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Burst format for precoded EGPRS2
1. Introduction

Precoded EGPRS2 (PCE2) uses IDFT precoding in downlink and targets a significant increase in throughput for the downlink EGPRS2 modulation and coding schemes. Whilst significant throughput improvements for the PCE2 capable mobiles is targeted, it should also be ensured that there is no negative impact on the performance of any legacy services due to the introduction of the PCE2. A number of compatibility objectives have been agreed [1] to ensure that legacy services are not impacted negatively because of introduction of PCE2. One of the compatibility objectives is to ensure that impacts on the PAN and USF multiplexing with legacy mobiles shall be minimized when PCE2 is introduced [1].
In this contribution, the burst structure of PCE2 is considered and alternative burst structures are proposed to ensure that the USF compatibility with legacy mobiles is maintained with PCE2.

2. USF multiplexing
In order to allow multiplexing of mobiles on the same timeslot, it is necessary that the mobile to which the next uplink radio block period is assigned to shall be able to read the USF in a downlink radio block that could potentially carry data addressed to a different mobile. However, since different mobiles have different capabilities, as far as decoding downlink modulations is concerned, it is not always possible to ensure the USF multiplexing. Based on the modulations possible in the downlink data block, the current USF multiplexing situation after Rel-7 is as shown below in Table 1. 

Table 1: Current USF multiplexing situation (post Rel-7)
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GPRS Yes No No No No No No

EGPRS Yes Yes No No No No No

EGPRS2A Yes Yes Yes Yes No No No

EGPRS2B Yes Yes Yes Yes Yes Yes Yes
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It can be seen that a legacy mobile cannot read the USF when the downlink radio block uses a modulation that is not supported by the legacy mobile. 

For introduction of PCE2, new downlink modulations and burst structures are being considered [1]. For instance, in [2], a burst with training sequence symbols intercalated has been proposed; whilst in [3] a burst structure with training sequence in the middle of the burst has been proposed. It has been shown in [3] that a training sequence in the middle of the burst results in a larger subcarrier spacing and hence a better ICI protection under different channel conditions. However, these burst structures (irrespective of the modulation scheme used) are not compatible with legacy mobiles for USF multiplexing. 

Hence, the multiplexing of legacy mobiles with PCE2 mobiles is not supported either  with thes burst structures proposed in [3] or the current PCE2 burst structures, resulting in the USF multiplexing scenario as shown below in Table 2. 

Table 2: Multiplexing scenario with introduction of PCE2

[image: image2.emf]GMSK 8PSK 16QAM 32QAM QPSK(HSR) 16QAM (HSR)32QAM(HSR) PCE2-A PCE2-B

GPRS Yes No No No No No No No No

EGPRS Yes Yes No No No No No No No

EGPRS2A Yes Yes Yes Yes No No No No No

EGPRS2B Yes Yes Yes Yes Yes Yes Yes No No

PCE2-A Yes Possibly Yes Possibly Yes Possibly Yes Possibly No Possibly No Possibly No Yes No

PCE2-B Yes Possibly Yes Possibly Yes Possibly Yes Possibly Yes Possibly Yes Possibly Yes Yes Yes
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Of particular concern in the above is the situation for the legacy mobiles that are circled. It should be noted that by the time PCE2 mobiles are introduced into the field, it is expected that there will be significant penetration of GPRS/EGPRS and EGPRS2 mobiles which are all considered to be legacy mobiles from the perspective of PCE2-capable networks. The inability to send USF to a legacy mobile when sending data to a PCE2 mobile would result in either a reduction in possible scheduling opportunities for legacy mobiles (if PCE2 burst is used in downlink) or a reduction in throughput for the PCE2 mobile if a burst format common to both PCE2 and a legacy mobile has to be used for transmitting data to a PCE2 mobile (to convey the USF to a legacy mobile at the same time). Both the above options are suboptimal – whilst the first option results in an impact on throughput to the legacy mobiles, the second option leads to a reduction in actual achieved throughput for the PCE2 mobiles and both these are against the goals of the SPEED study item. 

For these reasons, burst structures compatible with legacy mobiles for USF multiplexing should be considered for PCE2 mobiles. In this contribution burst structures supporting legacy mobiles are proposed to achieve this objective of USF compatibility. 
3.  Alternative burst structures

3.1 PCE2-A

PCE2-A is expected to retain the legacy symbol rate. Also the modulation and coding schemes for PCE2-A are likely to be same as those for EGPRS2-A [1]. The legacy EGPRS2-A burst formats and the distribution of various symbols within various bursts for different DAS coding schemes is shown in Figure 1 to Figure 4 below. 


[image: image3.emf] 

TSC  

26x3  

24  

150  

22  

152  

D  

H+U+D  

D   S+U+H+D  


Figure 1: DAS5, DAS-6 and DAS-7
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Figure 2: DAS-8, DAS9
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Figure 3: DAS-10
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Figure 4: DAS-12

Note: all the numbers in Figure 1 to Figure 4 are in bits. 

