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1. Introduction

In the last RAN plenary meeting in Hainan, the LTE study item schedule remained with the target date for June 2006. In order to enable study item finalisation, inputs are needed on various sections for TR 25.912. The responsibility for the UE complexity was allocated to TSG RAN WG2 and WG4. However as some of the topics clearly have L1 impacts, the aspects of these should also be discussed in TSG RAN WG1. The proposal is that RAN1 discusses the L1 aspects of the LTE complexity requirements, collects them in a text proposal that is forwarded to TSG RAN WG2 and WG4 for inclusion to TR 25.912. It is also our understanding that although some WG or WGs have a responsibility of a certain topic, it is expected that other groups will help in the SI finalisation from their perspective.
The LTE complexity requirements in TR 25.913 are on a general level and focus on having few non-redundant mandatory features and keeping the number options to a minimum. At this stage, RAN1 is not far enough in the process to do a true evaluation against these requirements, but the requirements serves as a strong guideline for the work item ahead. As a guideline for the evaluation against the requirements, contribution [1] proposes for the complexity section of TS 25.912 that “Relevant concept, e.g. UE capabilities, UE types, complexity study results, should be clarified to show this requirement can be satisfied.” 

Even though the decision in RAN1 have been few on this issue already now some high level UE capabilities can be outlined based on the experience from WCDMA and knowing the discussion in RAN1 on the different features. In this contribution we outline the relevant L1 related UE capabilities and briefly discuss their impact on the UE complexity.
2. Discussion 

In this section we have compiled a list of L1 related UE capabilities that could be envisioned and discuss their complexity impact. Some of the content has been generated based on what can currently be found in TS 25.306, but also partially from [2] and [3]. It is not our intention to settle these values before closing the study item, but more to give an overview over what the issues that should be discussed when these topics will be addressed in the work item phase. 
· Minimum UE receiver and transmitter bandwidth
This is the only UE capability that RAN1 has discussed and agreed on so far. The UE shall be able to receive and transmit the bandwidth of the 10 MHz option. Nokia shows in [4] that from a mobility perspective, widening this bandwidth somewhat has advantages from a system. Higher bandwidths will also be considered, but in order not to unnecessarily diversify the UE population, only two UE bandwidth capabilities should be allowed: 10 and 20 MHz. 
WCDMA has the limitation of the number of physical channel bits in a TTI. However, in an OFDM system like LTE, the number of physical channel bits a UE can receive is proportional to the minimum receiving bandwidth and hence FFT-size. Therefore, we think that a limitation in the number of physical channel bits is not needed. 
· Maximum data rate

From a layer 1 perspective, the maximum data rate impacts the UE complexity by setting requirements on the throughput of the channel code decoder. For HSDPA, the maximum data rate is set by the “Maximum number of bits of an HS-DSCH transport block received within an HS-DSCH TTI” in combination with the “Minimum inter-TTI interval”. The latter is in not needed, but it should be discussed whether one or more values are needed for the number of data bits in a TTI. One option is to have only one maximum data rate value per UE bandwidth category for non-MIMO capable UEs and one maximum data rate value per UE bandwidth category for MIMO capable UEs. In case supporting 64-QAM is optional, the maximum data rate for UEs not supporting 64QAM must be adjusted accordingly. 
As the maximum data rate typically has an even larger impact on higher layer processing, limitations on maximum data rates can be limited for that reason. The mechanism for limiting the data rate should still be by limiting the number of data bits per TTI so that the channel decoder can be scaled correctly and does not have to handle a larger data rate than the higher layers.
· HARQ related capabilities

Though it is disputed whether or not HARQ is a layer 1 issues, it at least has some L1 impacts. The main impact to UE complexity is the soft buffer size. The soft buffer size is decided by the number of HARQ processes, the maximum transport block sizes and the possible inclusion of longer TTIs. The soft buffer size should be reasonable, e.g. the gain from having full incremental redundancy should be weighed against the increase in soft buffer size. 
· Antenna configuration
By antenna configuration we mean the number of antennas in the UE for RX and TX and additionally whether MIMO is supported for DL and/or UL. In cases where it is not necessary to explicitly know the number of UE antennas, assumptions on the number of UE Rx and Tx antennas will be made in the UE performance requirements. The MIMO scheme selected should have reasonable implementation complexity, but at the same time provide the possibility for further receiver performance enhancements as technology develops. There should be only one MIMO scheme so the capability will be of a YES/NO type. TX-diversity, also here only one scheme is assumed supported as default.
· Modulation capability
Higher order modulation like 64-QAM puts very strict requirements on both transmitters and receivers. The optionality of 64-QAM should be discussed.
It is desirable that the number of combinations of UE capabilities existing is kept as low as possible in order to follow the requirements in TS 25.913, but at the same time it should also be ensured that UE complexity for the baseline assumptions is kept reasonable in order to ensure the competitiveness of E-UTRA system and technology. With a less diversified UE population, overall system complexity, UE testing and interoperability problems will all be reduced. Therefore, the UE capabilities finally agreed on should not be independently set, but must be bundled together in UE categories as for HSDPA and HSUPA. 
3. Conclusion

In this contribution we discussed issues related to the L1 aspect of UE capability and complexity for the SI evaluation. Nokia will draft a TR based on all companies input’s for inclusion in TR 25.912
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