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1 Introduction 
In RAN1#72bis, the following benefits were cited for Standalone NCT (S-NCT) compared to Non-Standalone NCT (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

On the other hand, the following reasons were 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

· eNB dormancy

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

In this contribution we discuss further the pros and cons of S-NCT and indicate which possible ways forward make sense in our view. 
2 Discussion
The general benefits of NCT (irrespective of whether it is standalone or non-standalone) were recognised to be: 

1. Spectral efficiency: This is achieved from reduced overheads especially from reduced CRS to a single port with 5 ms periodicity
2. Energy saving:  This is achieved via eNB DTX in subframes without CRS and/or introducing active/dormant state
3. Improved interference coordination in HetNet: The removal of legacy PDCCH channels allows interference coordination techniques like frequency-domain ICIC to be employed on the entire subframe thereby removing the limitations of ABS.
We can immediately make the following observations: 
Observation 1: All the general benefits of NCT are maximised if NCT can be deployed in as many scenarios as possible.

Observation 2: The benefits of improved spectral efficiency and improved ICIC in HetNet are maximised if NCT can be used for as many UEs as possible. 
2.1 Cited benefits of S-NCT
Throughput increase and load balancing in the presence of non-CA-capable UEs

NS-NCT requires the use of CA in order to associate the NCT with the BCT. It is obvious therefore that UEs would need to be CA-capable if they are to be able to benefit from a NS-NCT. By the time of Rel-12, it is not clear what proportion of UEs will be CA-capable, but, in view of the fact that CA is considered an expensive feature to implement, it seems unlikely that all UEs will be CA-capable. In particular, low-cost UEs may well not be CA-capable. 

Therefore, in line with observation 2 above, if the benefits of improved spectral efficiency and improved ICIC in HetNet are worthwhile, it should be possible to maximise these benefits by using NCT for all Rel-12 UEs regardless of whether or not they are CA-capable. 

S-NCT can be a PCell and can thereby support PUCCH offloading 
If both carriers are BCTs, PUCCH load balancing between the carriers is possible already by configuring each carrier as PCell for different UEs. The possible problem of concentrating all the PUCCHs on one carrier would only be introduced if NS-SCT were to be introduced without S-NCT. 
This therefore leads to the conclusion that if NS-NCT is standardised in Rel-12, S-NCT should also be, in order to avoid creating a more imbalanced PUCCH situation than existed with only legacy carriers. 
S-NCT can provide the benefits of NCT in additional scenarios compared to NS-NCT
This seems to be a key factor in relation to S-NCT. S-NCT enables the general benefits of NCT to be realised in at least the following additional scenarios where NS-NCT cannot be used: 
· non-ideal backhaul to the site hosting the BCT;
· single carrier co-channel het net.
In addition, S-NCT can be used instead of a legacy carrier in the following scenarios:

· new frequency bands which are not supported by legacy UEs;
· legacy carrier coverage holes, if legacy UE support is not required.
Therefore, in line with observation 1 above, if the general benefits of NCT are worthwhile, it should be possible to maximise these benefits by deploying NCT in as many scenarios as possible. 

S-NCT may be able to provide greater energy saving than NS-NCT
Although S-NCT cannot provide greater energy saving than NS-NCT on its own, if legacy UE support is not required two S-NCTs would offer greater energy saving than the aggregation of a BCT and an NS-NCT, due to the energy saving capability of NCT compared to the BCT. 

