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1. Introduction

Aggregation of a new carrier type (NCT) with a backward compatible carrier was first proposed in Rel-11. Some of the motivations of the NCT include a reduction of common control signaling and cell-specific reference signals in order to improve network energy efficiency and enable ICIC. Due to time constraints, standardization of the NCT was moved to Rel-12 (see revised WID in [1]) with the understanding that specification work would continue from the agreements reached in Rel-11. It was agreed that time/frequency tracking on the NCT shall be based on a 1-port CRS with 5ms periodicity – also known as a tracking RS – but that this RS shall not be used for demodulation. 
This introduces a problem PDSCH demodulation because DM-RS is not transmitted in the center 6 PRBs of subframes containing PSS/SSS, whereas legacy carriers had the benefit of CRS-based demodulation. The following alternatives were proposed at RAN1 #69 [2] to resolve collision between DM-RS and PSS/SSS on the NCT:

· Alt 1: Avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS

· 1a: keeping Rel-8 relative locations of PSS/SSS
· 1b: change relative locations of PSS/SSS
· Alt 2: Change the DM-RS pattern on NCT (i.e. in all subframes) to give better performance for PDSCH demodulation in the absence of a legacy control region (and thereby also avoiding collisions with PSS/SSS)

· Alt 3: Keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS locations. 

· 3a: Puncture DM-RS
· 3b: Forbid PDSCH transmissions in PRBs with PSS/SSS
It was finally agreed that:
· The existing DM-RS patterns will be used on the NCT (subject to possibly being with puncturing as per Alt 3a)
· Study until RAN1#70 alternatives 1 and 3. Keep in mind the question of whether it is worth changing the PSS/SSS locations for NCT in Rel-11 given the considerations raised on DM-RS patterns.
This contribution evaluates these alternatives for resolving collisions between DM-RS and PSS/SSS, and makes some recommendations on how to proceed in Rel-12.
2. Scenarios for NCT
Before analyzing the alternatives to resolve collision between DM-RS and PSS/SSS we first describe two important use cases for NCT. 

Scenario A: Carrier aggregation

This is the general scenario for Phase 1 of the NCT WI. As shown in Figure 1, both macro and pico cells are configured with two carriers, F1 and F2. The macro eNB can configure F2 as a SCell-NCT so that pico UEs experience reduced DL interference from the macro eNB. The pico eNB can configure F2 as the PCell to take advantage of reduced interference from the higher-powered macro eNB. Furthermore, it is also possible for the pico eNB to configure NCT on F1 to reduce interference to macro UEs in close proximity to the pico cell. 
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Figure 1 NCT CA scenario
For CA the UE is provided with all system information related to the SCell. Therefore, it is also possible that any changes to the location of the PSS/SSS/DM-RS can be provided to the UE.
Scenario B: Enhanced local area with a small cell layer

An enhanced local area shall be evaluated in the Small Cell Enhancement Study Item. One important use case is the scenario depicted in Figure 2, where the macro cell is operating on a lower frequency F1 for coverage whereas the small cell (SC) layer operates on a dedicated carrier at a higher frequency band (F2). In this scenario the small cell cluster is deployed within the macro coverage area. To improve energy efficiency and reduce DL overhead, F2 is configured as a NCT, which is not backward compatible for UEs of an earlier release. 
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Figure 2 HetNet with dedicated carrier as NCT for small cell layer
In Scenario B, the NCT is stand-alone – a feature that is for further study in the NCT WI.  In our view, a stand-alone NCT is not accessible by the legacy initial cell search procedure because, at power-on for example, all UEs should operate in Rel-8 mode before signaling UE capabilities and supported release to the network. As UEs are within the macro coverage area, an RRC_IDLE UE could first connect to a macro cell during initial cell search. Subsequently, RRC_CONNECTED mobility procedures can be used to hand over the UE to the small cell layer as shown in Figure 2. Therefore, it should be possible to provide such a UE with system information about the small cell layer including information on whether F2 is deployed as a NCT. Note that a revised mobility procedure is required for the NCT due to the unavailability of CRS for RRM measurements.
Observation: if initial cell search in RRC_IDLE mode is not permitted for a NCT carrier, it should be possible to provide an RRC_CONNECTED UE with system information for the small cell layer including carrier type (legacy or NCT).
3. Comparison of Solutions for location of PSS/SSS/DM-RS on NCT

