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1 Introduction
At RAN1 #72bis the scenario and perceived gains and drawbacks with a standalone NCT was discussed. The following observations with respect to the benefits and weaknesses of a standalone NCT were made [1]:
Conclusion: 

For the purpose of S-NCT evaluation, it is assumed that at least the following are supported on S-NCT:

· reception of MIB info and system info

· paging

· initial access (including RAR)

· CSS

Observations: 
· Benefits cited for S-NCT compared to NS-NCT:

· Throughput increase and load balancing in the presence of non-CA-capable UEs

· S-NCT can be PCell

· can support PUCCH offloading (but could be provided without S-NCT)

· S-NCT can provide the benefits of NCT (increased spectral efficiency (less than NS-NCT when compared with BCT), improved het net support, energy saving) in additional scenarios compared to NS-NCT, e.g.:

· non-ideal backhaul to the site hosting the BCT

· single carrier co-channel het net

· new frequency bands

· legacy carrier coverage holes (if legacy UE support is not required)

· S-NCT may be able to provide greater energy saving than NS-NCT (if legacy UE support is not required)

· Can avoid CA by using a single carrier of larger BW

· Can support MBMS for IDLE UEs

· Reasons cited against S-NCT

· Additional specification effort beyond what is needed for NS-NCT:

· DM-RS based PBCH (or TDM legacy and new subframes to enable existing PBCH to be reused)

· CSS on EPDCCH (but may be useful even without S-NCT)

· Mobility support for IDLE mode

· RLM

· Possibly EPHICH

· Benefits could be provided by other means, e.g. 

· macro-assisted NS-NCT

· details FFS (E///: macro-assisted NS-NCT may need S-NCT)

· eNB dormancy

· details FFS

· If S-NCT is used to replace both BCT and NS-NCT, no support for legacy UEs

It was further agreed:
Next steps for RAN1#73:

· Discuss further the above pros and cons 

· Consider some scenarios where the greatest benefits of S-NCT are claimed, and in those scenarios assess the benefits of S-NCT w.r.t. BCT, and w.r.t. BCT+NS-NCT when applicable:

· SCE scenario 1 with non-ideal backhaul from small cells to macro

· (co-channel, so NS-NCT is not applicable)

· SCE scenario 2a with non-ideal backhaul from small cells to macro

· (macro coverage exists, but non-ideal backhaul presents challenges for NS-NCT)

· SCE scenario 3

· (macro-coverage non-existent so NS-NCT is not applicable)

· Macro-only scenario

· single carrier (NS-NCT not applicable)

· dual carrier CA

· Include consideration of:

· load balancing

· relative complexity for UEs to support CA vs NCT

· proportion of non-CA-capable UEs

· proportion of NCT-capable UEs

· handling of non-NCT-capable UEs

In this contribution, we further discuss the benefits of standalone NCT.
2 Discussion
2.1 Energy efficiency benefits

Power efficiency in the infrastructure is an essential part of further evolution of LTE for reducing CO2 emissions and OPEX of LTE networks. We reach the following observations and conclusions from the investigation on energy efficient LTE network operations detailed in [2].

· Macro base stations and the coverage layer nodes still dominate the total power consumption of an operator’s entire LTE network even with aggressive densification.

· New carrier type provides substantial energy saving at all traffic loads of the network.

· Energy saving gains of the new carrier type relative to the legacy carrier type increase with the efficiency of the hardware and can be up to 70% additional saving.

For an extended period of low average traffic load in a service area, energy savings can be achieved with a combination of solutions: the nodes in the capacity layer can be turned off and energy consumption reduction of the coverage layer can be provided by the new carrier type. Since the coverage layer provides services to both CONNECTED and IDLE state UEs, the new carrier type needs to be capable of standalone operations in order to be deployed in the coverage layer. For an extended period of high average traffic load in a service area, energy savings can be achieved by deploying the new carrier type in all nodes. Standalone mode new carrier type will be needed for both layers. The capacity layer may optionally operate a combination of standalone and carrier aggregation modes for certain scenarios. 

