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1 Introduction

This paper clarifies the motivations and scenarios for the new carrier type (NCT). Requirements for going forward are proposed. 
2 Priorities for NCT 
The three drivers identified at the start of the work item were enhanced spectral efficiency (overhead reduction), improved support for HetNet (interference reduction) and energy efficiency. While the goals of NCT may have seemed to be a moving target, RAN1 has been focusing on evaluating the performance gains of NCT over a legacy backward compatible carrier, where overhead reduction and interference reduction benefits are seen coupled in throughput gains mostly studied in HetNet [1]. There has been no evaluation of the potential energy savings gains; although one can expect that for some network deployments, certain eNB implementations could ensure some amount of energy savings via the reduction of common reference signals.
Observation 1: RAN1 has focused on the throughput gains of NCT obtained by overhead and interference reduction in HetNet, thereby prioritizing throughput enhancements in HetNet over energy savings.
The evaluations conducted according to the agreed simulation assumptions were focusing on homogeneous macrocell deployments, co-channel HetNet deployments (small cell scenario 1) and separate frequency HetNet deployments (small cell scenario 2a). In the HetNet deployments, the comparison was performed against the legacy backward compatible carrier (BCT) with almost blank subframes using Rel-10 eICIC or Rel-11 FeICIC (with CRS interference cancellation), emphasizing the application of the NCT with non-ideal backhaul between eNodeBs. Co-channel operation of an NCT and a BCT has not been studied.
Observation 2: RAN1 has focused NCT evaluations on scenarios with ideal and non-ideal backhaul between carriers (small cell scenarios 1 and 2a), as well as single carrier macro networks.
3 Definitions for NCT 
Two different flavors of the NCT have been discussed: standalone and non-standalone. The non-standalone NCT was originally defined as an aggregated carrier, i.e. it operates in connected mode where a BCT acts as PCell and NCT acts as SCell using intra-eNB carrier aggregation, or as an assisted carrier where a BCT acts as MeNB and NCT acts as SeNB using inter-eNB multi-stream aggregation as defined in the higher-layer study on small cells. A standalone NCT, on the other hand, can operate without assistance from a BCT, i.e. it supports transmission of synchronization signals, system information and paging for idle and connected mode UEs. 
In the event that only standalone NCT would be specified, there was some discussion in RAN1 about what a non-standalone NCT would be and whether non-standalone NCT would be defined at all. Considering that a carrier transmitting synchronization signals, system information and paging can be aggregated or assisted, it seems obvious that a standalone NCT can be aggregated with or assisted by a legacy carrier. Therefore, a non-standalone NCT should only be understood as not transmitting system information and/or paging. 
Observation 3: a non-standalone NCT should only be understood as not transmitting system information and/or paging.

A WF at RAN1#74 [2][3] proposed to handle NCT and small cell on/off in a single dynamic DTX concept with enhanced transmission mode 10 on a Rel-12 LTE carrier, as well as a potential new discovery signal. This is basically similar to the current NCT agreements, i.e. creating a non-backward compatible carrier when DTX is in operation, except for the following points:

· Allowing demodulation on CRS ports 
· Allowing to turn off subframes 0 and 5 (i.e. PSS/SSS and CRS)
· Mandatory transmission of a discovery signal

· Enhanced TM10 allows to seamlessly DTX subframes for Rel-12 UEs, while other transmission modes are unchanged and require CRS in every subframe (for legacy UEs and legacy TMs)

· Unclear whether this would be standalone (system information, paging) or only non-standalone
While this approach of discontinuous transmission of CRS (CRS-DTX) could help minimize standard impact for the reduction of overhead and interference due to CRS (e.g. no new antenna port), it should be clarified which channels would be allowed to be demodulated by CRS. In one sense, allowing the demodulation over CRS would enable the transmission of PBCH, PCFICH, PHICH, PDCCH in the common search space, and PDSCH carrying system information and paging. Thus the proposal in [2][3] appears to be beneficial for reducing specification effort for standalone operation. Reduction of standard effort for non-standalone operation can also be expected. The use of CRS for demodulation can also simplify the evolution from non-standalone to standalone operation if only non-standalone operation is specified in Rel-12.
Observation 4: CRS-DTX could help minimize standard impact for the reduction of overhead and interference due to CRS, but it should first be determined how it is applicable in terms of standalone vs. non-standalone operation, in relation to the channels allowed to be demodulated by CRS.
4 Backward compatibility and load balancing for NCT 
A carrier frequency operating the NCT is not accessible to legacy (Rel-8-11) UEs unless that carrier stops transmitting NCT signals and starts transmitting legacy signals. Since BCT and NCT would be allowed to operate in the same LTE bands, it would be a matter of implementation to switch between NCT and BCT operation. This could be achieved more or less efficiently for Rel-12 UEs, if standard effort was put to minimize the impact to Rel-12 UEs, as in [2][3]. 

