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1 
Introduction

A new Work Item has been recently opened on GERAN Evolution ([1]).  One of the main targets of the evolution is an increase in the achievable data rate. Within this context, this paper describes a simple technique aimed at improve the GERAN data rate and throughput.

Section 2 and 3 describe the assumptions we rely upon. Sections 4, 5 and 6 describe the proposed idea from the Layer 1 point of view, and assess the corresponding gains. Section 7 shows how further gains can be achieved by extending the idea to Layer 2. Section 8 reviews some implementation aspects. Section 9 is a first sketch of the signaling aspects. Section 10 concludes the paper by summarizing the overall gains achieved by the proposal.
2 
Timeslot Assignments and Allocations & Relevant Assumptions
Firstly, it shall be noted that this paper assumes that one RLC/MAC block spans four TDMA frames as per the existing specification (i.e. one RLC/MAC block is transmitted over four equally numbered timeslot over four consecutive TDMA frames). A modification in the length of the RLC/MAC block (e.g. a shorter TTI as mentioned in [2]) is compatible with the concepts described in the following sections, but outside the scope of this paper.
GERAN timeslot management takes place on two different levels: assignment and allocation. Assignment and Allocation can be described as follows

· Assignments are semi-static and controlled by upper-layer signaling. With an assignment, a user is assigned a set of timeslots on a channel to be shared with up to six other users.

· Allocations are dynamic and controlled on a RLC/MAC block basis by the MAC layer. Which user is the scheduled target of a given RLC/MAC block is indicated in the header of the block itself.
3 The EDGE burst
The following picture outlines the EDGE burst format for GMSK. 
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Figure 1. The EDGE burst
The pictures of this paper assume, with no loss of generality, the format with the stealing flags on both sides of the training sequence code.

4 Removal of training sequences

4.1 Basic Idea

The fundamental part of the idea is to allow the removal of the training sequence from the GSM burst format, thus freeing more room for additional data. 
Within a multislot allocation, this could be done from slots 2 … n, i.e. the training sequence would remain in the first slot, and would disappear in the subsequent ones. 
The one question would obviously be whether the channel estimate performed in the first timeslot still holds, or can be extended, to the following timeslots. We believe the answer to this question is yes. We discuss equalization and channel tracking aspects more in detail in Section 8.
Similarly, we have assumed a removal of the stealing flags from slots 2 … n, since we now consider that the stealing flag of the first slot will apply also to the subsequent slots. 

The modified slot format would therefore look as follows
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Figure 2. The EDGE burst with TSC removal
The simple artifact would yield a 24.56% increase of the data rate in the specified burst
.

A variant of the basic idea is to allow for a smaller training sequence in subsequent timeslots. For example, a shorter training sequence could be present in timeslot 2 or in timeslot 3 (e.g. to eventually help the channel tracking equalization process).
In fact, one could also conceive two classes of receivers: a class that could cope with the complete lack of training sequence in slots 2 … n, and another class that would require a smaller training sequence in some or all of slots 2 … n. This would have to be negotiated by signaling. 

In the remainder of the paper we will not consider this variant further. The following sections are however fully applicable to the variant case.
5 Removal of intermediate guard times
An additional idea to gain extra room within a multislot allocation is to allow for data transmission also in the guard period, when the guard period falls within two timeslots allocated to the same user. 

In principle this would mean that the receiver would only ramp up before slot 1 and ramp down at the end of slot n. No further ramps would be present, as showed in the Figure 3. 

Further, this would allow for the removal of the tail bits wherever ramp up’s and down’s are removed. The following picture (which, to better illustrate the idea, does not consider the Removal of Training Sequence of Section 4) describes the concept.
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Figure 3. Two EDGE bursts with guard time removal
The gain of the guard time removal over two slots is 6.25 %
. It is also interesting to note that, in the existing specification, there are no ramping requirements for base stations

6 New slot format
The ideas of Section 4 (TSC removal) and Section 5 (guard time removal) have been presented independently for ease of explanation. However, it does make sense to combine them in order to define a new slot format for Evolved GERAN. 
The new slot format 
1) Comes from the aggregation of the slots of a multislot allocation (i.e. from the removal of intermediate ramp up’s and down’s). 
2) Further, it contains only one training sequence, while the rest of the slot is an uninterrupted stream of data. 
Obviously, the idea would be to define as many new slot formats as possible aggregations. Thus, assuming aggregation of 2, 3, and 4 timeslots are possible, three new slot formats would be defined. The following picture illustrates the principle for a 2-slot allocation.
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Figure 4. New slot format for evolved EDGE

