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1. Introduction
This contribution provides a summary of identified UL RS design issues. Reflector discussions were extremely limited for the UL RS. A Table with company preferences is also included. 

2. UL RS Design Issues
The following are identified outstanding UL RS design issues.
a) RS Structure for SIMO Multiplexing (same bandwidth)
CDM is currently supported by 14 companies while FDM is supported by 8 companies. The two options have many similar attributes. The main differences are:

1) Distributed CDM provides many more root sequences than distributed FDM, thereby enabling much easier cell planning for sequence re-use and flexible system deployment.

2) CDM experiences the average interference from all RS at adjacent cells while FDM experiences the interferers having the same comb. On average, CDM provides better RS SINR at the cell edge while FDM provides better RS SINR at the cell interior.
3) FDM outperforms CDM by a dB fraction when the channel delay spread exceeds the cyclic shift length (~0.45 dB was reported by several companies for the TU channel). This difference may increase or decrease when UL power control errors are not small.   
The first two differences are due to inherent properties of the two multiplexing schemes. The third difference is due to the cyclic shift selection. A somewhat larger cyclic shift avoids any CDM performance loss for large channel delay spreads (FDM can also use a larger cyclic shift to avoid degradation in large channel delay spreads – then the CDM and FDM performance will practically be the same). This comes at the expense of a small reduction in the number of available CAZAC sequences, from 6 to 5. 

b) RS Structure for SU-MIMO and MU-MIMO
Support for either option is similar to the SIMO case. The RS structure for SU-MIMO and MU-MIMO has not been extensively studied yet but R1-061677 gives a comprehensive discussion of various issues. 

For SU-MIMO, CDM and FDM have the same attributes as for UL SIMO. 

For MU-MIMO, having propagation delays and timing errors exceed the cyclic shift duration is even more advantageous to FDM. However, as for SIMO, CDM could simply revert to larger cyclic shifts and avoid any performance loss (and outperform) for a small reduction in the number of available sequences (from 6 to 5). Also, CDM allows for transparent MU-MIMO application to the UE in case the Node B applies spatial multiplexing through MU-MIMO. It was commented that this may also be possible with FDM by having a similar mapping for the FDM comb offsets as for the CDM cyclic shifts. 
c) Multiplexing Distributed RS in Different Tx Bandwidths

The design issue is related to the UL frequency domain scheduling process and further discussions are needed in conjunction with UL frequency domain scheduling. 
d) Multiplexing Method (Distributed vs Localized) of RS in SB1 and SB2
This design issue relates to whether localized or distributed transmission is adopted for the data channel. Results from most (not all) companies show that the tradeoff between improved channel estimation for localized transmission and frequency diversity gains for distributed transmission is in favor of localized data transmission at BLERs around 10% (typical operating point with HARQ). Also, localized data transmission is implicit for UL frequency domain scheduling. 
For distributed data transmission, all contributions consider distributed RS in SB1 and SB2. For localized data transmission, some contributions suggest localized RS in both SB1 and SB2 to optimize channel estimation performance while others suggest distributed RS in SB1 (or SB2) and localized RS in SB2 (or SB1) to avoid a separate distributed “sounding” RS for UL frequency domain scheduling.

e) “Sounding” RS
Most companies support the transmission of a distributed “sounding” RS for UL frequency domain scheduling. A suggestion for having a distributed RS to leverage the TDD channel reciprocity was also made. For very few companies the issue remains FFS. It is understood that this “sounding” RS represents overhead and its transmission should be justified by corresponding performance gains. To possibly minimize this overhead, several companies suggested dynamic (rather than static) transmission.  

f) RS Sequence Design
A particular sequence design involving truncated GCL sequences was proposed in a contribution at the Cannes meeting. The proposed sequences are Zadoff-Chu ones multiplied with a complex scalar “b”. It was clarified that the complex scalar “b” is not necessary, in which case the conventional Zadoff-Chu sequences are suggested by all companies indicating a preference for the RS sequence. 

Regarding the issue of fitting the RS sequence into the allocated bandwidth, some possible options include truncation of a larger prime length sequence or generation of a sequence that fits into the allocated bandwidth. 

For the former, the correlation and PAPR properties of the truncated sequences need to be investigated.

For the latter, the impact from having fewer available sequences needs to be investigated.

As both options appear to have disadvantages, additional options (if possible) may be needed.
g) Adjacent Cell Sequence Allocation
This issue was neither discussed on the reflector nor treated during previous WG1 meetings. Sequence hopping or sequence co-ordination (planning) are the suggested as options.
h) Boosting of RS Transmission Power
This issue was not discussed on the reflector. Previous contributions suggest boosting the RS power to improve channel estimation performance, or to avoid any performance losses when accommodating a “sounding” RS by decreasing the density of the demodulation RS. It is understood that a cell edge UE transmitting at maximum power may not be able to perform such power boosting.
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