Table 1 LTE infrastructure energy efficiency solutions.

	
	Extended period of 
low average traffic load
	Extended period of 
high average traffic load

	Capacity layer
(macro + LP nodes)
	Node deactivation
	Standalone (and CA) NCT

	Coverage layer
(macro nodes)
	Standalone NCT
	Standalone NCT


It is clear from the above discussion that node deactivation is a complementary solution to handle the specific case of capacity layer nodes during an extended period of low average traffic loads. However, node deactivation cannot provide energy efficiency in the other cases:

· The coverage layer nodes, which continue to constitute 57% of an operator’s network energy consumption even under an aggressive densification scheme [2], cannot be turned off regardless of the average traffic loads. Only standalone NCT can achieve substantial energy saving.

· During extended period of high average traffic load, the network nodes, large or small, need to remain responsive to handle dynamic user data traffic demands. Node deactivation during such extended period will reduce system capacity and degrade user experience. On other hand, NCT has been shown to provide substantial energy savings at all traffic load while achieving higher system and user throughputs than legacy carriers [2][8].
Therefore, node deactivation is applicable to limited situations and is not a substitute for standalone NCT operations. Standalone mode new carrier type is an essential and integral component of long-term energy efficiency improvement solutions for LTE infrastructure.
Observation 1: Standalone mode new carrier type is an essential and integral component of long-term energy efficiency improvement solutions for LTE infrastructure. Node deactivation is applicable to limited situations and is not a substitute for standalone NCT operations.
2.2 MBMS support

On a legacy LTE carrier, a UE needs to have the correct MCCH configuration to receive the PMCH. The MCCH configuration is broadcast in SIB13, which also carries the notification signal. For a UE configured with carrier aggregation, no MBMS related system information is sent with dedicated signalling. The UE has to acquire MBMS system information sent on the MBMS cell by itself. With this information, a Rel-11 UE that is carrier aggregation capable is able to receive an MBMS service on the SCell. The broadcast information further enables UEs to receive MBMS transmissions in IDLE mode. 

Table 2 Support for various MBMS configurations in Rel-11.

	
	IDLE mode
	CONNECTED mode

	PCell
	Supported
	Supported

	SCell
	-
	Supported


The issue and solutions of supporting MBMS services on the new carrier type were discussed extensively in RAN2#81bis [3]. In the RAN2 LS reply to RAN1, it was stated that 

· RAN2 has concluded that if MBMS reception is to be supported on NCT, UEs supporting MBMS reception on NCT shall be able to perform it in RRC_IDLE and RRC_CONNECTED.

· RAN2 identified as the main issue how to provide MBSFN subframe configuration of NCT (if needed at all), SIB13 for NCT and SIB15
The RAN2 LS reply further discusses three possible solutions to provide MBSFN related information to both RRC_IDLE and RRC_CONNECTED UEs and finds the preferred solution is that such information should be provided on the NCT. 

