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1. Introduction

In LTE Rel-11 the DMRS is not transmitted in the center 6 PRBs of the system bandwidth when it collides with transmission of PSS and SSS. Fortunately, a PDSCH transmission in this set of PRBs can be demodulated using CRS. However, for the NCT, where CRS is not transmitted, a different solution is required to resolve collision between DMRS and PSS/SSS. At the past two RAN1 meetings, several solutions were proposed, including relocating either PSS/SSS or DMRS, and puncturing DMRS on OFDM symbols where it collides with PSS/SSS transmission. To progress this issue, it was agreed at RAN1 #72 to first evaluate the benefits of new DMRS patterns before considering the other proposals. In this contribution we provide some analysis on the benefits of a new DL DMRS location/pattern for a NCT.

2. Discussion
It is first pertinent to note that on the time-frequency grid only a few degrees of freedom are left for placement of DMRS symbols due to other channels and signals such as tracking RS, PSS/SSS, CSI-RS and, possibly, PBCH if a standalone NCT is specified. Following RAN1 #72, several proposals were submitted for evaluation of DMRS locations that basically exploit these remaining degrees of freedom (see e.g. [1] – [2] for FDD and [3] for TDD). 
For FDD and normal CP, representative proposals for DMRS location are:
1) Option 1 (agreed evaluation pattern in [1]): shift both DMRS pairs with respect to the Rel-11 location by 3 symbols to the left, i.e. the DMRS pairs are located on symbols (2, 3) of both slots as shown in Figure 1(b). Alternatively, the position of the second DMRS pair may be unchanged compared to Rel-11 i.e. on symbols (5, 6) of slot 1 [4].

2) Option 2 [2]: shift the first DMRS pair with respect to the Rel-11 location by 4 symbols to the left, i.e. the DMRS pairs are located on symbols (1, 2) and (5, 6) of slots 0 and 1 respectively as shown in Figure 1(a). 
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Figure 1 New DMRS locations for NCT and FDD: (a) shift only first DMRS pair by 4 symbols, (b) either shift both DMRS pairs or only the first DMRS pair by 3 symbols
These new DMRS locations take advantage of the absence of a legacy PDCCH region on an NCT. Both Options 1 and 2 offer a more efficient spacing with respect to the subframe length. Thus, we expect some improvement in the quality of interpolated channel estimates over the entire subframe particularly at moderate to high speeds. As such a different aspect to consider is whether it is necessary to optimize for moderate or high speeds on a NCT. In our view, the NCT is more likely deployed to boost capacity e.g. at peak traffic times, or in small cell scenarios if standalone NCT is introduced. These are scenarios where low UE speeds are the norm and not the exception. Note that this was already an underlying assumption when the minimum CSI-RS periodicity was set as 5ms during Rel-10 standardization.

Observation: since the NCT has a minimum periodicity of 5ms for tracking RS and CSI-RS, it should be optimized for a low, rather than high, UE speeds. 

We also note that in Option 1 (Figure 1(b)) shifting the second DMRS pair by 3 symbols causes a collision with some Rel-11 CSI-RS configurations. It was suggested in [4] that the eNB can simply avoid transmitting these CSI-RS configurations. Such a solution reduces the flexibility of CSI-RS configurations in heterogeneous deployments for eICIC and CoMP. Furthermore, the impact of reducing the number of CSI-RS configurations increases with the number of CSI-RS antenna ports. For example, for 8-port CSI-RS only 3 out of a possible 5 CSI-RS configurations are available for configuration. Therefore, it is not desirable to introduce new CSI-RS configurations to solve a newly created problem if the existing Rel-11 DMRS locations give satisfactory performance. 

Finally, the decision between either specifying new DMRS locations or new PSS/SSS locations is closely tied to how a UE determines a carrier type i.e. NCT identification. For a carrier-aggregated NCT, the UE can be provided carrier type information during SCell addition. In that respect, the locations of all signals can be configured or determined by specification including tracking RS, PSS, SSS, DMRS and CSI-RS. On the other hand, if a standalone NCT is specified, a separate mechanism is required to inform the UE of the carrier type. One such method is to specify new locations for the PSS and SSS [5], wherein the UE implicitly determines the carrier type during initial synchronization. 

Proposal

· If a standalone NCT is specified, first agree on a mechanism to determine carrier type during initial access
· If a standalone NCT is not specified, only consider new DMRS patterns that do not collide with existing signals and channels

3. Conclusion

This contribution considered the benefits of introducing a new DMRS location for a new carrier type. Our observations and recommendations are:
· Since the NCT has a minimum periodicity of 5ms for tracking RS and CSI-RS, it should be optimized for a low, rather than high, UE speed
· If a standalone NCT is specified, first agree on a mechanism to determine carrier type during initial access

· If a standalone NCT is not specified, only consider new DMRS patterns that do not collide with existing signals and channels
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