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1 Introduction

At the RAN1#68bis meeting, PSS/SSS for synchronized carriers were discussed and possible way forwards were proposed as follows [1]:
Possible ways forward:

· PSS/SSS are always transmitted even for synchronized new carriers:
· PSS/SSS can be configured to be not present for synchronized new carriers:

There was no consensus on the way forwards, and the conclusion reached is as follows [1]:
Conclusion:

· Consider until RAN1#69 whether the synchronized carrier case as defined in RAN1#68 is an important case to be taken into account in the NCT design in Rel-11, e.g. with respect to optimisations such as non-presence of PSS/SSS etc. 

In this contribution, we will first analyze the use cases and then provide our views in the context of synchronized new carriers.
2 Discussion

2.1 Use cases for synchronized new carriers

The agreed definition of synchronized carriers [2] implies that the new carrier is synchronized with a legacy carrier, which is also referred to as the reference carrier, in time and frequency. No separate synchronization processing is needed at the UE receiver for the new carrier.
A typical scenario of synchronized carriers is shown in Fig. 1, which is the 1st scenario of the five carrier aggregation deployment scenarios that are defined in [3]. In the intra-band CA scenario of Fig. 1, two cells with different carrier frequencies (i.e. F1 and F2) are co-located and provide similar coverage. In this case, one of these two cells can be deployed as a new carrier, while the other is deployed as a legacy carrier. 
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Fig. 1: Synchronized new carriers scenario (CA scenario #1).

The main motivation regarding the design of the synchronized new carrier is whether the framework that is same as unsynchronized new carrier should be followed, or if there is any opportunity for further optimizing the synchronized new carrier. We will discuss these issues in the sequel.
2.2 PSS/SSS/CRS for synchronized new carriers

For UE on a synchronized new carrier, it is likely that the reference carrier can be used for necessary time/frequency tracking by the synchronized new carrier. In other words, unlike the case of unsynchronized new carriers, it may be unnecessary to transmit the PSS/SSS/CRS (as well as the new one-port RS) on the synchronized new carrier. Instead, UE may simply derive the time/frequency tracking through the reference carrier.
Observation 1: There is no need to transmit PSS/SSS/CRS (include the new one port RS) on the synchronized new carriers.
If PSS/SSS/CRS are not transmitted on the synchronized new carriers, the spectral efficiency can be effectively improved, saving for instance 2.86% overhead for a 1.4 MHz bandwidth carrier. Further, the support for HetNet and the energy efficiency can also be improved, which is one of the motivations for introducing a new carrier type [4]. For the HetNet interference issue, it is beneficial to reduce ICI on the synchronized new carriers, where the ICI from the aggressor cell’s PSS/SSS when 9 dB bias is applied would vanish. This is a desirable result that is not achievable on legacy carriers. In addition, as there is no CRS interference, the UE saves the efforts for CRS IC on synchronized carriers, and therefore reducing the complexity of UE implementation. On the other hand, the overall energy cost at eNB can be reduced if PSS/SSS/CRS are removed, especially in lightly loaded networks and/or during off-peak hours.
Observation 2: Not transmitting PSS/SSS/CRS on synchronized new carriers helps to fulfill the motivations of introducing new carrier type.
Moreover, considering the collision between PSS/SSS and DM-RS, we propose that DM-RS should be punctured when colliding with PSS/SSS on the unsynchronized new carrier to resolve the collision [5] .Although DM-RS puncturing can resolve the collision, it may lead to DL performance degradation. However, if PSS/SSS are not transmitted on the synchronized new carrier, there is no collision between PSS/SSS and DM-RS at all.
Observation 3: Not transmitting PSS/SSS on synchronized new carriers avoids collision between PSS/SSS and DM-RS.
It will provide significant flexibility for using the fragmented bandwidth if all band-dependent reference signals, are not transmitted. Note that there are only 6 candidate bandwidths defined in LTE [6]. However, in practice, operators may face the problem that the available spectrum resource may not always conform to the bandwidth defined in LTE. If all band-dependent signals are not present, from perspective of RAN1, even without introducing new mechanisms, the operators are no longer restricted to the LTE bandwidth defined in [5]. 
Observation 4: Not transmitting band-dependent reference signals on synchronized new carriers can improve the flexibility in the bandwidth expansion and reframing the bandwidth.
Based on the above observations, we have the following proposal:
Proposal 1: PSS/SSS/CRS (include the new one-port RS defined for unsynchronized new carriers) can be configured to be not present for synchronized new carriers.
2.3 Reference synchronized carriers

If PSS/SSS/CRS are not transmitted on synchronized new carriers, UE can capture and track the necessary time/frequency synchronization with the aid of the reference carrier, which is synchronized with the new carrier.
In this case, the UE needs to know in advance to which carrier it refers. Considering the carriers deployed in each eNB would not be changed frequently, the reference carrier for the synchronized new carriers would not be changed frequently either. Hence, the linkage between the new carrier and its reference carrier could be configured in a semi-static manner, and the reference carrier used for capturing and tracking synchronization should be configured to UE by higher layer for reducing air-interface signalling overhead.
Proposal 2: The reference carrier used for synchronization and tracking should be configured to UE via higher-layer signaling.
2.4 RRM measurement for synchronized new carriers
In current specification, UE should report RSRP/RSRQ based on CRS measurement results for RRM purpose, e.g., mobility management and addition/removal of Scell(s). The properties of CRS, such as predetermined patterns and high density in time-frequency domain, are favorable from the perspective of RRM measurement.

However, if PSS/SSS/CRS (as well as the new one-port RS defined for unsynchronized new carriers) are not present on synchronized new carriers, other candidates for performing RRM measurement have be considered. There are mainly two options for performing RRM measurement on synchronized new carriers without PSS/SSS/CRS.

· Option 1: The RRM measurements for the synchronized new carrier can be performed on the reference carrier. A synchronization reference carrier and a synchronized new carrier have similar propagation and long-term channel characteristics. However, considering the RSRQ of synchronized new carrier would be different from that of synchronization reference carrier, Alt 1 needs to be further studied.
· Option 2: The RRM measurements for the synchronized new carrier can be performed based on the per-UE configured reference signals of the synchronized carrier, e.g. CSI-RS. This alternative also needs to be further studied for defining new RSRP/RSRQ report based on CSI-RS [7].
According the above analysis, we propose that:

Proposal 3: RRM measurements for the synchronized new carrier may be performed by CRS on the reference carrier or CSI-RS on the new carrier. Details are FFS.
3 Conclusion

In this contribution, we discussed various issues of synchronized new carriers and provided our recommendations. We had the following observations:
Observation 1: There is no need to transmit PSS/SSS/CRS (include the new one port RS) on the synchronized new carriers.



Observation 2: Not transmitting PSS/SSS/CRS on synchronized new carriers helps to fulfill the motivations of introducing new carrier type.
Observation 3: Not transmitting PSS/SSS on synchronized new carriers avoids collision between PSS/SSS and DM-RS.
Observation 4: Not transmitting band-dependent reference signals on synchronized new carriers can improve the flexibility in the bandwidth expansion and reframing the bandwidth.
Based on the above observations, we kindly suggest that RAN1 agree on the following proposals:
Proposal 1: PSS/SSS/CRS (include the new one-port RS defined for unsynchronized new carriers) can be configured to be not present for synchronized new carriers.
Proposal 2: The reference carrier used for synchronization and tracking should be configured to UE via higher-layer signaling.
Proposal 3: RRM measurements for the synchronized new carrier may be performed by CRS on the reference carrier or CSI-RS on the new carrier.
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