For a two timeslot allocation the gain of the new slot format measured at L1 would be 18.53 %
. Within a n-timeslot allocation the gain would therefore be proportional to n, as illustrated by the following table

	Allocated Timeslots
	Symbols in new slot format
	Gain

	2
	270.25
	18.53 %

	3
	426.5
	24.7 %


	4
	582.75
	27.8 %




Table 1. Bandwidth gain of the new slot format

It is worth noting that the above-mentioned gain merely include the additional L1 bandwidth. It does not include the fact that the additional bandwidth could be exploited e.g. for better coding. 

In fact, while tail-biting convolutional coding with Viterbi decoding is optimal for small block sizes (up to 150 bits), the available literature has widely showed that other coding schemes, such as turbo codes or hyper-codes, outperform TB-convolutional for blocks larger than 150 bits.

For example, for the slot sizes described in Table 1, an exemplary Turbo Code with 4 iterations would yield, respectively, 1.5, 1.8, and 2 dB of additional gains in terms of Eb/No over a convolutional code with k = 7(see e.g. [6] for details)

7 Aggregation at RLC/MAC level
The introduction of a new, larger, slot format, allows for some additional gain at Layer 2. In fact, it would now be possible to define larger RLC/MAC data blocks following a principle conceptually very similar to the Layer 1 timeslot aggregation that we just explored.
The new RLC/MAC data blocks would still span four TDMA frames, but would now consist of four “aggregated” slots, instead of four ordinary slots.  This would allow them to carry a larger proportion of data with respect to the header, since there would be no need for a RLC/MAC header over slots 2 … n.
Ideally, one would define as many new RLC/MAC block formats as possible aggregations. In other words, if it is possible to aggregate 2, 3 and 4 timeslots, one would define three new RLC/MAC block formats so to exploit each case of aggregation to the fullest extent.

Figure 4 illustrates the principle showing both the legacy format, and the proposed new format for a 2-slot allocation.
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Figure 5. Aggregation at RLC/MAC level

Table 2 outlines the gains achievable with aggregation at RLC/MAC level. The table computes Layer 2 gains only, for ease of explanation (overall gains achievable across Layer 1 & 2 will be computed in the Conclusions). 

The gain is expressed in terms of additional RLC/MAC bandwidth. Such bandwidth could be exploited for additional data transmission, a larger BCS, new puncturing/coding schemes, or a combination of the above. 

The gain is different according to the MCS format (and corresponding header) that is assumed for the block. It shall be noted that gains for MCS 5-9 have been expressed both in terms of bits and in terms of symbols for additional clarity.
	Allocated Timeslots
	Gain

	
	MCS 1-4
	MCS 5-6
	MCS 7-9

	2
	80 symbols
	~45.3 symbols

(136 bits)
	~53.3 symbols
(160 bits)

	3
	160 symbols
	~90.6 symbols

(272 bits)
	~106.6 symbols

(320 bits)

	4
	240 symbols
	~136 symbols

(408 bits)
	~160 symbols

(480 bits)


Table 2. Bandwidth gain of the aggregated RLC/MAC block formats
Lastly, we note that in principle aggregation at RLC/MAC level is independent from the new slot format we discussed in earlier section, e.g. it could be introduced in the GERAN specifications independently of the new slot format.
8 Implementation Aspects
From the point of view of the transmitter, implementation aspects may be simplified by the usage of the 157/156/156/156 transmission option, as referenced in Section 5.7 of 3GPP TS 45.010
, as this would remove the complication introduced by the 0.25 bit.

From the point of view of the receiver, we believe that the removal of the TSC is not a problem for the channel estimation and equalization processes. Incidentally, this is not something different in principle from the equalization of GSM on high-speed trains (~ 500 Km/h), which has already been discussed in the past (see [9]) and found feasible.
More in detail, for small aggregations (e.g. aggregation of two timeslots), we may consider the duration of the new slot format to be still within the coherence time of interest. For example, for GSM900, even at 200 Km/h, the coherence time is still 3 ms
, i.e. more than the duration of five GSM timeslots. Lower velocities would obviously yield larger coherence intervals. Typical coherence time and Rayleigh fading envelope for GSM900 are extensively discussed in [7] and [8].

