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1. Introduction

The e-mail discussion on uplink reference signal has occurred until Mar. 24 after being initiated on Feb. 24, 2006. No agreed text proposal has been made from the e-mail discussion. This report summarizes the discussions and suggests a way forward for this RAN1#44bis meeting.
2. Summary of the e-mail discussion
The e-mail discussion has mostly been spent on comparing FDM and CDM structure. The definition of FDM and CDM structure referred to in this report is captured below from Section 9.1.1.2.2 in TR 25.814 [1] for clarity.
· FDM: transmission of each uplink reference signal across a distinct set of sub-carriers, as in “Figure 9.1.1.2.2-2 left”
· CDM: transmission of each uplink reference signal across a common set of sub-carriers (example with contiguous sub carriers in Figure 9.1.1.2.2-2 right)
Each proponent group for the CDM and FDM structures showed somewhat different views for most of the discussion issues and thus in this report, the key claims from each proponent group are summarized as below.
Key arguments from CDM proponents
· Number of orthogonal pilot channels: CDM and FDM are equivalent, e.g., by modulating the two SBs by {+1, -1} or {+1, +1} for two different groups of UEs in CDM structure.
· BLER performance: CDM and FDM are equivalent in most cases of interest.
· Impacts of time selective fading on performance: Performance degrades with the staggered FDM since a single pilot exists for each of the subcarriers within a block. 
· Robustness to inter-cell interference: CDM is more robust in presence of dominant interferers which may happen frequently. Handover may not be well supported with FDM.
· Inter-cell interference cancellation (IC): Only possible with CDM pilot. For the FDM pilot in frequency selective channels, it is not possible to separate channel estimates between 2 UEs (desired and interfering) and IC is not possible.
· Near-far problem: according to the simulation results, CDM CAZAC multiplexing is robust to the near-far effect and doesn’t hurt low-power UEs.
Key arguments from FDM proponents
· Number of orthogonal pilot channels: CDM gives less number of orthogonal pilot channels and thus requires the adoption of additional non-orthogonal sequences.
· BLER performance: CDM has similar or slightly worse performance than FDM due to the multipath delay spread and the adoption of non-orthogonal sequences.
· Impacts of time selective fading on performance: Under high mobility, interference between UEs will increase in CDM cases with gradual breakdown of orthogonality
· Robustness to inter-cell interference: CDM may perform better when a single dominant interferer exists, but, in most situations, the interference comes from multiple UEs in neighbouring cells and there should be negligible performance difference.
· Inter-cell interference cancellation: CDM and FDM are equivalent because even with FDM, pilots can be CDMed between different cells both in time and frequency domain.
· Interference avoidance: FDM pilots are well suited for interference avoidance techniques.

· Near-far problem: A received pilot power PSD difference between UEs degrades the performance of CDM structure, which is not the case for FDM.
· Distributed transmission of reference signal within a data bandwidth would lead to negligible impact on demodulation performance and makes room for transmitting other UEs’ reference signal for uplink channel quality estimation

The following comments have also been made in the e-mail discussion:
· In order to support many active UEs, sub-frame level TDM of reference signals for uplink channel quality estimation should be considered on top of the multiplexing of reference signals for coherent demodulation within a sub-frame irrespective of whether the multiplexing is done by FDM or CDM. 
· It would be better to reuse SB than to assign an additional resource to transmit UL sounding reference signals for UEs not transmitting data in the current subframe.
3. Conclusion
Based on the discussions, the moderator recommends that RAN1 discuss and make decisions/progresses on the following issues, listed in the order of priority, within the allowed time frame in this RAN1#44bis meeting:

· Basic multiplexing principle, especially for achieving intra-cell orthogonality
· Schemes/structures for achieving inter-cell orthogonality/interference mitigation

· Other issues

· Schemes/structures for supporting channel dependent scheduling

· Reference signal sequence
· Schemes/structures for supporting uplink MIMO and SDMA
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