It can be seen from the above figures that the USF bits in case of EGPRS(2A) are distributed very close to the training sequence symbols. In particular it can be noted that for any EGPRS2-A burst the farthest symbol carrying USF information is the 8th symbol away from the TSC (as seen from Figure 1 – for DAS-5 to DAS-7). Further it should also be noted that the burst format for DAS-5 to DAS-7 is also compatible with 8-PSK bursts of EGPRS. 

Hence, in order to ensure USF compatibility between PCE2-A and EGPRS2-A and EGPRS (MCS-5 to MCS-9), it is proposed to retain the training sequence symbols and 8 symbols around the training sequence of a PCE2 burst in legacy format. The channel coding of the bits that are mapped on to these symbols - in particular the bits carrying the USF in this case should also be retained along with the modulation and symbol rotation (according to each DAS/MCS scheme). The new burst format proposed for PCE2-A looks as below:   
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Figure 5: Burst format for PCE2-A compatible with all the EGPRS2-A and 8-PSK modulated EGPRS coding schemes

Note: All the numbers in Figure 5 are in symbols

A cyclic prefix (CP) of length 3 symbols is added to the 2 IDFT precoded parts of the burst.  
3.2 PCE2-B

PCE2-B is expected to use a higher symbol rate (@325 ksymb/s) like EGPRS2-B. In case of EGPRS2-B, different modulation and coding schemes (DBS) use different burst formats as shown below in Figure 6 to Figure 9. 
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Figure 6: DBS-5, DBS-6
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Figure 7: DBS-7, DBS-8 and DBS-9
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Figure 9: DBS-10, DBS-11 and DBS-12
Note: All the numbers in Figure 6 to Figure 9 are in bits.
As in EGPRS2-A, it can be seen from the above burst formats that the USF symbols are close to the TSC symbols. In particular, in case of EGPRS2-B, the USF symbols are always on the right hand side of the burst and are within 4 symbols away from the TSC symbols. Hence, a new burst format for EGPRS2-B as shown below is proposed. 
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It should be noted that although only 4 symbols on the right hand side of the PCE2-B burst are enough to be retained in legacy format, it is proposed for sake of uniformity to retain the 4 symbols on the left side of the TSC also in the legacy format (this allows the IDFT precoded symbols to be of same subcarrier spacing on either side of the TSC). The CP length in case of EGPRS2-B is 4 reduced symbol periods long. 

Further, in order to ensure legacy compatibility, it is also proposed to retain the modulation and symbol rotation in the midamble according the legacy formats. 

4. Decoding the new burst structures

4.1 Legacy mobiles

As noted above, legacy mobiles can use training sequence symbols in the middle of the burst (provided the modulation used is supported by the mobile in question) to decode the symbols in the burst. It should further be noted that apart from the few symbols around the training sequence (i.e. 8 symbols in case of PCE2-A and 4 symbols in case of PCE2-B), the rest of the burst is likely to be not decodable by legacy mobiles. However, for decoding the USF this is expected to be sufficient. 

4.2 PCE2 mobiles

A PCE2 mobile will need to perform channel estimation using the training sequence in the middle and decode the first few symbols next to the TSC (i.e. 8 symbols in case of PCE2-A and 4 symbols in case of PCE2-B) using the legacy time domain equalization techniques. The PCE2 mobile can then decode the rest of the burst in frequency domain by translating the channel estimate into frequency domain and equalizing the IDFT precoded parts of the burst in frequency domain. 

5. Switching between the burst structures

The proposed burst structures are beneficial particularly when a significant number of legacy mobiles are present in the field along with relatively few PCE2 mobiles.  In other words, burst formats supporting legacy mobiles are critical during the initial penetration phase of PCE2 mobiles thereby removing a significant barrier in commercial adoption while immediately obtaining the benefits of this feature. 
After sufficient penetration of PCE2 mobiles in the field, dedication of timeslot resources to PCE2 mobile may become justified enabling a more sound case for support of the pure PCE2 burst formats as shown in [2] or [3]. Pure PCE2 mobiles are likely more attractive from a PCE2 mobile perspective as these bursts can be decoded using a receiver that works entirely in frequency domain. 
Hence, both the pure PCE2 burst formats and legacy compatible PCE2 burst formats as shown in section 3 can be standardized with either a signaling mechanism to switch between these burst formats at call setup or a blind detection mechanism at the receiver if shown to be feasible with limited complexity in a PCE2 mobile – this latter is FFS.

6. Conclusion

Precoded EGPRS2 (PCE2) is expected to use a new burst format and set of modulation and coding schemes in downlink to achieve significant throughput improvements in downlink. However, it is critical to ensure that both PCE2-A and PCE2-B mobiles can be USF multiplexed with legacy (EGPRS and EGPRS2) mobiles in the field. A compatibility objective has been agreed to ensure that PCE2 mobiles can be multiplexed with legacy mobiles. 
In this contribution new burst structures for PCE2 mobiles are proposed to ensure that this compatibility objective for PCE2 is met. It is proposed that these burst structures are adopted for PCE2 bursts. It is also proposed to consider using the pure PCE2 burst formats as shown in [2] or [3] in cases where all the mobiles multiplexed on a PDCH are PCE2 capable. A switching mechanism to switch between pure and legacy compatible PCE2 bursts is also proposed either with signaling or with blind detection at the mobile side if shown to be feasible. 
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