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1 Introduction 
Extensive discussion on the benefit of standalone NCT (S-NCT) in RAN1#73 reached the following conclusion:

Conclusions:

· 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

· Note that, although it is not directly part of the above comparison, some companies have shown that BCT has similar gain over NS-NCT in such scenarios

· In the absence of legacy UEs, the gains of S-NCT compared to BCT show a large spread between different companies 

· Study further
In RAN#60, it was further discussed how to proceed with this WI, e.g., whether to standardize S-NCT and/or NS-NCT and in which releases. No conclusion was reached. So RAN1 needs to continue the discussion, and the decision on the WI will be made in RAN#61.
Previously we have shared our views on S-NCT in [1]

 REF _Ref363775911 \r \h 
[2]. In this contribution, we will discuss this topic further.
2 Discussion
S-NCT and NS-NCT

During the RAN#60 plenary discussion, diverse views from different companies demonstrated that the motivation and the deployment scenarios have not been very clear so far for either NS-NCT or S-NCT. Therefore a decision was taken in RAN#60 that NS-NCT and S-NCT will be on an equal footing, and both will be discussed again in RAN#61 to decide whether one or both will be standardized, and in which release, regardless of the fact that NS-NCT was already approved in the WI.

It is generally recognized that S-NCT, compared to NS-NCT, can provide the general benefits of NCT in more scenarios and for more UEs. In our previous contributions [1]

 REF _Ref363775911 \r \h 
[2], we recommended that either both NS-NCT and S-NCT be standardized in the same release, or neither of them be standardized. Given that the question of whether to standardize NS-NCT is reopened, it makes sense to look at all different options now:

(a) Standardize neither NS-NCT nor S-NCT

(b) Standardize both NS-NCT and S-NCT in the same release

(c) Standardize NS-NCT in one release and S-NCT in a later release

(d) Standardize NS-NCT only

(e) Standardize S-NCT only

The first 4 options have been discussed, but option (e) has not.

· Given that S-NCT brings benefits in more scenarios than NS-NCT, it cannot be well justified to standardize NS-NCT only. Therefore option (d) does not make much sense.

· How to choose between (a) and (b)/(c)/(e) depends on whether the gain of NCT is significant enough to make it worthwhile to break the backward compatibility.

· If the gain is proved to be significant enough, the choice needs to be made between (b), (c) and (e). Since S-NCT provides all the benefits that NS-NCT has, standardizing NS-NCT on top of S-NCT does not seem to bring any additional advantage. Instead, it creates another type of non-backward compatible carrier that UE/eNB need to support and the operators need to maintain, for no obvious reason.

· There has been argument that NS-NCT has less overhead (thus more efficient) compared to S-NCT because it does not need to broadcast system information. However, when the information is not broadcast, it needs to be delivered to each individual UE via higher layer signaling on the BCT. It is questionable which way is more resource consuming, broadcast on NCT, or dedicated signaling to each UE.

In the light of these considerations, the choice could be narrowed down to (a) and (e).

Observation 1: NS-NCT may not be necessary if S-NCT is standardized.

Proposal 1: The decision should be made between (1) standardize S-NCT only and (2) standardize neither NS-NCT nor S-NCT.

Note that we are here primarily considering Release 12, and any decision could be revisited in a later release. 
Benefits of NCT
In retrospect, NCT discussion started in Rel-11 CA. The original intention was to handle some fragmented frequencies, and that was why it was included in CA enhancement WI. As the discussion evolved, fragmented frequencies were no longer the main consideration, and S-NCT was proposed. Some companies started to consider NCT as a general evolution of LTE which provides the benefit of spectral efficiency, energy savings, and frequency-domain ICIC. Therefore, when evaluating the situation, we should disregard its history in CA.
(1) We should evaluate it as a completely new feature, and the most important consideration should be how it performs compared to backward-compatible carriers (not S-NCT vs. NS-NCT). In particular, it is important to understand the extent of gains and whether the gains justify breaking the backward compatibility. Due to the breaking of backward compatibility, it should be treated similar as a new generation rather than an enhanced LTE system.
· Deploying a new type of system/carrier that is not backward compatible, thus not being able to support legacy terminals, has always been a very big and costly decision for the operators. It does not matter that the new carriers are the same as the legacy carriers in 90% of the design. It is the hard break of the backward compatibility that incurs the significant operational cost. So far it only occurred when the operators moved from one generation to the next generation. When a new generation is standardized, it has always been justified with significant improvement in capacity, user throughput or cost. The same justification should be provided for NCT as well..
(2) Benefit analysis
· Performance gain: The simulation results presented in RAN1#73 were widely divergent on the performance gain of NCT, ranging from negative to huge gain. The wide divergence itself means that there is a very big difference in the understanding of NCT among the companies. To take such a significant step of defining a new type of carrier, it is important that we have a good understanding and reach consensus on what level of gain NCT can provide. Therefore further investigation is necessary to align the results and reach common understanding.
· Energy saving: Energy saving has been recognized as one of the benefits provided by NCT. But how much energy saving it provides is not well understood yet.

i. Not much analysis has been provided on this aspect to quantify the saving.

ii. Given that eNB dormancy is being considered as a means to provide energy saving in small cell SI, it is unclear if the energy saving from NCT is larger than that of eNB dormancy. 
Therefore further investigation is needed in both aspects in order to fully understand the benefits of NCT, while the energy saving aspect has dependency on small cell SI.
(3) Since the NCT discussion originated from CA, the enhancement has been focused on incremental changes for the system. But if we recognize this step towards NCT is rather significant, it may make sense to investigate more fundamental changes. As mentioned earlier, once the backward-compatibility is broken, it does not make a significant difference whether the similarity between the new carrier and the legacy carrier is 90% or 50% or even 10%. Since the mindset has been to only pursue incremental changes, we may have missed a good opportunity to incorporate more fundamental changes which may be able to deliver larger gains. Although it is not clear at this point what kind of fundamental changes may be beneficial, it may make sense to take one step back to contemplate on the possibilities before rushing into defining a new standalone carrier type.
Observation 2: Further investigations are necessary to evaluate the performance gain and energy saving of NCT, in order to well justify standardizing a non-backward compatible carrier.
Because introducing NCT is a big decision, we should give sufficient time to make sure we fully understand the benefit and possibly explore more ideas.
Proposal 2: Aim for a clear understanding of the NCT benefits, and consider from a clean sheet of paper what techniques should be included at the time when backward compatibility is broken.
3 Conclusions
In terms of the standardization of S-NCT and NS-NCT, we have made the following observations and proposals:
Observation 1: NS-NCT may not be necessary if S-NCT is standardized.

Proposal 1: For Release 12, the decision should be made between (1) standardize S-NCT only and (2) standardize neither NS-NCT nor S-NCT.

For the benefit analysis of NCT, we have:
Observation 2: Further investigations are necessary to evaluate the performance gain and energy saving of NCT, in order to well justify standardizing a non-backward compatible carrier.

Proposal 2: Aim for a clear understanding of the NCT benefits, and consider from a clean sheet of paper what techniques should be included at the time when backward compatibility is broken. 
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