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1 Introduction

In RAN1#67, following were agreed as new carrier type.

	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 this document, we discuss above definition of synchronized carrier and unsynchronized carrier, especially how to classify different cases according to the definition.
2 Discussion
According to the agreement, whether to be called as synchronized carrier or unsynchronized carrier is defined based on whether separate synchronization processing is required or not. We are not so clear what procedure is called as separate synchronization processing.

From timing perspective, we think the time difference between two carriers can be roughly categorized as followings.

Case 1. Up to around 1.3 s. This corresponds to time alignment between transmitter branches of antenna ports.
Case 2. Up to around CP length level. This corresponds to single FFT timing
Case 3. Up to around 33.3 s level. This corresponds to cross-carrier scheduling limitation
Case 4. Up to 1 ms level (1 subframe)
Case 5. No time synchronization at all

Above cases are categorized from timing synchronization perspective. On the other hand, we can be also categorized from frequency synchronization perspective.

Case X. Not necessary to have separate AFC among carriers

Case Y. Necessary to have separate AFC among carriers

Question 1: Synchronized carrier means only up to 1.3 s difference in time with common AFC (case 1/X); all other cases are defined as unsynchronized carriers?
This might be possible understanding in RAN1. On the other hand, DM-RS based transmissions on carriers within the same band might be categorized as a synchronized carrier operation because in our view up to CP length level synchronization is sufficient for DM-RS based transmission scheme. This is also valid for CoMP operation [1].
Question 2: Can UE always assume same band or different bands are the distinction between the need separate AFC and no need? 

UE is not informed whether separate clocks are used in the network or a common clock. We expect the separate band case would have different clocks. Even the same clock source in the network, it would be required to assume separate AFC because of the difference on the frequency. On the other hand, we are not sure whether the same band can be always assumed to have the same clock.
RAN2 and RAN4 discussed power imbalance between adjacent component carriers [2] [3]. According to the discussion, RAN2 concluded as follows[3].

	RAN2 assumes that in all CA deployment scenarios the network is supposed to keep sufficiently low power imbalance between adjacent component carriers by utilizing efficient RRM strategies, for instance by keeping the PCell as the strongest cell and/or releasing any too weak or strong SCells (causing too big power imbalance). Thus power imbalance problem should not be related to activation/deactivation of Scells.


According to above conclusion, our understanding is within the same band, the transmission points are sufficiently close in order to avoid power difference of path loss among CCs. Therefore, it might expect the same clock source but UE does not have any clue. 

Question 3: Synchronized carrier means whether cell search procedure using PSS/SSS is not used?
According to TS36.213 section 4.1 synchronization procedure [4], cell search using PSS/SSS is described. It says "cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the physical layer Cell ID of that cell." In recent RAN1 meeting, RAN1 has been mainly discussed frequency/time tracking using PSS/SSS/CSI-RS/CRS in the context of additional carrier. On the other hand, the time acquisition and detection procedure has not been so much discussed. If time difference is case 4 and case 5, PSS/SSS based time acquisition procedure would be essential. If time difference is case 3, PSS/SSS based time acquisition procedure can be used but also time acquisition may be realized other means without PSS/SSS based search procedure. In case 1/2, PSS/SSS based time acquisition procedure is not necessary at all. For small/dense cell deployment with low mobility target, cell identification not using PSS/SSS but using other signal like discovery signal would be more efficient [5]. 
Whether PSS/SSS based time acquisition procedure is used or not makes difference on the procedure including mobility handling. It could be argued that cases where PSS/SSS based cell search procedure is not required as synchronized carriers and cases where PSS/SSS based cell search procedure is required as unsynchronized carriers from this perspective.
Question 4: Is the possibility of cross carrier scheduler scheduling a criterion for (un-)synchronized carriers?
Case 1-3 can support cross carrier scheduling. Case 4/5 would not support cross carrier scheduling if we don't revisit the maximum time difference for cross carrier scheduling. The larger the time difference, the larger UE buffer before data reception [6]. We think whether cross carrier scheduling is feasible or not makes a big operation difference. We should distinguish the case when cross carrier scheduling is feasible and when cross carrier scheduling is not feasible.
Question 5: What is the use-case of case 4 and 5?
We are not sure what is the actual use case for two such carriers at this moment.
We listed several questions on the current definition of synchronous carriers and unsynchornous carriers. Without common understanding of the definition and without common understanding of the target scenario, the final function of additional carriers might be unnecessarily complex and the function could be very similar to a backward compatible carrier.  As an additional carrier is non-backward compatible, it should have sufficiently large merit. We propose to emphasize the scenario discussion and not to design multi-purpose generic carrier. The good understanding of the scenario is essential to obtain the gain from "less is more" concept [7] in additional carrier. Also, it might be good to check the time frame on the additional carrier. 
3 Conclusions

We list several questions on current definition of synchronized carrier and unsynchronized carriers.  We propose to discuss rather the specific scenario as additional carrier.
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