Whether this is a significant motivation for standardising S-NCT depends therefore on the importance of being able to continue to support legacy LTE UEs. It should be remembered that even NS-NCT breaks backward compatibility, since it introduces carriers which are inaccessible to legacy pre-Rel-12 UEs. The step of breaking backward compatibility is a major one, and the question arises as to whether this is the right time to make it, and whether the benefits introduced by NCT are sufficient to justify such a step. If the lack of legacy UE support on S-NCT is considered a serious problem, it is therefore doubtful whether NS-NCT should be standardised at this time either. 
S-NCT can avoid CA by using a single carrier of larger BW
In cases where only a single carrier is deployed, one way to obtain the general benefits of NCT using NS-NCT is to split the available bandwidth into two, and use a BCT aggregated with an NS-NCT. However, this means that the benefits of NCT are only available in part of the bandwidth, and non-CA-capable UEs would only be able to access the BCT. 
By contrast, an S-NCT can be used in two ways: 

· either the bandwidth is still split, between a BCT and the S-NCT, and now non-CA-capable UEs can use either of the carriers, or

· if legacy UE support is not required, a single S-NCT can be deployed across the whole bandwidth, enabling the general benefits of NCT to be obtained for the whole bandwidth as well as non-CA-capable UEs to access the entire bandwidth. 
In the first case, in line with observation 2 above, if the general benefits of NCT are worthwhile, it should be possible to maximise these benefits by allowing also non-CA-capable UEs to use the NCT.
In the second case, if the general benefits of NCT are worthwhile, it clearly makes sense to be able to realise them across the whole bandwidth rather than in only a part of it. On the other hand, again the question is whether the general benefits of NCT are sufficient to justify breaking backward compatibility and denying legacy UE access to the whole bandwidth. 
S-NCT can support MBMS for IDLE UEs
NS-NCT does not broadcast system information. Therefore, IDLE UEs cannot retrieve MBMS related information on NS-NCT, in contrast to connected UEs which could receive MBMS information from the BCT. Therefore, MBMS is not supported on NS-NCT for idle UEs. S-NCT can support MBMS for IDLE UEs by allowing broadcast of system information.
On the other hand, BCT can support MBMS for both IDLE and Connected UEs. Therefore introducing NS-NCT but not S-NCT would reduce support for MBMS compared to the legacy situation. This therefore leads to the conclusion that if NS-NCT is standardised in Rel-12, S-NCT should also be, in order to avoid reducing the support for MBMS compared to the situation than existed with only legacy carriers. 

2.2 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

Compared to NS-NCT, additional standardization work is needed for S-NCT.

· For a carrier to be stand-alone, system information (MIB and SIB) needs to be broadcast, and IDLE UEs should be able to receive these messages.
· For MIB, it is carried on PBCH in legacy carrier, using CRS for demodulation. Since CRS is reduced on NCT and no longer serves the purpose of demodulation, a straightforward solution is to redesign PBCH based on DM-RS. Alternatively, legacy subframes and new subframes can be time division multiplexed in order to reuse the legacy PBCH design. However, DM-RS based PBCH would be considered as a more clean solution because all other channels on NCT use DM-RS for demodulation.
· SIB messages are transmitted on PDSCH, which can use DM-RS based transmission on NCT. DM-RS would need to be cell common, which can be achieved by implementation. However, the corresponding DL grants are carried in CSS, which is not yet supported on EPDCCH. Therefore, CSS on EPDCCH needs to be supported for S-NCT.
· Paging messages need to be delivered on S-NCT. Similar to SIBs, this requires CSS on EPDCCH.

· Since NCT does not have CRS, and therefore the legacy DL control region is removed from NCT, PHICH no longer exists to carry HARQ-ACK in a low-overhead way for non-adaptive HARQ retransmissions of PUSCH. It is always possible to use DCIon EPDCCH for all PUSCH retransmissions, and therefore EPHICH is not essential, but this approach would consume more DL resources and a new mechanism would be preferable. This is discussed in detail in [1].
· As a stand-alone carrier, mobility needs to be supported for IDLE UEs. This means that S-NCT needs to transmit suitable RS to allow the UEs to perform measurements. The reduced CRS signal already exists on NS-NCT, although further study is needed to identify whether further measures are needed to ensure that sufficient tracking and measurement accuracy is possible. 

