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1 Introduction
In RAN1#67, the followings were agreed:

Conclusion:

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.
In RAN1#68, the followings were agreed:
Conclusions:

· No new detection/acquisition signals will be designed for the NCT (except possibly new time/frequency configurations of existing signals)

· For non-synchronized new carriers:

· Working assumption: Rel-8 PSS/SSS sequences are transmitted

In RAN1#68bis, the followings were agreed:

Agreement (at least for the unsynchronised case):

· New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

· This RS port is not used for demodulation

Working assumption is confirmed: Rel-8 PSS/SSS sequences are transmitted
Based on the agreements in Rel-11, we provide our views on synchronized new carrier.

2  Use scenario for synchronized new carrier
It has been claimed that PSS/SSS/CRS can be removed in synchronized new carrier as time and frequency information can be obtained from legacy carrier. During the study in Rel-11, it was pointed out that the only available scenario would be the CA scenario 1 as depicted in Figure 1.
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Figure 1 CA scenario 1 [1]
On the other hands, as discussed in [2] for small cell enhancement, the target deployment scenario is that F1 and F2 are the carrier frequency for macro layer and local-node layer, respectively. This means that two non-geo-collocated nodes may use different local oscillators for clock generation which needs to perform independent time and frequency synchronization for F1 and F2, respectively. In other words, the reuse of time/frequency synchronization from the legacy primary cell would be almost impossible. Therefore, PSS/SSS/CRS needs to be transmitted on the new carrier type of the secondary cell.
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Figure 2 Deployment scenarios of small cell with/without macro coverage

(Note 1: F1 and F2 are the carrier frequency for macro layer and local-node layer, respectively) [2]
In addition, for stand-alone NCT which will be discussed in phase 2 of Rel-12 NCT WI, any signal to facilitate time/frequency synchronization is needed for initial access by the UE. Therefore, the useful target scenario of synchronized new carrier is only limited to contiguous intra-band carrier aggregation using a single RF front end with collocated nodes as CA scenario 1. Such scenario seems not to be of interest for Rel-12 small cell enhancement WI. 

Observation 1: The useful scenario of synchronized new carrier is mainly limited to the case where a single RF front end (e.g. contiguous intra-band carrier aggregation with collocated nodes) is used. Therefore, the synchronized new carrier is not foreseen to be a useful deployment scenario for small cell enhancement.
3 Consideration on removing PSS/SSS/CRS
For new carrier type, the RRM measurement also needs to be performed and reported. Since CRS port 0 can be transmitted in new carrier for time/frequency tracking purpose at least for non-synchronized carrier, a reasonable choice to support the measurement would be to reuse the agreed CRS. The final decision will need to take into account the feedback from RAN4 response on the RRM measurements based on CRS [3]. Given there has been no other clear alternative for RRM measurement, CRS seems to be the baseline choice and may not be removed even in synchronized new carrier.
Observation 2: At least CRS needs to be transmitted for RRM measurement even in synchronized new carrier, unless a suitable alternative is shown and proven.

Having different designs between synchronized and non-synchronized new carrier would result in different UE implementations for time/frequency tracking and RRM measurement. Given only PSS/SSS may be removed in synchronized new carrier, the potential overhead reductions for 1.4MHz/3MHz/5MHz/10MHz/15MHz/20MHz system bandwidths are, respectively, 2.87/1.14/0.69/0.34/0.23/0.17 % assuming normal CP in FDD, which seems not so significant. Considering that we have not normally optimized for small bandwidth, the overhead reduction becomes less than 1% for >=5MHz system bandwidth. 
Observation 3: The overhead reduction by removing PSS/SSS is not so significant that the removal of PSS/SSS in synchronized carrier can be justified.

There was also an argument that removing PSS/SSS will help to reduce interference in HetNet scenario. However, the interference handling has been already discussed for PSS/SSS in FeICIC in Rel-11. Subframe shifting and/or SFN offsets can resolve the interference for PSS/SSS and PSS/SSS IC (Interference Cancellation) has also been studied. There is no strong reason to remove PSS/SSS in synchronized carrier for the purpose of eICIC in HetNet.
Observation 4: There is no clear reason to remove PSS/SSS in synchronized carrier for the purpose of eICIC in HetNet scenario.
4 Conclusions
This contribution discussed the aspects related to the removal of PSS/SSS/CRS in synchronized carrier. The observations from the discussions are given below:
Observation 1: The useful scenario of synchronized new carrier is mainly limited to the case where a single RF front end (e.g. contiguous intra-band carrier aggregation with collocated nodes) is used. Therefore, the synchronized new carrier is not foreseen to be a useful deployment scenario for small cell enhancement.
Observation 2: At least CRS needs to be transmitted for RRM measurement even in synchronized new carrier, unless a suitable alternative is shown and proven.
Observation 3: The overhead reduction by removing PSS/SSS is limited and there has been no evaluation to prove the benefit of overhead reduction for justifying different UE implementations.
Observation 4: There is no clear reason to remove PSS/SSS in synchronized carrier for the purpose of eICIC in HetNet scenario.
Based on the discussions and the consequent observations, our view is that there is no strong reason to optimize the synchronized new carrier by removing PSS/SSS/CRS.
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