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1     Summary
GERAN Evolution FS TR 45.912 v0.5.0 was circulated just before Easter. Some comments on FS Conclusion Table 1 are given in what follows, along with some remarks on the general prerequisites of the work. 
To sum up:
· Software upgrades are often “hard” in practice: BSS hardware changes should be allowed if needed to achieve significant gains
· Duplex filters should be promoted, an obvious DL and UL improvement
· Improving the RTT a must to fully exploit the PHY (radio) improvements

· Downlink improvements should be balanced by the uplink: DSR could possibly work if IRC does its job (further work needed), whereas UL Dual Carrier appears to be prohibitive due to IM problems.
In general, TeliaSonera supports the requirements of the FS, but is of the opinion that Work Items for selected areas could be carried out even if the FS is not entirely conclusive for the particular area.
2 Dual Symbol Rate
It is important to improve the uplink data rates, and according to the FS, DSR will deliver improvements in line with the FS targets. One of the issues is the separation of multiple users in the same band, which may be a particular problem in dense networks. Interference Rejection Combining (IRC), labelled as “distributed MIMO”, has been proposed to remedy this. Figure 1 displays a situation with multiple interferers in the same band.
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Figure 1 Example with several 600 kHz interferers (picture stolen from Nokia).

Will IRC be able to suppress 600 kHz wide interferers in the same band as the desired? If two physically separated antennas are used, IRC reduces to beamforming. Suppose the distance between these is d, and assume that the desired signal s at the two antenna ports is incident from broadside:
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i.e exactly the same (randomly varying) signal at the two antennas. Suppose further one single interferer incident from the angle 
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where 
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is the phase factor arising from the difference in the propagation paths between the antennas. Neglect the noise. The optimal beamformer according to IRC is then
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where the first factor is the correlation matrix of the total signal 
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and the latter is the projection of the desired signal onto the received signal. We have
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which will completely suppress the interferer incident from
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, i.e. the ideal beamformer. However, this only works efficiently for one interferer, since it is not possible to place more nulls in the configuration per half space using only two antennas.  
If d tends to zero, we obviously do not have a beamformer, but the IRC algorithm can be used anyway if cross polarization is used at the BTS. Like the example above, IRC will only work efficiently for one dominating interferer. Indeed, in [1] it is shown that for polarization diversity, the difference between IRC and other combining methods is not dramatic when two interfering signals are present (an underdetermined system where the number of unknown interferers are larger than the measurement points). 

It appears that DSR has to rely on cross polarization diversity at the BTS, since this installation is relatively common. The feasibility of cross polarisation IRC in presence of several interferers should be investigated further. There will be a correlation between the polarization directions, which will have an impact on the SINR improvement. Note, however, that the signals in the example above are completely correlated, yet the method is very effective. The FS also shows that MSRD is relatively insensitive to antenna correlation when IRC is used for one interferer.
· Uplink improvements are important: TeliaSonera could support a WID looking at the feasibility of DSR and the efficiency of IRC in a multi-interferer scenario.
Hardware Changes

DSR is likely to incur hardware changes in the BSS, e.g. the equaliser complexity will increase due to the shorter pulse. Another possible way of improving the uplink and balance the DL DC could be 16QAM plus turbo codes, but the complex decoder is also (very) likely to incur a hardware change in the BSS. (Uplink Dual Carrier is probably difficult due to IM problems.)
In practice, software changes are “hard”.

· It is the view of TeliaSonera that BSS hardware could be allowed to be upgraded if significant GERAN Evolution gains are demonstrated.

BSS transmission will most likely be upgraded to IP Ethernet to allow greater capacity and trunking gain. This will impose hardware changes in any case; transmission cards need to be replaced.
Duplex filters

Several improvements of the uplink are discussed in the FS, but the most obvious is perhaps the use of duplex filters. Duplex filters for UMTS 900 and UMTS 1800 are already accepted (needed for UMTS), and these would also allow the use of all 8 timeslots in the MS. 
The duplex distance at 900 and 1800 is smaller than that in the UMTS core band (Band I), and the impact of a filter insertion loss due to the stopband requirements should perhaps be analysed along with the impact of heating in the MS due to > 2 timeslots per frame at high power.
· TeliaSonera would like to promote the use of duplex filters for obvious downlink and uplink radio improvements.
Latency Improvements
Higher PHY data rates are more sensitive to RTT, and the above improvements are only fully utilised if the RTT is reduced. The radio protocols are behind a substantial part of the latency, so improvements of RLC/MAC retransmission and a 10 ms TTI may thus reduce the overall RTT. 

· TeliaSonera supports a WID comprising improved ACK/NACK reporting and reduced TTI.
The importance of lower latency merits a Work Item even if the results of the FS are contradictory and not entirely conclusive. Reduced RTT is not only attractive for VoIP.
An example of the impact of latency on TCP connections is shown in Figure 2 (published earlier in the context of Super-3G but equally valid here). 1 MB of data is sent with a target BLER of 0.5%. The 384 kbps bearer (top) has a rate comparable to those discussed in the FS, the TTI is 10 ms in this case (2 ms in the lower case). A 50% RTT reduction below 600 ms implies a significant throughput gain. The impact of a reduced RTT is even greater at higher PHY rates.  


[image: image10]
Figure 2 Session throughput versus RTT for a 384 kbps PHY bearer (top) and a 3.6 Mbps counterpart (below).
A WID for improved latency is also consistent with the FS requirement that GERAN Evolution should contain “balanced performance improvements”.
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