Loss of friendliness to legacy UEs is not new to LTE. Unicast transmission in MBSFN subframe was introduced in Rel-10. It is backward compatible, but reduces resources available for Rel-8/9 UEs, as shown in Fig. 1. As few as 40% of resources may be available to pre-Rel-10 UEs with 6 MBSFN subframes per frame, while an NCT associated with a BCT still leaves 50% of resources for pre-Rel-12 UEs.
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Figure 1 – Legacy friendliness of LTE features
Observation 5: The introduction of NCT is comparable to the introduction of unicast transmission in MBSFN subframes in terms of impact to UEs of earlier releases.
If it was decided to specify a standalone NCT, it would be desirable that all Rel-12 UEs support the NCT. Otherwise, a carrier frequency operating the NCT would not be accessible to legacy UEs and to some Rel-12 UEs. With standalone NCT, Rel-12 UEs that would not support intra-eNB carrier aggregation or inter-eNB multi-stream aggregation (MSA) could still be able to access the standalone NCT. 
On the other hand, as demonstrated by a number of companies in RAN1, specifying a non-standalone NCT without a standalone NCT should preferably be accompanied by mechanisms to allow the network  to perform load balancing across carriers. This effect was concluded at RAN1#73:
· In scenarios where CA is relevant, the gains of S-NCT compared to NS-NCT depend on the proportion of CA-capable UEs and are large when the proportion of non-CA-capable UEs is not small.
This effect is not only due to the presence of non-CA-capable Rel-12 UEs, but also exists in the presence of Rel-12 UEs not capable of multi-stream aggregation. Such UEs may just be capable of reception on a single carrier. This could also happen for CA/MSA capable UEs if the NCT band is not in a supported band combination, even though these UEs may support that band outside a band combination. 
The load balancing effect could be mitigated by ensuring that a maximum of Rel-12 UEs are capable of operating on a non-standalone NCT without requiring the complexity of CA/MSA. For example, those UEs that do not support CA or MSA could just support downlink reception on one carrier in one subframe and uplink transmission on one carrier in one subframe, while being able to switch between BCT and NCT in different subframes. Such low complexity UEs should still be supported in Rel-12.
Observation 6: all (or the majority) of Rel-12 UEs should be able to receive PDSCH on a non-standalone NCT if only non-standalone NCT is specified in Rel-12.
Based on these observations, if the group desires to pursue certain features of the proposal in [2][3], the NCT work item should be revised to focus on CRS-DTX in any subframe except 0 and 5.
Proposal: Standardize standalone NCT only, or non-standalone NCT (intra-eNB CA and inter-eNB MSA operation) including support of downlink reception by a UE on a single carrier at a time. Revisions to the WID based on CRS-DTX (except in subframes 0 and 5) and an enhanced transmission mode 10 may be considered to reduce the specification effort.
5 Conclusion

In this contribution we discussed the priority of main drivers and scenarios of NCT and analyzed some key aspects for enhanced spectral efficiency. Based on this we made the following observations and proposal.
Observation 1: RAN1 has focused on the throughput gains of NCT obtained by overhead and interference reduction in HetNet, thereby prioritizing throughput enhancements in HetNet over energy savings.
Observation 2: RAN1 has focused NCT evaluations on scenarios with ideal and non-ideal backhaul between carriers (small cell scenarios 1 and 2a), as well as single carrier macro networks.
Observation 3: a non-standalone NCT should only be understood as not transmitting synchronization signals and/or system information and/or paging (no direct relation to intra-eNB CA and inter-eNB MSA).

Observation 4: CRS-DTX could help minimize standard impact for the reduction of overhead and interference due to CRS, but it should first be determined how it is applicable in terms of standalone vs. non-standalone operation, in relation to the channels allowed to be demodulated by CRS.
Observation 5: The introduction of NCT is comparable to the introduction of unicast transmission in MBSFN subframes in terms of impact to UEs of earlier releases.
Observation 6: all (or the majority) of Rel-12 UEs should be able to receive PDSCH on a non-standalone NCT if only non-standalone NCT is specified in Rel-12.

Proposal: Standardize standalone NCT only, or non-standalone NCT (intra-eNB CA and inter-eNB MSA operation) including support of downlink reception by a UE on a single carrier at a time. Revisions to the WID based on CRS-DTX (except in subframes 0 and 5) and an enhanced transmission mode 10 may be considered to reduce the specification effort.
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