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1   Introduction

In RAN1#66bis, a working assumption to introduce a new carrier type (NCT) that can be aggregated with a legacy LTE carrier was made. While some agreements on NCT were made in subsequent RAN1 meetings as part of LTE Rel11 work, this topic was postponed to Rel12. A new WID for NCT was agreed in RAN58 [1] and according to the WID, a new carrier type being aggregated with a legacy carrier has to be specified in the first phase of NCT work. We refer to the “New Carrier Type being aggregated with a legacy LTE carrier” as Phase I NCT. Work on specifying the Phase I NCT is ongoing in RAN1. 

Identification of scenarios for a standalone NCT and evaluation of benefits achievable with standalone NCT over those achieved from Phase I NCT and legacy LTE carriers (i.e., LTE Rel8/9/10/11) is also part of the first phase of NCT work. Standalone NCT is a non-backwards compatible carrier that is not aggregated to a legacy carrier. As indicated in the WID, standalone NCT (if agreed) will provide a broadcast mechanism to acquire system information, a common search space for EPDCCH and necessary mechanisms for UE mobility support. 
In this document we discuss some considerations related to standalone NCT operation.     
2   Discussion

‘CRS free’ operation
Minimization of legacy common reference signals is one justification given for NCT. Reduction of reference signals is generally expected to improve spectral efficiency due to overhead and interference reduction. Based on the current status of RAN1 discussions, it is expected that NCT will be operated using at least the following reference signals
· PSS+SSS

· CSI-RS

· Reduced CRS or R-CRS (i.e., transmission on 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity
· DMRS

· “UE specific DMRS” – DMRS with precoding that utilises UE feedback

· “Common DMRS” – DMRS with precoding that cannot utilise UE feedback

Impact of PSS/SSS and CSI-RS (i.e., overhead and interference) is expected to be similar on legacy carrier and NCT. 
Compared to CRS, R-CRS has smaller overhead and will cause less interference. The time/frequency tracking accuracy obtained from R-CRS is expected to be similar or worse than (e.g., for smaller bandwidths [2]) the accuracy that is obtained from legacy CRS ports. RAN1 is currently awaiting inputs from RAN4 [3] on the synchronisation accuracy provided by the R-CRS port and the suitability of R-CRS for RRM measurements.   
DMRS antenna ports 7-14 on legacy carriers are used for PDSCH demodulation when the UE is configured in tm8/9/10. DMRS antenna ports 107-110 on legacy carriers are used for EPDCCH demodulation when the UE is configured with EPDCCH. In legacy carriers, when DMRS is used in conjunction with PDSCH or localised EPDCCH, inter-cell interference caused by DMRS is more dynamically ‘controllable’ than CRS via appropriate precoding and RB selection based on UE feedback. We refer to such DMRS transmissions as “UE specific DMRS” transmissions.  However, for standalone NCT, DMRS would also be used for the following transmissions 

· Transmission of ePBCH (i.e. a PBCH based on DMRS)
· EPDCCH transmissions corresponding to common search space

· PDSCH transmissions carrying SIBs

· Distributed EPDCCH transmissions corresponding to UESS (when multiple UEs are configured to share the same distributed EPDCCH UESS)
· ‘ Fallback’ PDSCH transmissions to UEs from which feedback is either not available or not reliable
When DMRS is used for such transmissions, the interference caused is usually not controllable via precoding (i.e., the eNB has to use a wide beamwidth) and, in some cases, dynamic RB selection is also not possible (e.g. for EPBCH and common search space). We refer to such DMRS transmissions as “common DMRS” or “broadcast DMRS” transmissions. In RBs where common DMRS is transmitted, the inter-cell interference caused by common DMRS is similar to that of CRS. 
For CRS, collisions between CRS transmissions of different cells in the same RB are avoided (to some extent) by the use of cell specific frequency shifts. Since this mechanism is not available for DMRS, in scenarios where inter-cell interference is severe (e.g. when large CRE bias is used), transmissions from different cells have to be staggered at RB level and RB blanking has to be used to mitigate interference. The negative spectral efficiency impact of such interference mitigation mechanism depends on the amount of common DMRS based transmissions.

Since common DMRS based transmissions were generally not present in legacy carriers (especially up to Rel10, for Rel11 only distributed EPDCCH uses such transmission) and phase I NCT, their impact has not been studied in prior evaluations. However, for standalone NCT, since common DMRS based transmissions would replace CRS based transmissions, when comparing the performance of standalone NCT to that of legacy carriers, the impact of common DMRS based transmissions should be considered.
Energy efficiency

In LTE Rel10, RAN1 discussed energy savings during the SI on “Network Energy Saving” and concluded that “LTE supports energy efficient network operation within the Rel-8/9 RAN1 specifications”, and “LTE Rel-8/9 RAN1 specifications allow for implementation-based energy saving methods without compromising backward compatibility”. 

In LTE Rel11, RAN1 concluded that “Energy efficiency” is one of the main motivations identified for introducing phase I  NCT.  
In LTE Rel12, standalone NCT and cell dormancy [4] are two approaches that are being considered in the context of energy efficiency. In our view, an energy savings approach that allows the possibility to operate a carrier in a backwards compatible mode (i.e., cell dormancy) is more preferable to an approach that is not backwards compatible (i.e., standalone NCT). 
We also note that migrating to a DMRS+EPDCCH based structure for common transmissions does not inherently provide any energy savings, i.e., if the extra energy savings obtained by blanking some subframes is considered more important than retaining backwards compatibility, then retaining the legacy structure (i.e., retaining PBCH, PDCCH and same CRS RE locations/mapping) in the non-blanked subframes is a more straightforward option than creating a new system information delivery mechanism based on DMRS. 
3 Conclusions

In this document we discuss some considerations related to standalone NCT operation. We note that the impact of ‘common DMRS’ based transmissions should be taken into account while comparing standalone NCT with legacy/Phase I NCT. 

We have so far not identified clear justifications to migrate from the current LTE signalling structure (i.e., using CRS+PDCCH for common transmissions, and using CRS/DMRS+PDCCH/EPDCCH for UE specific transmissions on same/different carrier) to a signalling structure that has no legacy control or reference signal transmissions (i.e., standalone NCT).  
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