The preferred solution of providing high-performance MBMS services on an NCT carrier from RAN2’s point of view is to broadcast the MBMS related system information on the NCT carrier. The NCT carrier needs to be capable of broadcasting MBMS service related SIB and to send paging for IDLE UEs camping on the NCT carrier. That is, the features needed for providing high-performance MBMS service are essentially the same as enabling standalone NCT operations.. 
It is further discussed in [5] that the standalone NCT allows for significant further optimizations of the MBMS service. It is possible to design the paging configuration on the NCT to enable more MBSFN subframes within a radio frame. It may also be possible to allow more flexible MBMS resource management on the NCT and to provide more robust control channels in MBSFN subframes.
Observation 2: For efficient MBMS operations and support for both CONNECTED and IDLE UEs, it is justified to define standalone mode operations for the new carrier type. MBMS services can be further optimized on the NCT including use of more than six MBSFN subframes within a radio frame.
2.3 Deployment scenarios and enhanced system performance
In [6] and [7], we discuss different deployment possibilities for the NCT considering both SCell-only and standalone NCT operation modes. 
· It is observed that the standalone NCT operation mode is the only way to effectively utilize NCT deployments where different nodes are connected with non-ideal backhaul. 
· It is further observed that restricting the NCT to SCell-only operations would mean that the NCT cell can only be operated under PCell (LCT) coverage. It follows that cell selection offset (CSO) is restricted to be the same on both the LCT and NCT cells and no additional overloading can be provisioned. Additional heterogeneous network performance improvements using NCT cannot be obtained due to this restriction.
· A network deployed with SCell-only NCT has restricted applicability, low performance or high UE cost/complexity requirement. The network cannot perform load balancing between the LCT and the SCell-only NCT cells well when there are non-CA capable UEs. Studies have shown system performance can degrade substantially.

Standalone NCT is applicable in more deployment scenarios and can address problems/weaknesses identified in the above. 

· It should be noted that a standalone NCT cell can also be operated in carrier aggregation mode with another cell, while still allowing load balancing between the cells. Such a deployment can also enable load sharing of the UL control signalling. That is, the uplink can be directed to the cell with the lowest pathloss thereby reducing UE energy consumption and increasing UE throughput. It can be deployed with either a low latency backhaul or with a non-ideal backhaul. 
· Macro-assisted operation is currently on-going in RAN2 within the small cell higher layer SI. It is observed that if a UE that is operating in macro-assisted operation cannot be assumed to have coverage from more than one cell at all time, the NCT would need to handle standalone operation. It is observed that, if it is decided in the first phase of the NCT, not to support standalone operation without considering macro-assisted operation, the need for standalone NCT would need to be revaluated based on the macro-assisted design.

In [8], we provide extensive system and user throughput evaluation results for NCT network deployments. 
· For single-frequency macro-only network, NCT is found to provide around 70% mean and 5th percentile user throughput gains across all system traffic loads and system capacity gain of 100% is achieved at a mean user throughput rate of 15 Mbps. 

· For single-frequency heterogeneous deployment Scenario 1 with non-ideal backhaul, NCT is found to provide around 70% mean user throughput gains and 100—250% 5th percentile user throughput gains over the LCT assuming the same 6dB CSO setting. A system capacity gain of 30% is achieved at a mean user throughput rate of 15 Mbps.

· For dual-frequency heterogeneous deployment Scenario 2a with non-ideal backhaul, NCT is found to provide around 90% mean user throughput gains and  150—250% 5th percentile user throughput gains over the LCT assuming the same 6dB CSO setting. A system capacity gain of 40-50% is achieved at mean user throughput rate of 15 Mbps depending on CSO level.

· It’s further noted that the NCT may be operated at even higher CSO in heterogeneous deployments and provides more performance enhancements.
Furthermore, the removal of CRS and PDCCH control region allows the NCT PDSCH to carry more bits per RB and achieves higher spectral efficiency. The analysis in [9] shows that, given the same level of control channel overheads, the NCT can achieve higher peak throughputs than LCT if the TBS signalling mechanism can support the NCT to use larger transport block sizes (TBS). There are 15% and 11% throughput gains provided by the NCT when compared to the LCT TM10 and LCT TM10 with maximum MBSFN configuration. Even higher system capacities and user rates than quoted in the above can be expected when the revised TBS signalling method for achieving higher data rates from [9] are deployed.
Observation 3: From an NCT deployment and performance enhancement perspective, it is justified to define a standalone NCT.
2.4 3GPP impact of standalone NCT standardization

For the standardization of the SCell-only NCT when operating in carrier aggregation mode with a legacy carrier, extensive functionalities and operation details are specified. 

· For cell search and synchronization, primary and secondary synchronization signals (PSS and SSS) similar to those in Rel-8 have been adopted.

