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1 Introduction
In the RAN1 #68bis meeting, the following agreement has been reached for the unsynchronized NCT carrier [1]:
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.
With this agreement, RAN1 sent an LS to RAN4 concerning the appropriate bandwidth of the RS port [2] and received the response from RAN4 in the RAN1 #73 meeting [3].
However, with regard to the synchronized NCT, although it was extensively discussed in the RAN1 #72 whether or not PSS/SSS/CRS should be transmitted, no consensus was reached [4].
In this contribution, we discuss some issues on reduced CRS designs for NCT based on previous RAN1 discussions and the RAN4 LS response.
2 Discussion
It has been previously discussed that CRS is needed, not just only for the synchronization of carriers, but successful implementation of RRM measurements [5]. Thus, it is important that we discuss the CRS designs with these two aspects.
There are three possibilities of NCT configurations that are currently supposed to have reduced CRS: non-standalone unsynchronized NCT, non-standalone synchronized NCT, and standalone NCT. Below are the summaries of our observations from the previous discussions.
(1) Non-standalone unsynchronized NCT

It has been agreed that reduced CRS is necessary for synchronization.  On the other hand, it has not been agreed yet whether it should be used for RRM measurement. Since CSI-RS does not provide sufficiently accurate results in the RRM measurement, some companies argue that reduced CRS should be used for the RRM measurement [6]. This is yet to be agreed.
(2) Non-standalone synchronized NCT

Since the synchronized NCT carriers are literally synchronized with a legacy carrier with regard to time and frequency, it can be understood that they do not necessarily need CRS for synchronization. However, in [5], it has been discussed that even the synchronized NCT carriers should have CRS for the purpose of the successful RRM measurements. This is yet to be agreed.
(3) Standalone NCT 
The benefits of standalone NCT have been discussed in RAN1#73 [7].  However, the design of reduced CRS has not been discussed yet, as far as we are concerned. Since the standalone NCT is required to operate by itself, it is considered that some reduced CRS should be presumably needed.  RRM measurement should also be performed by itself using its own CRS.
From above observations, synchronization can be achieved without the help of reduced CRS in the non-standalone synchronized NCT. However, it is considered that use of the reduced CRS provides some additional robustness for the non-standalone synchronized NCT, which can be useful when the UE maintains its UE-perspective synchronization.
For the RRM measurement, use of the reduced CRS can be considered essential because it ensures the robust measurements in all the NCT configurations above.
Thus, it should be efficient if we use the same reduced CRS for all the NCT configurations. This unified design of reduced CRS provides robust operations for both the synchronizations and the RRM measurements. 
Proposal 1:


The same reduced CRS design should be used for all the above NCT configurations.

In response to the RAN1 LS [2], some observation and conclusions for unsynchronized carriers have been presented from RAN4 [3]:
　
· Observations 

· For system bandwidth up to 25 RBs, 

· full CRS bandwidth is required for time-frequency tracking performance with 5ms periodicity

· For the system bandwidth of 6 PRBs, there is no consensus whether robust time-frequency tracking performance can be guaranteed with full CRS bandwidth and 5 ms periodicity

· For system bandwidth larger than 25 RBs, 

· full CRS bandwidth is beneficial to improve time-frequency tracking performance and RRM measurement accuracy

· CRS bandwidth with 25 RB can satisfy the minimum RRM measurement requirement

· Conclusions:

· Full system bandwidth for the RS-port 0 improves time tracking, frequency tracking performances, and RRM measurements accuracy

· There is no consensus on whether bandwidths lower than full bandwidth of the RS-port is sufficient 

In the above observation, no consensus has been obtained in RAN4 as to whether the robust tracking is possible when the system bandwidth is 6 RB. Some periodicity shorter than 5 ms may be desirable for the sufficiently robust tracking in the 6-RB case.
Moreover, when the system bandwidth is larger than 25 RBs, since CRS bandwidth of 25 RBs can only satisfy the minimum requirement for the RRM measurement, more CRS bandwidth may be requested to obtain accurate measurements. 
Although these observations are intended for the unsynchronized carriers, these results should also apply to the synchronized carriers and the standalone carriers, as they should require similar performance in the robust acquisition of the UE-perspective synchronizations. 
Table 1 summarizes the proposed CRS design parameters, which should be used for both S-NCT and NS-NCT (synchronized/ unsynchronized). 
	System bandwidth
	CRS bandwidth
	CRS periodicity

	6RB
	6RB
	5ms or smaller than 5ms

	Up to 25RB
	Full bandwidth
	5ms

	More than 25RB
	25RB or more  (configurable)
	5ms


Table 1 Proposed CRS parameters for NCT.
When the UE handles multiple component carriers with different system bandwidths in the carrier aggregation, it is anticipated that the appropriate CRS bandwidth/periodicity may be different between the carriers. Thus, it is desirable that the UE operate with multiple reduced CRS with different CRS bandwidth and/or periodicity. 

Although the same reduced CRS design is preferable, it may be desirable that the CRS bandwidth should be configurable, when necessary. Thus, NCT carriers with the CRS bandwidth of more than 25 RBs should be configurable as it may require some flexibility. 

Proposal 2:


Different CRS bandwidth and/or periodicity parameters per component carrier should be supported.
Proposal 3:


The network provides the UE with the CRS bandwidth information when the NCT system bandwidth is more than 25 RBs.

3. 
Conclusions
In this contribution, we discussed some concerns on reduced CRS designs for NCT.

The following proposals are made: 
Proposal 1:


The same reduced CRS design should be used for S-NCT and NS-NCT (synchronized/ unsynchronized) configurations.

Proposal 2:


Different CRS bandwidth and/or periodicity parameters per component carrier should be supported.
Proposal 3:


The network provides the UE with the CRS bandwidth information when the NCT system bandwidth is more than 25 RBs.
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