On the other hand, for larger aggregations (e.g. aggregation of four timeslots), the implementation of channel tracking equalizer may be needed for certain cases. Available literature shows that channel tracking equalization techniques are feasible in the context of GSM, whether they are based on some form of Adaptive MLSE (e.g. see [3]) or on a combination of LMS and Kalman filtering (e.g. see [4]). Consequently, even for the cases where such an equalizer may be needed, we don’t consider this to be a problem.
9 Signaling Aspects
Signaling has to take into account both legacy network and mobiles. Plus, it may be desirable for the network to adopt the new slot format only when desired. 
A solution towards this effect may be as follows

· The MS signals support for the new slot format in the Classmark and in the MS Radio Access Capabilities. If necessary, more than one code point could be allocated in case several variants are specified (e.g. total or partial removal of training sequences)
· The network determines upon assignment whether the specified PDCH employs the new slot format for a MS that support it. This allows the network to operate in “legacy mode” also with “new” mobiles.
10 Conclusions
This paper has described a set of techniques to boost the GERAN data rate that retains most of the transmission protocols. The key proposed items are 

1) The definition of a new set of transmission slot formats deriving from the aggregation of timeslots at Layer 1. The aggregation relies on the removal of guard times and training sequences from a subset of bursts within a multislot allocation.
2) The definition of a new set of RLC/MAC block formats deriving from the usage of the aggregated timeslot formats.  

These techniques are applicable both in uplink and in downlink. 
The following table summarizes the overall gains in terms of the additional bandwidth that is made available at Layer 1 over 4 TDMA frames (the duration of one RLC/MAC block). 
The following shall be noted:
· The “Data symbols tx with legacy technique” column takes into account the overhead of the multiple training sequences, guard times and RLC/MAC header. It does not take into account the overhead of the BCS, which is included as an integral part of the RLC/MAC data portion.
· The “Data symbols tx with new techniques” column takes into account the removal of all of the above (e.g. TSC, guard times, extra L2 headers as per Sections 4-7).
	Allocated Timeslots
	Data symbols tx with legacy technique

	Data symbols tx with new technique

	Gain 

	
	MCS 1-4
	MCS 5-6
	MCS 7-9
	MCS 1-4
	MCS 5-6
	MCS 7-9
	MCS 1-4
	MCS 5-6
	MCS 7-9

	2
	752
	821
	805
	1001
	1035
	1027
	33.1%
	26%
	27.6%

	3
	1128
	1232
	1208
	1626
	1660
	1652
	44.1%
	34.7%
	36.8%

	4
	1504
	1643
	1611
	2251
	2285
	2277
	49.7%
	39.1%
	41.3%


Table 3. Overall gain with aggregated formats at L1 and L2
We believe Table 3 shows very substantial gains, which might eventually be increased if the additional bandwidth is exploited in clever manners (better protections, different coding, etc.). Further, these gains come with a relatively simple proposal, which mainly relies on improved receiver capabilities. 
As such, it is proposed to include the content of this paper in the GERAN Evolution Feasibility Study [5].
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� 142 / (57 + 57) = 1.2456


� (57 + 57 + 128.25) / 4*57 = 1.0625


� 3GPP TS 05.02 Section 5.2.8: “The guard period is provided because it is required for the MSs that transmission be attenuated for the period between bursts with the necessary ramp up and down occurring during the guard periods as defined in 3GPP TS 05.05. A base transceiver station is not required to have a capability to ramp down and up between adjacent bursts”





� (57 + 57 + 3 + 8.25 + 3 + 57 + 1 + 26 + 1 + 57) / 4*57 = 1.1853


� (57 + 57 + 3 + 8.25 + 3 + 57 + 1 + 26 + 1 + 57 + 3 + 8.25 + 3 + 57 + 1 + 26 + 1 + 57) / 6*57 = 1.247 


� (57 + 57 + 3 + 8.25 + 3 + 57 + 1 + 26 + 1 + 57 + 3 + 8.25 + 3 + 57 + 1 + 26 + 1 + 57 + 3 + 8.25 + 3 + 57 + 1 + 26 + 1 + 57) / 8*57 = 1.278 





� “Optionally, the BTS may use a timeslot length of 157 symbol periods on timeslots with TN = 0 and 4, and 156 symbol periods on timeslots with TN = 1, 2, 3, 5, 6, 7, rather than 156,25 symbol periods on all timeslots”


� For the considered case, coherence time = (λ/2) / Velocity = 2.9697 ms 


� Computed as		 (# allocated timeslots) * [4 * 114 –  (L2 header)] 


� Computed as		4 * (#symbols in new slot format) – L2 header
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