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1. Introduction
The design for new carrier types (NCTs) was discussed in Rel-11 as part of the CA WI [1]. Because of limited time on that in RAN1 working group, it was postponed as a new Rel-12 WI [2]. As indicated in [2], a two phases’ methodology to reach the target was agreed as:
· 1st phase: specify the NCT being aggregated with a legacy LTE carrier
· Necessary enhancements for transmission of data and control 
· Necessary UE mobility support on NCT
· 2nd phase: Enhancements to the NCT also considering the findings of the small cell related Rel-12 studies 
· Specify necessary means to allow standalone and macro-assisted operation on NCT
· Verify the suitability of the solutions specified in the first phase for the purposes of standalone New Carrier Type operations and small cells and update the necessary functionalities and signals if necessary
· Specify corresponding UE and eNB core requirements 
The first phase for NCT design is initiated based on the conclusions and working assumptions agreed in Rel-11 WI. Since some initial design principles for unsynchronized NCT on PSS/SSS and reduced CRS have been agreed in Rel-11 WI, we present our view focusing on the remaining design issues for synchronized NCT in this contribution.
2. Discussion on PSS/SSS and reduced CRS for Synchronized NCT
The definitions on synchronized and unsynchronized NCTs are listed below:
In the design of the new carrier type, support shall be provided for operation in both of the following scenarios (not necessarily equally optimized for both cases – take into account the gain that can be achieved):

· Synchronized carriers, i.e. where the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver.

· Unsynchronized carriers (i.e. where the legacy and additional carriers are not synchronized with the same degree of accuracy as for the synchronized carriers).

Note that synchronization is considered from the perspective of the UE receiver.
For unsynchronized NCT, some agreements have been reached that the PSS/SSS design for legacy component carrier will be reused, and the CRS is reduced to one RS port within one subframe with 5 ms periodicity.

2.1. PSS/SSS design
For synchronized NCT, one of the benefits for removing PSS/SSS is the improvement of the spectral and energy efficiency.  Based on the existing LTE design that PSS/SSS occupy two OFDM symbols on 6 PRBs in every 5 subframes, the increase of the resource utilization is about 0.17% assuming system bandwidth of 20 MHz with PSS/SSS removed. With system bandwidth reduced, the gain can be further increased, e.g., up to about 2.8% for minimum system bandwidth of 1.4 MHz. Basically, it can be seen that the gain from removing PSS/SSS in terms of spectral and energy efficiency is not quite obvious, taking into account some typical system bandwidth utilizations, e.g., 10 MHz.
With respect to scenarios for NCT, five carrier aggregation deployment scenarios have been agreed and defined in TS36.300 V11.0.0 [3], as shown in Figure 1. It has been discussed intensively that only Scenario#1 can potentially be deployed as synchronized NCT, while all the other Scenarios#2-5 are typically asynchronous unless additional effort is to be done for ensuring the synchronicity and some information is also needed to be sent to the UE through the serving PCell. Thus it can be seen that the scenarios for using synchronized NCT is quite limited. Whether it is necessary to pay much effort to the special design for synchronized NCT needs to be carefully considered. Moreover, one fact is that synchronized NCT can be viewed as a special case of unsynchronized NCT, and in that sense reusing the design for unsynchronized NCT may be straightforward for synchronized NCT.
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Figure 1. The carrier aggregation deployment scenarios defined in TS36.300 V11.0.0

Different design of PSS/SSS for synchronized and unsynchronized NCT will bring additional standardization impacts, e.g., signaling from the legacy component carrier is needed to inform the UE whether the NCT is synchronized or not. Failure to correctly receiving this signaling may bring serious problems and accordingly the UE complexity is potentially increased. In addition, different design of PSS/SSS on different component carriers will change the UE behavior compared to traditional UE, e.g., the UE needs to derive the timing of the NCT according to the timing of the legacy component carrier, and this will also bring the potential increase of UE complexity.
Based on the discussion above, we have the following observation:
Observation 1: The benefit from removing PSS/SSS for synchronized NCT is not significant, while some problems, e.g., increased standardization impact and UE complexity, will be introduced.
2.2. Reduced CRS design
Besides PSS/SSS, the other issue is whether reduced CRS design for unsynchronized NCT is reused or the CRS is completely removed for synchronized NCT. Similar to the removing of PSS/SSS, one of the benefits for removing CRS is that the spectral and energy efficiency can be improved. However, due to the already very low density for reduced CRS of one RS port within one subframe with 5 ms periodicity, the gain in terms of the spectral and energy efficiency from further removing the reduced CRS could be very small. The other benefit for removing the reduced CRS is the potential performance improvement for HetNet and CoMP scenarios. However, in Rel-11 some solutions have already been identified for elimination of the CRS interference, e.g., IC receiver based, and also the density for reduced CRS is very low, therefore, the further gain in terms of the performance improvement could be very limited.
As discussion in the section above, different synchronization procedure for synchronized and unsynchronized NCT will bring more standardization impact and UE complexity. Due to that part of the functionality for reduced CRS could be frequency tracking in synchronization, utilization of the same design of reduced CRS is part of the unified design on synchronization procedure for synchronized and unsynchronized NCT. Meanwhile, the other issue needs to be taken in account in the CRS design is RRM measurement. Reduced CRS based could be a candidate approach for RRM measurement for further investigation. If CRS is totally removed, the two main solutions we can rely on are legacy component carrier based and CSI-RS based, however, maybe both of them are not sufficient. In details, the interference environments on different component carriers could be very different in practical network deployment, and RRM measurement for NCT based on legacy component carrier is not reliable. In addition, as discussion in Rel-11 CoMP WI, CSI-RS based RRM measurement may suffer performance degradation due to very low density of CSI-RS, and further investigation on that is still needed.
Based on the discussion above, we have the following observation and proposal:

Observation 2: The benefit from completely removing the CRS for synchronized NCT may be not significant and needs further investigation, taking into account the issues of frequency tracking and RRM measurement.
Proposal: Utilize the same PSS/SSS and reduced CRS design in synchronized NCT as that in unsynchronized NCT. 
3. Conclusions
In this contribution, we discussed the PSS/SSS and reduced CRS design for synchronized NCT, and our observations and proposal are as follows:
Observation 1: The benefit from removing PSS/SSS for synchronized NCT is not significant, while some problems, e.g., increased standardization impact and UE complexity, will be introduced.
Observation 2: The benefit from completely removing the CRS for synchronized NCT may be not significant and needs further investigation, taking into account the issues of frequency tracking and RRM measurement.
Proposal: Utilize the same PSS/SSS and reduced CRS design in synchronized NCT as that in unsynchronized NCT. 
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