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1. Introduction 
New carrier type (NCT) could be introduced in Rel-12. The main motivation of introducing NCT is to improve the spectral efficiency and improve the data rate. The original scenarios that NCT could be used include small cell deployment where UE mobility could be low.  At RAN#1 72 meeting, in the discussion of scenarios and scope of NCT, some companies proposed to use NCT in a more broad scope which includes both small cell and macro-cell [1].  That makes the requirement and design for NCT deviate from the original ones.   
Later on in PSS/SSS collision with DMRS discussion for NCT at RAN#1 72 meeting, some new DMRS patterns were proposed to support high UE mobility. In the end, the following conclusions were reached [2].
Conclusion:

· RAN1 will study further the different alternatives, including studying the benefits of new DMRS patterns on the NCT  

· Study should consider both PDSCH and EPDCCH
· Study should consider any possible impact on CSI-RS 

· May also take into account hypothetical impact on PBCH

· Study should at least include macro scenario; reduction of DMRS overhead is out of scope of this study. 
· Decision on handling of collisions with PSS/SSS after study has concluded
· If it is agreed to adopt a new DMRS pattern, the other alternatives will not be considered further

Note: NCT should be able to be operated on both macro and small cells. Target speeds are same as were assumed for LTE Rel-8.

In RAN1 73 meeting, companies presented their results on performance comparison between existing DMRS pattern and new DMRS patterns. As only marginal performance gain is observed, the conclusion is not to introduce such new DMRS pattern [3]. 
As failure to introduce new DMRS on NCT however seems not change the intention of using NCT in macro-cell as well as the small cell in the future, in this contribution, some designs aspects on NCT are presented taking this intention into consideration. 

2. Other design aspects of NCT
2.1. Transmission mode
Considering that if such NCT is adopted, even without introducing a new DMRS pattern, some other features may also need to be supported  as well (e.g., with reduced or no CRS, PDCCH transmission), it is preferred to introduce a new TM for all these features. The features that may associate with NCT includes the support of a new downlink grant, support reduced PDCCH and CRS transmission on NCT or no support of such transmissions.  Some of these features may needs to be further studied. From the discussion so far, both TM9 and TM10 or their modified version could be supported for NCT.  The main difference between TM9 and TM10 comes from associated configuration of zero-power CSI-RS for interference measurement in TM 10. And maybe quasi co-located information among CRS, CSI-RS and DMRS to improve the channel estimation performance. To limit the number of TM supported on NCT, it is preferred to support only one TM for NCT, which is either based on TM 9 or based on TM 10. In Rel-11, TM 10 supporting multiple CSI-RS process is optional for the UE and it is still not decided if TM 10 with single CSI-RS process is optional or mandatory for the UE.  If TM 10 with single CSI-RS process is also optional in Rel-11, it is more nature to support TM 9 (or modified version) on NCT as mandatory feature while considering TM 10 (or modified version) on NCT as optional feature. 
Proposal: 
· It is preferable to support only one new TM as mandatory TM on NCT, which could be either based on TM 9 or TM 10.
· It could be FFS on supporting other features on NCT such as transmission of reduced CRS or PDCCH.
2.1.1. Open loop transmission
In Rel-8, both closed-loop transmission (TM 4) and open-loop transmission (TM 3) are supported, one for lower mobility UE when the channel feedback is more reliable, and one for higher mobility UE when the channel feedback is out-dated due to the UE mobility. If NCT could also be used for macro-cell and support higher mobility UE, it needs to be considered if an open-loop transmission is needed.  
Two aspects need to be considered to support open-loop transmission, one is the downlink transmission, and the other is the uplink feedback from the UE. For open-loop transmission, as DMRS is used and the same precoding vector is applied to both DMRS and PDSCH, there is no need to signal to the UE the relative power level between DMRS and data, and the specific precoding vector used at the eNB as such information is already contained in DMRS. In that sense, the open-loop transmission and closed-loop transmission could be the same to the UE and is transparent to the UE, namely, whether the eNB uses the feedback PMI from the UE as precoding vector or used a different one does not need to be notified to the UE.  If the eNB uses some simple techniques such as random beamforming (RBF) as the open-loop transmission to the UE when the UE mobility is high and channel feedback is aging, open-loop transmission make no difference to the UE from the closed-loop transmission. From that perspective, it seems the need to introduce a separate open-loop transmission mode is not that strong, which is different from that in Rel-8. 
However, when the UE mobility is high, the channel feedback of PMI is aging and not reliable, it would be preferred not to feedback them to save feedback overhead.  From that perspective, the eNB could configure to feedback only CQI and rank information from the UE. 

Using RBF would make the open-loop transmission transparent to the UE, however, its performance may not be as good as some other open-loop transmission such as Alamouti-coding based transmission. For the latter scheme, even though its performance could be more robust, the drawback may come from the fact that there may not be CRS transmitted on NCT, and therefore makes channel estimation more difficult. One solution to bypass this issue is to use un-precoded DMRS for the channel estimation. In general, performance evaluation may be needed to compare performance among different schemes if there is a requirement to maintain certain level of performance for open-loop transmission. The other aspect could be considered is how to apply RBF operation, whether it is on PRB pair level (namely, single precoding vector is used throughout the whole PRB pair) or on some chunk of resources smaller than a PRB pair where the same precoding vectors could be applied. 
Proposal: 
· Open-loop transmission as a separate transmission mode could be considered, or it could be considered as an eNB implementation issue.
· The feedback with only CQI and RI could be configured for the UE for open-loop transmission.
· RBF could be considered as baseline for open-loop transmission scheme due to its transparency and simplicity.  
2.1.2. RS transmission and related issues
One design target for NCT is to reduce the overhead and improve the spectral efficiency. To achieve this, reduction of CRS and PDCCH could be considered or they could be completely removed on NCT.  Several issues need to be resolved to achieve such goal. 
1. Introduce common search space (CSS) for EPDCCH

2. Introduce long term channel measurements not based on CRS
For the first issue, as CSS is currently not used in EPDCCH in Rel-11, the UE needs to search CSS on PDCCH. It is part of NCT WID in Rel-12 to define a CSS for EPDCCH. For the second issue, as CRS could be used for long term channel measurement such as RSRP and RLM as well as for PDCCH decoding even if it is not used for PDSCH decoding, the reduction of CRS should be carefully considered. At this stage, the focus on CRS reduction is to reduce the overhead of CRS by reducing the number of CRS port as well as its density in either time or frequency or both, and at the same time to check if the performance of CRS-based long term channel measurement is still acceptable. Alternatively, if long term channel measurement based on other types of RS could be introduced, CRS could be completely removed on NCT. 
CSI-RS as introduced in Rel-10 is mainly used for short term channel measurement and feedback at this stage. Its minimum transmission period is 5 ms, which is good enough for low mobility UE. If NCT is used in macro-cell and need to support high mobility, the transmission period of CSI-RS may need to be evaluated to see if it could provide enough density (in time) for more accurate short term channel measurement and feedback. If needed, maybe it transmission period could be reduced. On the other side, if CRS-RS based long term channel measurement is needed to replace CRS based long term channel measurement, CSI-RS density also needs to be re-evaluated to meet the performance requirement. 
DMRS is used for PDSCH demodulations. At this stage, depending on the number of DMRS ports, it occupies 12 REs or 24 REs in a PRB pair, which is good enough for low mobility UE. If NCT needs to support both low to high mobility UE, the density of DMRS may need to re-considered.  In addition, at this stage, DMRS occupy the same set of REs regardless of the cells. Considering that NCT could be used for small cell deployment, inter-cell interference could be very strong and DMRS from different cells will collide with each other and degrade the channel estimation performance. The solutions to ease this issue could be either to use frequency based ICIC method to mitigate inter-cell interference on PDSCH in neighbouring cells or allocate different REs in neighbouring cells for their DMRS transmissions.  Allocating orthogonal REs for DMRS transmission in neighbouring cell may also facilitate interference estimation and cancellation providing more advanced receivers capable of more sophisticated interference cancellation could be introduced at the UE side in Rel-12. 
Proposal:
· Support CRS transmission on NCT would depend on long term channel measurement and support CSS on EPDCCH

· Density of CSI-RS could be re-considered for short term channel measurement and feedback as well as supporting long term channel measurement

· Allocation resource for DMRS transmission may need to consider inter-cell interference avoidance and estimation.  
3. Conclusions

In this contribution, a number of design aspects for NCT are discussed and some proposals are presented for consideration
Proposal:
· It is preferable to support only one new TM as mandatory TM on NCT, which could be either based on TM 9 or TM 10.
· It could be FFS on supporting other features on NCT such as transmission of CRS or PDCCH
· Open-loop transmission as a separate transmission mode could be considered, or it could be an eNB implementation issue.
· The feedback with only CQI and RI could be configured for the UE for open-loop transmission.

· RBF could be considered as baseline foropen-loop transmission scheme due to its transparency and simplicity.  
· Support CRS transmission on NCT would depend on long term channel measurement and support CSS on EPDCCH

· Density of CSI-RS could be re-considered for short term channel measurement and feedback as well as supporting long term channel measurement

· Allocation resource for DMRS transmission may need to consider inter-cell interference avoidance and estimation.  
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