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1
Introduction
The discussions in the New Carrier Type WI focuses currently on the assessment of benefits of NCT stand-alone operation, and the identification of scenarios, in which stand-alone NCT (S-NCT) provides benefits compared to either non-stand-alone NCT (NS-NCT, i.e. NCT as an SCell) or Backward Compatible Carrier type (BCT). In RAN1#72bis, following points were identified as next steps towards RAN1#73: 
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

Samsung – need to see the proof of the benefits of NCT as a whole compared to BCT. 

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

Note: NS-NCT requires Rel-10 CA. 

Companies are invited to check the views in R1-131764 when preparing their input to RAN1#73.

This contribution discusses various scenarios, including those studied in the Small Cell Physical Layer Enhancements SI.
2
Scenarios for Stand-Alone NCT
2.1
Benefits of S-NCT compared to BCT
During the discussions at RAN1#72bis, the pros and cons of S-NCT compared to NS-NCT were discussed and captured in the chairman’s notes. As also noted in the previous sections, the reference should include also backward compatible carriers and its currently investigated evolutions in other study and work items (e.g. small cell enhancements, eIMTA, etc.). Therefore we would encourage the RAN1 community to also create and capture a corresponding list comparing the benefits and drawbacks of S-NCT compared to backward compatible carriers.

Proposal: Create a pros/cons analysis of S-NCT also with respect to backward compatible carriers, similarly as has been done with respect to NS-NCT during RAN1#72bis.
2.2
Evaluation of Scenarios for S-NCT
Based on RAN1#72bis discussions, one of the key aspects to consider is the applicability and the benefits of S-NCT compared to NS-NCT and BCT in various scenarios of interest. Table 1 list some of the main scenarios, including the one identified in the small cell studies. 
Table 1: Applicability of S-NCT and NS-NCT in various scenarios.
	Scenario
	Macro
	Small cell
	Comment 

	Small cell  scenario 1

	BCT
	BCT
	-

	
	BCT
	NCT
	In the case of ideal backhaul this scenario corresponds to CoMP scenario 4. The benefit of NCT is unclear. 
In the case of non-ideal backhaul, the applicability of dual-connectivity needs to be studied / clarified first.

	
	NCT
	NCT
	This scenario is not suitable for NCT due to lack of coverage for legacy users.

	
	NCT
	BCT
	This scenario is not suitable for NCT due to lack of coverage for legacy users.

	Small cell  scenario 2

	BCT
	BCT
	-

	
	BCT
	NCT
	In case of ideal backhaul, this corresponds to CA. S-NCT reduces spectral efficiency on the small cell compared to NS-NCT (added overhead due to EPBCH, EPDCCH CSS etc.)

In the case of non-ideal backhaul the applicability of dual connectivity needs to be studied / clarified first.

	
	NCT
	NCT
	This scenario is not suitable for NCT due to lack of coverage for legacy users.

	
	NCT
	BCT
	This scenario is not suitable for NCT due to lack of coverage for legacy users.

	Small cell  scenario 3
	-
	BCT
	-

	
	-
	NCT
	This scenario is not suitable for NCT due to lack of coverage for legacy users.

	Macro only

	BCT
	
	-

	
	NCT
	
	This scenario is not suitable for NCT due to lack of coverage for legacy users.


From Table 1 it can be observed that the use cases for S-NCT are rather limited. Firstly, one may assume that the network operator needs to guarantee coverage for legacy UEs throughout the whole network. This makes it impractical to deploy NCT on the macro coverage layer, limiting the use case of NCT to mainly small cell operation in the cases where also macro coverage for the legacy UEs exists.  
Observation: Macro deployment of NCT appears to be unattractive as the coverage of legacy UEs is compromised. 

Considering the small cell operation in comparison to NS-NCT, the benefit of S-NCT is, that it can provide service for the non-CA capable UEs. However, by the time NCT is ready to be deployed, the proportion of CA capable UEs may already be quite high. From the spectral efficiency point of view S-NCT cannot perform as well as NS-NCT as several channels and functionalities need to be added on top of NS-NCT in order to enable stand-alone operation, hence increasing the overhead. At least EPDCCH CSS, EPBCH, and other system information related signalling would need to be conveyed on S-NCT. 
Observation: The spectral efficiency of S-NCT is lower than that of NS-NCT due to additional common channels.

3
Further considerations 
3.1
Proportion NCT and CA capable UEs
The applicability of NCT depends naturally on the penetration rate of NCT feature in the UE. Depending on the NCT and CA capabilities, a few distinct classes of UEs can be identified.

	CA capability
	NCT capability
	Comment

	No
	No
	A typical “legacy” UE (Rel-8/9/10/11) with no CA capability

	Yes
	No
	Rel-10/11 CA-Capable UE

	Yes
	NS-NCT
	Rel-12 UE

	No
	S-NCT
	Rel-12 (?) UE

	Yes
	S-NCT
	Rel-12 (?) UE


In today’s LTE networks nearly all UEs are non-CA capable. However, roll-out of CA capable UEs and networks is expected start soon and the proportion of CA capable UEs is expected to increase somewhat rapidly over the next couple of years. 

NCT, if specified in Rel-12, will only become commercially available several years from now. This is the case especially for S-NCT, which requires clearly more significant specification implementation, testing etc effort as all the basic LTE functionalities are redesigned at least to some extent. One may anticipate that by the time NCT would be ready for markets, vast majority of smart mobile devices are LTE UEs (either CA capable or not). Legacy UE population of tens or hundreds of millions of UEs makes it extremely complicated and impractical migrating from backward compatible LTE networks to NCT, as that would mean precluding LTE operation on the given carrier for all Rel- 8/9/10/11 UEs. Also, given the complexity of S-NCT, it is not clear that even all Rel-12 UEs will support it. Furthermore, the roll-out of S-NCT might create some challenges in IOT possibilities as the introduction of the feature in the operators networks will already depend on a reasonably large NCT capable UE population. 
Observation: By the time NCT is ready for market, there will exist a very significant legacy UE population (both CA and non-CA capable), unable to get service on NCT.
3.2
Load balancing
One point raised during RAN1#72bis in favour of standardization on S-NCT was load balancing. Compared to the case when NS-NCT is deployed for one of the carriers, S-NCT has the benefit of enabling load balancing for non-CA Capable UEs. However, if in a scenario where load balancing is of great interest, deploying any kind of NCT is not a sensible solution, as none of the legacy UEs are able to benefit from load balancing. Therefore, if load balancing is sought after, the most natural option is to deploy only backward compatible carriers.

Observation: From load balancing point of view, deployment of any type of NCT makes little sense as legacy UEs are not able to access the carrier and therefore deploying a backward compatible carrier is the most natural choice. 

3.3
Energy efficiency and interference mitigation  
Two of the initial targets for NCT have been improved network energy efficiency as well as improved possibilities for interference mitigation. Both two benefits are a result of NCT frame structure: common signals are transmitted only in every 5th subframe, allowing for the eNB transmitter to be turned off for up to 80 % of the time during low network load. Note, that the same objective can be achieved by specifying enhancements on top of backward compatible carriers through eNB dormancy as well as specifically for TDD through eIMTA.
As discussed in section 3.1 the main envisionable use cases for NCT are in the small cell scenarios. On the other hand, in the currently ongoing small cell physical layer enhancements SI enhancements for very similar use cases are currently being considered including [72bis meeting report]:
· small cell DTX

· carrier selection

· eICIC (possibly with enhancements)

· downlink power adaptation

· cell selection enhancements

In order to avoid overlapping work and multiple solutions for similar purposes being standardized, we recommend to further consider the significance of NCT energy saving and interference mitigation potential, considering other complementary techniques as e.g. listed above.

Observation: When considering the NCT energy saving and interference mitigation potential, other complementary techniques studied for e.g. small cells and interference cancellation will need to be taken into account in the evaluation.
4
Conclusions
In this contribution we have provided a comparison between Stand-Alone NCT and Non-Stand-Alone NCT as well as Backward Compatible Carrier Type. Firstly, regarding the pros/cons analysis we make the following proposal:
Proposal: Create a pros/cons analysis of S-NCT also with respect to backward compatible carriers, similarly as has been done with respect to NS-NCT during RAN1#72bis.
Furthermore, considering the potential deployment scenarios for S-NCT as well as the aspects to consider in the analysis we observe:

Observation: Macro deployment of NCT appears to be unattractive as the coverage of legacy UEs is compromised. 

Observation: The spectral efficiency of S-NCT is lower than that of NS-NCT due to additional common channels.

Observation: By the time NCT is ready for market, there will exist a very significant legacy UE population (both CA and non-CA capable), unable to get service on NCT.
Observation: From load balancing point of view, deployment of any type of NCT makes little sense as legacy UEs are not able to access the carrier and therefore deploying a backward compatible carrier is the most natural choice. 
Observation: When considering the NCT energy saving and interference mitigation potential, other complementary techniques studied for e.g. small cells and interference cancellation need to be taken into account in the evaluation.
