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1. Introduction

In this contribution open issues on uplink reference signal structure are discussed. This paper concentrates on demodulation RS structure and views on sequence selection, sequence and shift hopping and Walsh covering are presented. Our views on sounding RS are presented in contribution [1].
2. Extended vs. truncated sequences
In RAN1#47bis meeting in Sorrento working assumption on uplink reference signal sequences was made. The agreement was to use either truncated or extended Zadoff-Chu sequences depending on RB allocation size. Selection between truncated and extended sequences has been discussed for example in [2] and [3]. The proposed criteria in those papers is to use the nearest prime length sequence for each RB allocation. Also it is proposed to take CM of the sequences into account when selecting between truncation and extension. In [4] the use of truncated or extended sequences is questioned. CAZAC properties of the ZC sequences are not maintained if the sequences are truncated or extended.
We have studied the selection of sequences and our view is that extended sequences provide slightly better cross-correlation and CM properties than truncated sequences. The difference is significant for 1 RB allocations; there exists 10 extended ZC sequences with CM less than 1.5 dB while one can find only 6 truncated ZC sequences meeting the same CM limit. However, the differences between extended and truncated sequences become less significant for larger BW allocations. Thus, our view is that either extended ZC sequences or combination of both extended and truncated ZC sequences should be selected.  

We agree that decision not use CAZAC sequences is somewhat problematic. However the sequence coordination (i.e. sequence planning) is also problematic, especially in 1RB allocation case if truncated or extended sequences are not used and only 4 root sequences are available. Also it should be noted that BW allocations in the neighboring cells are done independently and generally allocations are different in frequency position and bandwidth. In that case large cross-correlations between ZC sequences of different lengths sometimes exist and there is no clear benefit of using “pure” ZC instead of extended sequences in this respect.
3. UE specific selection of RS sequences
CM of some ZC sequences is larger than the CM of QPSK. Performance of coverage limited UE that is using such a sequence may be limited by RS power and not the data power. It has been proposed [5] that coverage limited cell edge UEs would use low CM sequences and other UEs in that cell could use also higher CM RS sequences. This means that DM RS sequences would be UE specific and not cell or eNB specific.
If both high and low CM sequences are used then at least two different root sequences are used in a cell for each BW allocation. This would complicate the coordination of the sequences and also additional signalling would be needed to tell the UE, which sequence it should use. Also we think that it is better to use cyclic shifts of the same root sequence between UEs in the different cells of the same eNB. Cross-correlation properties of different root sequences are not as good as cross correlations between cyclic shifts. 
CM of the sequences must be taken into account when selecting sequences. If CM of the sequence is significantly higher than CM of QPSK then that sequence can not be used as UL RS sequence. On the other hand, selecting UL RS sequences with CM equal or less than CM of QPSK would significantly limit the number of available sequences and make the sequence coordination very difficult especially in the case of 1RB allocations; only 6 RS sequences would meet the criterion. Hence we propose that a CM limit of 1.5 dB is imposed on UL RS sequences. This would allow for 10 extended ZC sequences for 1 RB allocations. This would significantly simplify sequence coordination for 1 RB allocations while keeping the RS power and the data power for QPSK in an acceptable balance. Despite of the proposed CM relaxation, the task of sequence coordination is very difficult. Because of this shift and sequence hopping need to be considered.
4. Sequence coordination and sequence hopping
We think that standard should support sequence coordination as a baseline for 1 RB allocations. However sequence hopping should also be allowed. Especially in 1RB case the number of available sequences is very limited, so only sequence coordination may not result in acceptable cross-correlation properties especially between UL allocations of different bandwidth in all scenarios. We think that it should be possible to switch hopping on and off. Also we think that sequence coordination and hopping solution should be flexible [6] so that it does not create unnecessary limitations to sequence coordination.
5. Cyclic Shift Hopping
One method to randomize large cross-correlation values between different length ZC sequences is to use cyclic shift hopping. In [7] practical arrangement of shift hopping is presented. We think that shift hopping is useful both with UL RS sequences and ZC sequences used in PUCCH. We think that cyclic shift hopping should always be enabled.
6. Signalling of DM RS information
We think that sequence and cyclic shift signalling cannot be made fully configurable by the network/Node B (on TTI basis). This is due to the fact that the signalling burden will become too heavy if the used cyclic shifts or sequences need to be signalled in every UL/DL allocation. In practise this means that cyclic shift hopping patterns must be defined in the standard.
Most of the DM RS related signalling in our proposals for sounding [1], shift hopping [7] and sequence hopping [6] can be sent with RRC signalling, or on broadcast channel, or possibly included to the RACH response or as a part of handover control signalling. There are some cases where we think that is advantageous to include RS related information to UL allocation grant signalling. In case of MU-MIMO it is better to signal the used cyclic shift for example in UL allocation grant and not in RRC message in order to avoid limitations in scheduling of UEs. 
7. Walsh covering of DM RS

In addition to cyclic shifts Walsh covering can be used to differentiate DM RS signals from different UEs in the same eNB. Compared to cyclic shifts Walsh covering has a benefit that it provides orthogonality also for different bandwidth RS signals. On the other hand the number of Walsh codes available in a sub-frame is only 2 and the use of Walsh codes is limited to relatively low speed UEs. It is commonly assumed 6 cyclic shifts can be used within DM RS LB. Especially in case of MIMO, 6 cyclic shifts may not be enough to support all the UEs in a eNB but additional methods are needed. It is proposed e.g. in [8] that Walsh covers would be reserved for MIMO case. We think Walsh code does not need to be coupled with MIMO but it can be a general method available for eNB to separate DM reference signals from different UEs.
8. Summary

In this contribution we have presented our view on open issues of UL DM RS:
· Either only extended ZC sequences or, possibly, combination of extended and truncated ZC sequences should be used

· The RS sequences should be eNB specific and not UE specific

· Only sequences with CM lower than 1.5 dB
· Both sequence coordination and sequence hopping should be possible

· Cyclic shift hopping is beneficial and should be always used

· Signalling load and especially L1/L2 related to configuring of UL RS should be minimized

· Walsh covering of DM RS should be possible and not to be limited to MIMO
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