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1   Introduction

During RAN1#68 synchronization aspects for unsynchronized new carrier type were discussed and the following was agreed:
Conclusions: 
No new detection/acquisition signals will be designed for the NCT (except possibly new time/frequency configurations of existing signals) 
For non-synchronized new carriers: 
· Working assumption: Rel-8 PSS/SSS sequences are transmitted 
· Time-frequency location of PSS/SSS is FFS; baseline is as per Rel-8. For proposals for other time-frequency locations, benefits relative to baseline should be shown 
· Study further whether there is a benefit in preventing a Rel-8 UE acquiring the PSS/SSS of a carrier of the new type, and if so, how this might be done 
Aim to confirm the working assumption and close the FFS at RAN1#68bis. 
For what concerns transmission of Reference Signals (RS) on NCT, different options were discussed during RAN1#68 but no agreement was reached. An e-mail discussion on RS for the NCT was started after RAN1#68 mainly aiming at agreeing the requirements, scope and assumptions for evaluations of different RS schemes [6].
PSS/SSS for unsynchronized NCT is discussed in [4], and detailed simulation results for time and frequency tracking comparing different RS schemes for NCT are presented in [3]. In this contribution we present our general visions on NCT with respect to reduced/eliminated common reference signals (CRS) on NCT.
2   Configurability/removal of common channels

2.1   PDCCH 

It should at least be possible to configure the new carrier type without a PDCCH region so that PDSCH could be transmitted also in the first OFDM symbol of a subframe as this would increase the capacity of the shared channel as well as decrease the dependency on CRS.  As an alternative to cross-carrier scheduling from the corresponding PCell, ePDCCH can be used to schedule transmission on the new carrier type.
Proposal 1: On new carrier type, the first OFDMA symbol of a subframe can be used for PDSCH transmission.
3   Reference signals for new carrier types
The time and frequency tracking performance of different RS options for NCT are presented and discussed in detail in [3]. In addition to these performance aspects, implications to the UE implementation should also be taken into account in the design of the RS for Rel-11 new carrier type. Rel-11 specifications should aim at maximizing the re-use of existing UE implementation (cell identification, synchronization procedures, RRM measurements, etc.), which is essentially based on CRS. Already in RAN1#67 several companies pointed out that common signals (including CRS) cannot be fully disabled in a generic solution [1] [2]. Following this reasoning, the specification of a new RS structure to replace the existing CRS should be justified by significant gains. Based on these consideration and on the fact that the results in [3] show that CRS even with reduced transmission bandwidth would be enough to maintain time and frequency synchronization on new carrier type, we propose that the design of the RS structure for the new carrier type should be based on Rel-8 CRS. It is also worth noting that the UE RRM requirements like Cell identification and RSRP and RSRQ measurements in TS36.133 are defined based on CRS on the 6 PRBs in the middle of the channel bandwidth.
Proposal 2: There is no need to design new common reference signals for the new carrier type.
Some additional thoughts and proposals on configurable and reduced CRS transmission in frequency and time domain are reported in the following sections.

3.1

CRS reduction in frequency domain 

Reduced CRS transmission in frequency domain should be supported on new carrier type, at least to some extent. We propose to introduce in the specifications the possibility to configure the CRS bandwidth while keeping the legacy CRS structure within a PRB. For example, it should be possible to configure the new carrier type so that CRS are transmitted only on the central X PRBs. The value of X should be configurable. The configured CRS bandwidth should be enough to maintain synchronization and to support existing procedures like UE cell identification, RRM level measurements, etc. Only CSI-RS will cover the whole channel BW (see figure 1). Concerning the possible values of X, Rel-8 system bandwidths should be considered as the baseline, i.e. X = [6, 15, 25, 50, 75, 100]. It is FFS which values are supported. Note that the benefit of maintaining at least 6 PRB CRS bandwidth is that the impact on cell search procedure and RRM measurements in the UE is minimized, which is particularly important in unsynchronized deployments transmission.
Proposal 3: New carrier type should support reduced CRS transmission in frequency domain. It should at least be possible to configure new carrier types so that CRS are transmitted only on the central X PRBs. The value of X is configurable, however at least 6 PRB CRS bandwidth should be guaranteed.
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Figure 1 Example of common channels transmission on new carrier type with reduced CRS transmission in frequency domain
Furthermore, for CRS interference management purposes in HetNet scenarios we think it would be attractive to be able to configure the frequency location of the CRS bandwidth. In other words, the CRS transmission should not be limited to the central X PRBs of the NCT. An example configuration of the CRS region in HetNet scenario is illustrated in figure 2. When adjusting frequency location of CRS it is also important to ensure that legacy Rel-8/9/10 UEs are not able to camp on the NCT carrier as their initial access and other RRM related functionalities would not work properly. PSS/SSS aspects and how to avoid legacy UEs acquiring the PSS/SSS of a NCT carrier are discussed in more detail in [4].
Proposal 4: Allow configuration of the frequency location of the sub-band carrying CRS on a carrier of new type and ensure that legacy Rel-8/9/19 UEs are not able to camp on NCT carrier.
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Figure 2 Example of how configurable frequency location of CRS bandwidth on new carrier types could be used for CRS interference management purposes in HetNet scenarios.
3.2

CRS reduction in time domain 

Configurable and reduced CRS transmission in time domain could also be considered for new carrier type, the main reason being possible energy savings in the eNodeB from being able to completely switch off RF transmission during some subframes on new carrier type [5], as well as improved possibilities for interference management in e.g. HetNet scenarios. 
Note that CRS reduction in time domain is not completely new and something similar can already be done with MBSFN subframes on legacy carriers (though in this case CRS still need to be transmitted in the control region). Now, assuming that PDCCH is not transmitted on new carrier type it should also be possible to remove CRS in the control region. Though this might have some impacts to the RAN4 requirements, it should be noticed that RRM measurement time domain restrictions (and consequent RAN4 requirements) are already defined in the Release 10 specifications for eICIC purposes, which in practice mean that time domain reduction of CRS is possible without too big changes to legacy implementation. However, it is important that RAN4 is informed sufficiently early about CRS time domain reductions so that RAN4 requirements can be adjusted accordingly. 
Proposal 5: New carrier type should support configurable and reduced CRS transmission in time domain. Specific details are FFS.
The sensible minimum RS density in time domain needs further study taking into account e.g. RAN4 measurement and cell identification requirements. Different CRS time densities could be supported in Rel-11. The actually supported CRS time domain configurations and the way to switch among them in order to achieve energy savings at the eNB are FFS (though the number of supported time configurations should probably be kept quite low to limit the UE complexity). Potential reference configurations could be based on:
· TDD configuration 0 (2/10 DL + 2 special subframes)

· MBSFN subframe configuration (4/10 in FDD)
4   Summary
Proposal 1: On new carrier type, the first OFDMA symbol of a subframe can be used for PDSCH transmission.
Proposal 2: The design of the RS structure for the new carrier type should be based on Rel-8 CRS.
Proposal 3: New carrier type should support reduced CRS transmission in frequency domain. It should at least be possible to configure new carrier types so that CRS are transmitted only on the central X PRBs. The value of X is configurable, however at least 6 PRB CRS bandwidth should be guaranteed.
Proposal 4: Allow configuration of the frequency location of the sub-band carrying CRS on a carrier of new type and ensure that legacy Rel-8/9/19 UEs are not able to camp on NCT carrier.
Proposal 5: New carrier type should support configurable and reduced CRS transmission in time domain. Specific details are FFS.
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