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1
Introduction

As a result of the 3GPP GERAN Ad Hoc meeting on GERAN Evolution, this contribution provides input text for Section 11 of the corresponding Feasibility Study.
The input text is provided in the following pages.
2
Input text
11


New burst structures and new slot formats
11.1

Introduction

This section describes a candidate enhancement based on the definition of a new set of transmission bursts 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. 
The new formats are therefore particularly suited for transmission on PS dedicated channels (uplink and downlink), or in the uplink, and are also applicable on downlink shared channels.
11.2     Concept description

The idea articulates in two fundamental components: removal of training sequences and removal of guard times. The combination of these two aspects generates the new burst format.

Within a multislot allocation of n slots, the first component consists in the removal of training sequences from all slots except one. For example, in a 3-slot allocation, the TSC could be retained in the second slot, and disappear in the first and in the third. Similarly, the idea includes the removal of the stealing flags whenever the training sequence is removed, by operating under the assumption that the one remaining stealing flag will apply also to the other slots. 

A variant of this component is to allow for a smaller training sequence in some of the bursts where the full TSC is removed. For example, a shorter training sequence could be present in some timeslots (e.g. to eventually help the channel tracking equalization process). In the remainder of this section we will not consider this variant further. 
Further, extra room can be gained within a multislot allocation of n slots by allowing 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. 

This would also allow for the removal of the tail bits wherever ramp up’s and down’s are removed. It is also interesting to note that, in the existing specification, there are no ramping requirements for base stations

When the two aforementioned principles (removal of TSC and removal guard times) are combined, a new slot format for Evolved GERAN can be defined. 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, one would define as many new slot formats as possible aggregations. Thus, assuming aggregations 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 xxx. Proposed new slot format for evolved EDGE

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

The removal of the RLC/MAC header from certain timeslots includes the removal of the USF, and therefore a reduction of scheduling opportunities in the uplink. This can be an issue in those cases where the same bandwidth requirement for uplink and downlink bandwidth exists, and can be partially tackled by switching adaptively between the new format and the old format in a dynamic fashion. It is not a problem for the cases where the downlink traffic requirement is higher than the uplink traffic requirement, for the uplink, or for packet switched dedicated channels.
11.3     Performance Characterization

For a two timeslot allocation the gain of the new slot format (consisting of removal of guard times and TSC) 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 xxx. 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), other coding schemes, such as turbo codes or hyper-codes, outperform TB-convolutional for blocks larger than 150 bits.

If we instead consider both the aggregation at L1 and L2 (and therefore also the RLC/MAC header removal), the overall gains in terms of the additional bandwidth that is made available at Layer 1 over 4 TDMA frames is obviously larger, and illustrated by the following table. 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 
	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 xxx. Overall gain with aggregated formats at L1 and L2
11.4 Impacts to the Mobile Station 

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, the removal of the TSC will require enhanced receiver and equalization capabilities (for example channel tracking equalization). 
The interference profile is likely to change within an aggregated timeslot (which would be subject to the interference from the two independent bursts). This is not different from what interference cancellation algorithms (e.g. SAIC) already have to cope with today at the timeslot level in an asynchronous network. In general, we note that receiver capabilities in the mobile station have improved largely with DARP Phase 1.
11.5 Impacts to the BSS

From the point of view of transmission and reception, the impact is the same as in Section 11.4
Further, the BSS has to be able to handle timeslots in a joint manner, in order to assess where and when to employ the aggregated format.
11.6 Impacts to the Core Network

The core network impact is minimal, e.g. indication of feature support.
11.7 Impacts to the Specification

A preliminary assessment of impacted specification follows. A more complete assessment can be done depending on whether the full set, or a subset, of components is pursued
Table xxx: Impacted 3GPP specifications

	Specification
	Description

	45.001
	Physical Layer on the radio path: general description

	45.002
	Multiplexing and multiple access on the radio path

	45.005
	Radio transmission and reception

	44.060
	Radio Link Control/Medium Access Control (RLC/MAC) protocol

	24.008
	Mobile radio interface Layer 3 specification; Core network protocols; Stage 3 (Release 7)

	51.010
	Mobile Station (MS) conformance specification





� 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”





� “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”





PAGE  
1

_1176500642.vsd
training �sequence�

�

�

data�

�

tail�

�

data�

guard �(ramp down �& ramp up)�

�

�

� 576,9 �s (15/26 ms)�

3�

26�

�

57 + 3 + 8.25 + 3 + 57 + 1 + 26 + 1 + 57 = 213.25�

�

�

57�

tail�

�

� 576,9 �s (15/26 ms)�

3�

8.25�

stealing flag�

stealing flag�

1�

1�


_1176505471.vsd
L2 H�

L2 data�

L2 H�

L2 data�

�

L2 H�

L2 data�


