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1 Introduction
UL reference design has been discussed in many contributions and on the reflector as well. An email discussion summary was presented in RAN1 #46 [1]. In this contribution the issues about the UL RS design were identified. However two major aspects about RL RS are still open. One is the structure of demodulation RS which can be CDM based and FDM based. The other one is how to multiplex UL sounding RS with demodulation RS.  In Tallinn meeting Nortel submitted a contribution [2], in which we compared the two UL RS structures and recommended to adopt FDM based UL RS. We also propose to support in-band high density RS for data demodulation and out of band low density RS for sounding.

In this contribution we further discuss the above two issues considering the change of the L1 numerology [3]. Our discussions are mainly focused on the non-control UL data transmission.
2 Discussion

According to [1], on average, CDM provides better RS SINR at the cell edge while FDM provides better RS SINR at the cell interior. In addition FDM outperforms when the delay spread exceeds the cyclic shift length.  Moreover for the multi-user MIMO transmission FDM is more robust to the timing mismatching between different UEs transmitting at the same time. 
Therefore the following factors should be considered when selecting the UL RS structure:

· The sub-channel structure: localized transmission or distribution transmission (not RU based).
· The traffic types: control signalling channel or data channel

· Transmission mode: MIMO or non-MIMO
In this contribution we only discuss the data transmission.  The major difference between data channel and control signaling channel is that the effective SINR of the data transmission is better than the control signaling transmission considering the application of HARQ and the channel dependent scheduling in some cases. In other word, the channel estimation performance in very low SINR is not so critical for data channel compared to the control channel. Therefore we prefer FDM UL RS structure.
It is indicated in the latest version of TR 25.814 and TR 25.912 that the baseline antennas configuration for UL single-user MIMO is two transmit antennas at UE and two receiver antennas at the Cell site. In addition, both the transmit diversity scheme and Multi-user MIMO should be supported in SC-FDMA uplink. Compared to CDM RS structure FDM RS structure can provide better orthogonalilty between RS channels for different transmit antennas and therefore offer a better channel estimation performance.  In addition FDM based RS separation is less sensitive to the timing offset between different UE. So it is more suitable to MU-MIMO.  .

Both the localized transmission and the distributed transmission should be supported in LTE UL. According to the working assumptions decided in Tallinn meeting the frequency domain scheduling is also supported for the UL.  Localized sub-channel is usually used to support the frequency domain scheduling. For many localized transmissions more than one consecutive RU are assigned to a UE in each sub-frame except for UE near the cell edge where the power concentration is required. Even for some non frequency domain scheduled transmission the RU based sub-channel structure is still valid. Several approaches can be applied to offer the frequency diversity, for example RU hopping between sub-frames in the same TTI /different TTI or RU hopping HARQ.  For these RU based data transmission (localized or distributed) we propose to apply the in-band FDM based RS which spans the same BW as data. For MIMO cases (SU-MIMO and MU-MIMO) different antenna transmits RS on the different sub-set of sub-carriers within the transmission BW in SBs in each TTI. The inter-cell interference of RS can be mitigated by modulating RS in the neighbour cells with difference RS sequence. 

UL channel sounding is required to enable the frequency domain scheduling. Therefore for the UL RS design, we should consider both the demodulation RS and sounding RS. Considering there are four SBs in each TTI, one or more SB in each TTI can be reserved for the transmission of UL sounding RS when non intra-TTI sub-frame hopping is applied, for example for the localized transmission and HARQ based diversity transmission. With this design, enough RS density can be supported in both the time domain and in the frequency domain and meanwhile the channel resource for UL sounding can be provided without additional overhead. 
Figure 1 shows the examples of the RS structures based on 1 ms TTI and 12 sub-carriers new L1 parameters. It is assumed in these examples that intra-TTI sub-frame RU hopping is not supported, therefore three SBs are used to transmit the demodulation RS and one is used to transmit sounding RS. This dedicates sounding SB allows a number of UEs to transmit sounding signals simultaneously through FDM manner or CDM manner. In (a) it is assumed that the minimum channel resource per allocation consists of two consecutive RUs over 2 sub-frames. For MIMO with two transmit antennas, six sub-carriers are assigned to each antenna in the demodulation SBs. It should be mentioned that these two transmit antennas can come from the same UE or from different UEs.  The power boosting compared to LB can be applied by each transmit antenna to improve SINR for cell edge UE.  To mitigate inter-cell interference different RS sequences are used by the neighbour cells. In (b) the minimum resource assignment is 1 RUx 2 sub-frames. In comparison with (a) the inter-cell interference mitigation performance is worse. 
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Figure 1 RS structure (no intra-TTI RU hopping)
For the scenario where the intra-TTI RU hopping is supported, all four SBs should be used as demodulation RS. Figure 2 gives the examples. The minimum sizes of the channel resource assigned for each transmission in (a) and (b) are Similar to Figure 1. 
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Figure 2 RS structure (intra-TTI RU hopping)
The multiplexing of the localized transmission and the intra-TTI RU hopping diversity transmission can be realized by FDM. With this arrangement certain numbers of RUs are reserved in each TTI and the sub-TTI RU hopping is only allowed in these RUs. See figure 3 for the illustration of the multiplexing of localized transmission and diversity transmission.
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Figure 3 The multiplexing of localized transmission and diversity transmission

The similar RS structure can be applied to  non-MIMO transmissions as well. There are two RS mapping approaches for non-MIMO UE: 
(a) Occupy all available sub-carriers in demodulation RS: longer RS sequence

(b) Occupy a half of the available sub-carriers in demodulation RS:

· RS hopping: different cell occupies different sub-carrier sub-set to provide another approach to reduce the inter-cell interference.
· Power boosting
3 Conclusion
In this proposal we discussed the RS structures for single carrier based UL data transmission. We recommend:

· In-band demodulation RS for both MIMO and non-MIMO 
i. Same BW as data transmission

ii. FDM separation of MIMO RS

iii. Different sequences to mitigate inter-cell interference

· Separate sounding RS with demodulation RS
i. One SB per TTI in RUs assigned for localized for localized transmission. 
ii. Enough diversity can be realized if the localized transmission and the diversity transmission are multiplexed properly.
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