· For time and frequency tracking, the extended synchronization signal (ESS) based on Rel-8 CRS port 0 with time periodicity of five subframes has been agreed. 

· RRM measurement needs to be performed. 

· Transmission mode details are currently under discussion.
· Applicability of EPHICH can be considered. This feature may be beneficial for macros operating SCell-only NCT.

· To support multiple timing advances, random access procedures on NCT SCell should also be defined. This feature is needed since many companies envision using SCell-only NCT picos in carrier aggregation with macro cells.
The SCell-only carrier aggregation mode of the new carrier type does not provide backward compatibility to legacy UEs. A new carrier type is therefore not accessible to legacy UEs regardless whether the new carrier type carrier supports standalone or carrier aggregation operations. Furthermore, it should be noted that introducing the carrier aggregation mode and the standalone mode in two separate LTE releases is highly undesirable. If two incompatibility steps are created, the network will have to handle three types of UEs with different compatibility and understanding of the system. This substantially increases operators’ CAPEX on terminal and infrastructure (caused by higher development costs) and OPEX of the network (caused by operation complexity and inefficiency).
It is highly beneficial to have common and compatible new carrier type design for carrier aggregation and standalone modes. The above designs for carrier aggregation operation can form the foundation for standalone operation. It’s also reasonable to assume the Rel-8 two-step system information distribution approach can be reused. Therefore, to standardize a standalone new carrier type, only three additional aspects need to be investigated.

· For standalone new carrier type, a master information block (MIB) broadcast mechanism needs to be specified. 

· The resource location of EPDCCH common search space (CSS) needs to be specified. The definitions of logical search spaces for different aggregation levels from Rel-11 can be largely reused.

· Radio link monitoring needs to be defined.
It then follows that the system information blocks (SIB), paging and random access response can be scheduled by CSS EPDCCH with SI-RNTI, P-RNTI and RA-RNTI, respectively. 
Based on the above analysis, “mobility support for IDLE mode” identified in the last meeting does not require additional standardization work incremental to SCell-only NCT and the above three standalone NCT works. First, the IDLE UE can perform cell search and measurement on the PSS/SSS/ESS. It can then read from EPBCH and SIB scheduled by CSS EPDCCH whether it can camp on the NCT cell. If camping is permitted, the IDLE UE can perform random access to request resources for sending tracking area update. The RA response and subsequent paging from the NCT cell to the IDLE UE can be sent via CSS EPDCCH. Therefore, there is no additional standardization work for supporting IDLE UE mobility.
Observation 4: SCell-only and standalone operation capabilities for NCT should be introduced in the same LTE release to avoid unnecessary increase in operators’ CAPEX and OPEX. The signals and operations specified for the SCell-only NCT mode are fully applicable to standalone NCT mode. Only three incremental functions need to be completed for standardizing the standalone mode.
3 Conclusions

In this contribution, we discuss various features and aspects that are enabled by standalone operation of the new carrier type. We made the following observations from the discussion:
· Standalone mode new carrier type is an essential and integral component of long-term energy efficiency improvement solutions for LTE infrastructure. Node deactivation is applicable to limited situations and is not a substitute for standalone NCT operations.

· For efficient MBMS operations and support for both CONNECTED and IDLE UEs, it is justified to define standalone mode operations for the new carrier type. MBMS services can be further optimized on the NCT including use of more than six MBSFN subframes within a radio frame.
· From an NCT deployment and performance enhancement perspective, it is justified to define a standalone NCT.

· SCell-only and standalone operation capabilities for NCT should be introduced in the same LTE release to avoid unnecessary increase in operators’ CAPEX and OPEX. The signals and operations specified for the SCell-only NCT mode are fully applicable to standalone NCT mode. Only three incremental functions need to be completed for standardizing the standalone mode.

Based on the above findings, we have the following proposal:

Proposal: It is justified to standardize the new carrier type for standalone operations.
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