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1. Introduction

In the last RAN1 meeting held in Riga some working assumptions related to the UL reference signals (RS) were agreed. It was decided that the demodulation RS and sounding RS are transmitted in different blocks. With respect to the multiplexing of sounding RS, it was agreed that UEs with equal sounding bandwidths are separated using CDM and CDM/FDM are used when there are multiple sounding bandwidths. It was also agreed that the demodulation RS between different transmit antennas of SU-MIMO and MU-MIMO are separated using different cyclic shifts of a CAZAC code.

After Riga meeting there has been active e-mail discussion related to Ericsson’s proposal to replace two SBs reserved for UL RS by one LB [1]. As an outcome of this discussion, the slot format was decided to change mainly due to the higher number of base sequences provided by the LB only approach.
This contribution discusses Nokia views on the remaining open items related to the UL RS design:

· How to create the reference signals from the ZC sequences? 

· How to generate orthogonal RSs from a single ZC base sequence?
· Cyclic shifts

· Hadamard encoding
· How to allocate the sequences 

· between different cells of the same Node B / between different cells of different Node Bs
· SIMO/MIMO 

· Degree of flexibility in RS allocation?
· Is there any need for additional randomization such as “shift hopping”?
· Is there any need for FH of sounding RS?

2. Comparison of proposed techniques to increase the number of base sequences
As indicated in [4], the conventional method of generating RS sequences is based on ZC sequences with (even) length equal to the size of the allocated RBs. The problem of this approach is that it provides a small number of ZC sequences. Three alternatives to solve the problem have been proposed:

· Use ZC sequences with length N-1 [4]

· Use frequency domain truncation of ZC sequences with length N+1

· Use frequency domain cyclic copy of ZC sequences with length N-1 

In this chapter the cross-correlation and CM properties of above mentioned sequences are considered.  In the evaluation we focus on 1 PRB allocation which corresponds to RS sequence length of 12 with truncated and ‘cyclic copy’ methods and length of 11 with odd sequence length.
The normalized cross-correlation properties of ZC sequences length 11, ‘cyclic copy’ with length 11 ZC sequences and truncated 13 sequence is summarized  in Table 1.   The cross-correlation of odd length sequence equals to 1/sqrt(L). The mean cross-correlation values for both truncated and ‘cyclic copy’ can be seen somewhat reasonable.  Table 2 show normalized cross-correlation properties between cyclic shifts of the same RS sequence.  Both truncated and cyclic copy methods suffer from the lack of orthogonal cyclic shifts resulting in reduced multiplexing capacity or additional interference between UEs having different cyclic shifts of the same ZC sequence. 
It should be noted that the cyclic shift the can be used with CAZAC sequences to get the orthogonal reference signals between UE’ having  the same bandwidth.  With ‘cyclic copy’ the orthogonal cyclic shift can be restored by removing the cyclic element in the receiver site.  The drawback of removal is about 0.4 dB additional overhead.  Regarding to truncated sequence we don’t seen straightforward way for restoring properties of CAZAC sequences like flat frequency response and orthogonal cyclic shifts.  

Table 1 Normalized cross-correlation between different ZC (mother) sequences
	
	               N-1
	Cyclic copy from N-1
	    Truncated 

	Mean
	             0.3015
	          0.3091
	      0.2817

	Max
	             0.3015
	          0.3591
	      0.3545

	Min
	             0.3015
	          0.2035
	      0.2205


Table 2 Normalized cross-correlation between cyclic shifts of the same ZC (mother) sequence
	           N-1
	Cyclic copy from N-1
	      Truncated

	              0
	          0.083
	            0.083


Figure 1 compares the CM properties between ‘cyclic copy’ method and odd length sequences. With ‘cyclic copy’ method there are 70 sequences having CM less than 1 dB, and the respective number with odd length sequences is 52.  Taking into account the above mentioned additional overhead due to the cyclic extension, the CM gain of ‘cyclic copy’ method over odd length sequence is negligible or even negative.
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Figure 1 Cubic metric for ‘cyclic copy’ method and N-1 method
With respect to the selection of sequences we think that odd length sequences are better than even length sequences or truncated sequences. So, in the 1RB and LB RS case we think that RS sequence length of 11 is the best solution. The problem we see with "cyclic copy" method as proposed by Fujitsu is that the overhead from additional element in the sequence corresponds to 0.4dB loss in the pilot energy.  

3. RS allocation

Our view is that the DM RS allocation is mainly an implementation issue.  Thereby we think that the signaling of RS allocations should be flexible enough to support different use cases. From the UL RS allocation point of view we think that there is no difference between UEs within a cell and UEs within different cells of the same Node B.
We note that the orthogonal covers (i.e., block-level spreading of RS) can provide zero cross-correlation also for RS sequences of different bandwidths. This is not the case neither with different ZC (mother) sequences nor the different cyclic shifts of the ZC sequence. Due to the advantageous cross-correlation properties we don’t want to limit the use of block-level spreading of RS only for the MIMO cases. Actually, in the MIMO application different data streams have equal bandwidth, which means that different cyclic shifts are almost completely orthogonal as far as the length of cyclic shift is larger than delay spread of radio channel.
4. RS hopping

We think that frequency hopping RS should be supported in the spec in order to maximize the gains of frequency domain channel dependent scheduling [2]. The performance gain of frequency domain channel dependent scheduling is maximized with minimum overhead due to the out-band pilot with frequency hopping RS [3].
One aspect related to the RS hopping proposed in [1] is that it can also be seen as an implementation issue as far as the signaling of the RSs is flexible enough. Of course an alternative to the RS hopping is coordinated planning of the DM RS allocation. This can also be seen as an implementation issue that doesn’t need to be specified.
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