approach and
· both a 4-bursts and a 2-bursts radio block solution.

The introduction of all these options would increase the complexity of the RTTI proposal:

· the 5 ms TTI solution would imply a 4 DL + 4 UL timeslots cabable mobile station (although it would not be required to transmit AND receive on 4 timeslots during the same TDMA frame, see [2]). Furthermore the 5 ms TTI option would be hardly compatible with a DTM configuration.
· The introduction of the 2-burst radio block option would lead to the definition of 

· completely new modulation and coding schemes,
· the need to introduce additional stealing flags to signal the new radio block formats, see [1],
· the need to add additional USF fields in a DL RTTI block, see [1].
2. Simple RTTI solution
 
It is therefore suggested to reduce the number of options to a minimum in order to have the simplest possible approach: only the “4-bursts radio blocks with 10 ms TTI” option is further supported. As already described (e.g. in [1]), this can be achieved by transmitting 4 bursts in parallel onto 2 different timeslots.

The basic advantage of this approach is that legacy MCSs can be maintained, apart from the interleaving scheme. If the RTTI solution is combined with the Fast Ack/Nack Reporting proposal (as described in [3]) some modifications will anyway be needed to the payload coding, in case where an RLC data block needs to contain a short bitmap.
In any case no additional stealing flags would have to be defined, nor additional USF fields in DL RTTI blocks, as described in the following.
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).

The solution is simple and reuses 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 3 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)
3. A MS in RTTI TBF mode doesn’t have to distinguish between EGPRS MCSs and RTTI MCSs on the same resources
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 – on both timeslots - have to be set to indicate CS4 (while the four extra stealing could be set again to ‘0’
).

Correspondingly, in case of GMSK modulation, a MS in RTTI TBF mode will only have to distinguish between two different cases:
· A MS in RTTI TBF mode will identify a block as a “GMSK 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 (on both timeslots).
· 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 (on both timeslots).
· A MS in RTTI TBF mode will 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 the stealing flags is summarized in the table below, according to the specific TBF mode.
	Type of transmitted block
	Stealing flag settings
	Behaviour of the MS according to the specific TBF mode

	
	
	GPRS TBF
	EGPRS TBF
	RTTI TBF

	CS1 block
	· Legacy stealing flags set to CS1
	CS1 decoding
	CS1 decoding
	CS1 decoding

	CS2-3 block
	· Legacy stealing flags set to CS2-3
	CS2-3 decoding
	No decoding
	No 
decoding

	CS4 block
	· Legacy stealing flags set to CS4
	CS4 decoding
	MCS1-4 decoding
[decoding will fail]
	“GMSK RTTI block” decoding
[decoding will fail]

	MCS1-4 block
	· Legacy stealing flags set to CS4

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

[decoding will fail]
	MCS1-4 decoding
	“GMSK RTTI block” decoding

[decoding will fail]

	GMSK RTTI block
	· Legacy stealing flags set to CS4

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

[decoding will fail]
	MCS1-4 decoding
[decoding will fail]
	“GMSK RTTI block” decoding

(after 10 ms)


This shows that the behaviour of a mobile station in RTTI TBF mode is the same with respect to a mobile station in EGPRS TBF mode (i.e. the same complexity is expected).
Regarding 8-PSK modulation, we can assume that when 8-PSK RTTI blocks are sent, the legacy stealing flags are set to one of the currently defined values – i.e. ‘0,0,0,0,0,0,0,0’ (indicating MCS5/6) or ‘1,1,1,0,0,1,1,1’ (indicating MCS7/8/9). This would indicate the USF positions for a legacy MS (and also for a MS in RTTI TBF mode). 

Correspondingly, in case of 8-PSK modulation, a MS in RTTI TBF mode will only have to distinguish between two different cases:

· A MS in RTTI TBF mode will identify a block as a “MCS5/6 RTTI block” (after 10 ms, as required) by detecting (part of) the legacy stealing flags set to indicate MCS5/6 
· Alternatively, a MS in RTTI TBF mode will identify a block as a “MCS7/8/9 RTTI block” (after 10 ms, as required) by detecting (part of) the legacy stealing flags set to indicate MCS7/8/9
Note:

· 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’ (on both timeslots).
· 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’ (on both timeslots).
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 the need to schedule RTTI blocks in the UL every 10 ms.

A simple solution – already included in the Feasibility Study on GERAN Evolution – is to specify that MS in RTTI TBF mode will read:

· the USF allowing UL transmission in the first 10 ms of the next 20 ms time unit during 4 TDMA frames (i.e. legacy USF decoding) on the first allocated DL timeslot 

· the USF allowing UL transmission in the second 10 ms of the next 20 ms time unit during 4 TDMA frames (i.e. legacy USF decoding) on the second allocated DL timeslot
With this proposal a MS in RTTI TBF mode would have to wait 20 ms to read the 2 USFs on the 2 allocated DL timeslots, so the USF would anyway refer to a point in time 20 ms ahead (not 10). This would not necessarily impact the RLC RTT (i.e. the time to perform an RLC retransmission) and would only slightly impact the upper layer RTT (e.g. the ping delay). In any case full interworking with legacy TBFs and full UL scheduling flexibility for RTTI blocks would be guaranteed.
The USF decoding procedure could be further optimized in case multiplexing with legacy TBFs is not required. 
In this case it is not necessary to maintain the legacy USF decoding (i.e. USF to be read in 20 ms).  Instead, the USF could be coded using the same 4 bursts used for a DL RTTI block (i.e. 4 bursts transmitted in parallel onto 2 different timeslots in 10 ms).

In this case a MS in RTTI TBF mode will read the USF allowing UL transmission in the next 10 ms time unit during 10 ms on 2 different DL timeslots. The USF would therefore refer to a point in time 10 ms ahead allowing a further 10 ms reduction in the upper layer RTT (e.g. the ping delay).
Note: another possible improvement, in case multiplexing with legacy TBFs is not required, is the possibility to change modulation in DL every 10 ms, further increasing the DL scheduling flexibility.
In both cases (i.e. where multiplexing with legacy TBFs is / is not required) the structure of the DL RTTI blocks would be the same. Only the way the USF is interleaved would change (during 20 ms on a single timeslot OR during 10 ms on 2 different timeslots). Considering this, it is possible to define in the RTTI TBF establishment phase whether the USF has to be read per timeslot in 20 ms (scenario where multiplexing with legacy TBFs is needed) or in 10 ms on 2 different timeslots (scenario where multiplexing with legacy TBFs is not needed).
4. Conclusions

In this contribution we have presented a simple solution reducing the number of options and therefore the complexity of the RTTI proposal. The basic principles are the following:
1. Only “4-bursts radio blocks with 10 ms TTI” are considered.
2. No additional stealing flags need to be defined. Discrimination between legacy and RTTI blocks is based on the setting of legacy stealing flags.
3. No additional USF fields need to be introduced in DL RTTI blocks.  
4. Possibility to define in the RTTI TBF establishment procedures whether the USF has to be read per timeslot in 20 ms (scenario where multiplexing with legacy TBFs is needed) or in 10 ms on 2 different timeslots (scenario where multiplexing with legacy TBFs is not needed).
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