· As a PCell, RLM capability would be needed on S-NCT. Since the reduced CRS signal already exists on NS-NCT, it would be quite straightforward to perform RLM on S-NCT.
Considering these different aspects of the specification impact of S-NCT, the major work probably lies in CSS on EPDCCH (which was delayed from the Rel-11 EPDCCH WI due to time constraints), possibly EPHICH, and DM-RS based PBCH. With all the fundamental work being done for NS-NCT, the additional work for S-NCT is relatively not significant.
Benefits could be provided by other means, e.g. 

· macro-assisted NS-NCT

· eNB dormancy

As analyzed earlier, S-NCT can be used in scenarios such as non-ideal backhaul scenario and single carrier co-channel HetNet scenario. In the scope of small cell SI, macro-assisted NS-NCT is proposed as one way to achieve similar benefits. However, macro-assisted NS-NCT also involves additional standardization work, and its characteristics and potential complexities are not yet understood.

Further, it has been noted above that one of the key motivations of S-NCT compared to NS-NCT is that it enables UEs which do not support CA (presumably for reasons of cost) to obtain the benefits of NCT. However, it is not clear why the cost of supporting macro-assisted NS-NCT should be significantly less (if at all) than that of supporting CA in the UE, and therefore it is not obvious that macro-assisted NS-NCT has any significant benefit compared to S-NCT. 

The concept of eNB dormancy  has also been proposed as an alternative to S-NCT. The key advantage here is that, unlike both NS-NCT and S-NCT, eNB dormancy does not break backward compatibility. Therefore it is worth considering whether eNB dormancy can deliver the same general benefits as NCT:
1. Spectral efficiency: There is no spectral efficiency improvement with eNB dormancy compared to BCT. However, the spectral efficiency improvements of NCT are anyway not enormous. 
2. Energy saving:  When an eNB goes into dormant state, the energy saving is potentially more significant than NCT, since the transmitter can be totally shut down. 
3. Improved interference coordination in HetNet: Support for HetNet interference coordination would be the same as on BCT in Rel-11: time-domain coordination via ABS for single-carrier co-channel deployments, and frequency-domain ICIC via EPDCCH in the case of CA.
It is clear that if eNB dormancy is an alternative to S-NCT, it is also an alternative to NS-NCT. Therefore, depending on whether the energy saving benefits are weighted more highly than spectral efficiency or single-carrier HetNet ICIC, it might be considered whether eNB dormancy could be an alternative to NCT altogether. 
If S-NCT is used to replace both BCT and NS-NCT, there is no support for legacy UEs

S-NCT is not backward compatible and does not support legacy UEs. If BCT is completely removed and S-NCT is used to replace it, no legacy UEs can be supported. Whether this is considered as a big disadvantage again depends on whether the benefits of NCT significantly outweigh the lack of the support for legacy UEs so as to justify the step of breaking backward-compatibility inherent in both NS-NCT and S-NCT.
3 Conclusions
In this contribution we have reviewed in detail all the cited benefits and drawbacks of S-NCT. From the above discussion, we draw the following conclusions:
1. All the general benefits of NCT are maximised if NCT can be deployed in as many scenarios as possible.

2. The benefits of improved spectral efficiency and improved ICIC in HetNet are maximised if NCT can be used for as many UEs as possible. 

3. If the benefits of NCT are worthwhile, then both S-NCT and NS-NCT should be standardised in Rel-12. 

4. If the lack of legacy UE support on NCT is considered to outweigh the benefits of NCT, then neither S-NCT nor NS-NCT should be standardised in Rel-12, and further consideration should be given in a later release to the characteristics that should be supported when the major step of breaking backward compatibility is eventually taken. 

5. Depending on whether the energy saving benefits of eNB dormancy are weighted more highly than the spectral efficiency and single-carrier HetNet ICIC benefits of NCT, it might be considered whether eNB dormancy could be an alternative to both NS-NCT and S-NCT.
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