3.1. New location for PSS/SSS
The first class of solutions – Alternatives 1a/1b – proposes moving the location of the PSS/SSS to avoid collision with DM-RS in the center 6 PRBs. Alternative 1a keeps the relative location of PSS/SSS for both TDD and FDD. This ensures that, similarly to Rel-11 cell search, coherent detection of SSS can be performed after PSS detection if the channel coherence time is longer than the relative spacing between PSS and SSS. An example of Alt 1a was proposed by [3] and is shown in Figure 3, where the proposed NCT mapping for PSS/SSS and tracking RS (TRS) is shown on the right side. One drawback of Alt. 1a is that even after detecting the duplexing mode based on the relative spacing between PSS and SSS, a separate and different kind of hypothesis test is required to determine the carrier type based on the PSS/SSS location within the subframe. For example, moving PSS/SSS in FDD to OFDM symbols 1 and 2 for FDD implies that the UE needs to determine whether PSS/SSS are located in symbols 6/5 (legacy) or in symbols 2/1 (NCT). However, for both Scenarios A and B in Section 2, this may not be a major issue if the carrier type can be signaled to the UE. 
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Figure 3 Example of a new PSS/SSS location maintaining relative spacing
Alternative 1b changes the relative spacing between PSS and SSS so that the UE can distinguish between duplexing mode and carrier type. Figure 4(a) shows an example from [4] whereas Figure 4(b) shows a different mapping where PSS precedes SSS position. Figure 4(b) allows for the possibility that the TRS is transmitted in the DwPTS. The benefit of Alternative 1b is that the UE can determine the carrier type but the drawback is that up to 4 hypotheses are required to determine duplexing mode and carrier type. However, we note that in most cases the duplexing mode is known from the E-UTRAN frequency band, which reduces the number of hypotheses to 2. Similarly to Alt. 1a, the UE can be signaled the carrier type for Scenarios A and B in Figures 1 and 2. 
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Figure 4 Example of a new PSS/SSS location with different relative spacing to distinguish carrier type and duplexing mode
3.2. Same location for PSS/SSS/DM-RS
The second class of solutions, Alternatives 3a/3b, proposes to keep the Rel-11 temporal locations of DM-RS and PSS/SSS. Alt. 3a punctures out DM-RS when it collides with PSS or SSS. While DM-RS puncturing degrades channel estimation, the impact may not be severe if NCT is only deployed for low mobility. Secondly, the eNB may schedule low MCS transmissions to reduce the impact of degraded channel estimation on spectral efficiency. Simulations provided in [5] seem to confirm this reasoning. Therefore, the main drawback to Alt. 3a is that a new channel estimation implementation is required.
In contrast, Alt. 3b proposes that PDSCH is not scheduled in PRBs containing PSS/SSS. This seems to be overly restrictive given that a primary motivation for NCT for both CA and stand-alone scenarios is DL overhead reduction – roughly 20% penalty for 1.4MHz. In any case, Alt. 3b can be seen as a special case of Alt. 3a as it should be up to the eNB to decide how/what to schedule in these PRBs i.e. there is no need to forbid it by specification. 
3.3. New location for DM-RS

It was earlier proposed to consider moving the DM-RS to avoid collision with PSS/SSS [6]. However, this wasn’t considered as a feasible approach because the suggested DM-RS pattern in [6] collided with PSS in the DwPTS and could also collide with CSI-RS. Moreover, it was difficult to agree on new DM-RS patterns/locations within the Rel-11 time frame. However, the Rel-10 DM-RS was designed for carriers containing a legacy control region and as such may not be optimal for the NCT. As NCT is not backward compatible it is desirable to maximize the benefits to justify why an operator would consider deploying a carrier as an NCT. 

Therefore we propose that RAN1 considers how much spectral efficiency gain is gained for NCT with a new DM-RS location taking into account collision with CSI-RS and low mobility use cases.
4. Conclusion

This contribution considered the existing proposals for resolving collisions between DM-RS and PSS/SSS for the NCT. We summarize our findings as follows:
1. For typical NCT scenarios of CA and a dedicated carrier for the small cell layer, it should be possible to provide an RRC_CONNECTED UE with information on the carrier type for synchronization.

2. Therefore, the optimal choice between Alts. 1a/1b/3a depends on testing and complexity in changing UE implementation of SSS detection, or DM-RS based channel estimation for the subframes containing PSS/SSS in the NCT.

a. We have a slight preference for Alt. 1b as it allows determination of carrier type and duplexing mode without additional side information from the network.
3. Consider how much spectral efficiency gain is gained for NCT with a new DM-RS location taking into account collision with CSI-RS and low mobility use cases.
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