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1. Introduction 
In RAN1#68bis meeting [1], the reduction of CRS transmission had been discussed for un-synchronized new carriers, and some observations and agreements were concluded as follows: 

Observations:

· Widespread support for supporting reduced CRS in the time domain, e.g. 5ms periodicity

· Some companies are also mentioning benefits of reduced CRS in frequency domain

Agreement (at least for the unsynchronized 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

· FFS how RSRP measurements would then be handled for the NCT 

· Ask RAN4 for guidance on RRM measurement handling

· BW is FFS until RAN1#69 between one of:

· full system BW, and

· Objections to removing: CATT, Docomo, Mediatek, Intel, NSN, Nokia, CMCC, Samsung, LG, Qualcomm, MotM, E///, ST-E

· min(system BW, X) where X is selected from {6, 25}RBs

· Ask RAN4 for guidance on which BW 

· Objections to removing: Fujitsu, HW, HiSi, ALU, ASB, NEC, Docomo, ZTE

· configurable between full system BW and min(system BW, X)

· Objections to removing: HW, HiSi, 

· Inform other WGs
According to the conclusion, how RSRP measurement should be handled for the unsynchronized NCT is still for further study, also, it is not clear on whether and how to do RRM measurement for synchronized NCT. In this contribution, we analyze the possible ways to implement the RRM measurement and present our views on the different options.
2. Motivation to do RRM measurement on NCT
We have already identified two scenarios for the first phase study on NCT. One is the unsynchronized NCT where the legacy and new carrier type (NCT) are not synchronized with the same degree of accuracy as for the synchronized carriers. The other one is the synchronized NCT where the legacy and NCT are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver.
It is a natural choice to have the separate RRM measurement procedure of the unsynchronized NCT. For the synchronized NCT, it should be in the same frequency band and co-located with the legacy carrier, so the synchronization information could be acquired from the associate legacy carrier since the synchronized new carrier type could have similar propagation characteristic with legacy carrier. Some companies also proposed to have common RRM measurement for legacy carrier and the synchronized NCT. However, we think this may not provide accurate measurement for NCT since the interference condition on the synchronized NCT and the legacy carrier could be different. For example, the neighboring cells could operate NCTs on the same or overlapping spectrum, while operates the legacy carriers on different or non-overlapping spectrums. In this case, the interference condition on legacy carrier and synchronized NCT could be different as illustrated in figure 1. Thus, we see the need to have separate RRM measurements on the synchronized NCT as well.
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Figure 1: Different interference observed between legacy carrier and NCT

Proposal 1:

· Separate RRM measurement should be implemented for both synchronized and un-synchronized NCT

3. RRM measurement for unsynchronized NCT
RAN1 has recommended using the CRS with reduced density in time domain for RRM measurement on unsynchronized NCT and is still seeking the feedback from RAN4. There are two issues remain to be discussed. The first remaining issue is whether we need to further reduce the density of the CRS in frequency domain. Some companies still see the benefit to further reduce the density in frequency domain for further overhead saving. However, it seems more preferable to keep the full bandwidth CRS transmission based on the following observations:

1) RAN4 has already noticed some performance loss on the accuracy of RRM measurement due to   reduced CRS transmission in time domain. So we need to be careful to further reduce the CRS density in frequency domain.
2)  As we have already reduced the CRS density in time domain, the benefit of the overhead saving would not so significant if we reduce the density in frequency domain. 
· One port CRS with 5 ms period already bring the CRS overhead down to about 1%. Further reduction of CRS would only bring fractional overhead saving. 

3) The CRS transmission on partial system frequency band will bring some complexity regarding the neighboring cell measurement and CRS IC, since UE needs to know the location of the neighboring cells’ CRS location. Additional high layer signaling is required in this case. 
4) The CRS transmission on partial system frequency band may also increase the complexity of the UE implementation as the UE needs to support RRM measurement assuming CRS transmission on both  full system band and partial system bandwidth 
The other remaining issue is how to determine the subframe location that carries the CRS transmission with reduced density in time domain. Two options had been proposed:
· Alt 1: transmit CRS in the same subframe as the PSS/SSS
· Alt 2:Make it configurable on  the subframes that CRS are transmitted 
In our view, Alt 2 may be more beneficial at least from the viewpoint of avoidance of CRS collision, however, the location of CRS transmission for TDD system should be further investigated.

Proposal 2:

· Keep the full bandwidth CRS transmission for the RRM measurement on the unsynchronized NCT
4. RRM measurement for synchronized NCT

The RRM measurement for the synchronized NCT is quite related to the signalling design. It is yet not decided whether or not the CRS will be transmitted on the synchronized NCT. If we maintain the CRS pattern the same with that on the unsynchronized NCT, it would be a choice to utilizing the CRS to do RRM measurement to keep a unified design with the unsynchronized NCT. If the CRS is not transmitted on the synchronized NCT, some companies have proposed to use the CSI-RS for the RRM measurement. However, it has already been demonstrated in Rel-11 that the performance of the RRM measurement can’t meet the requirement if CSI-RS only is used due to the sparse CSI-RS transmission. One way to solve this is to introduce new CSI-RS configurations that are much denser than that is currently specified to satisfy the RAN4 performance requirement. This will bring additional complexity and impact to the standard. 
In our view, it is beneficial to keep the CRS transmission on the synchronized NCT based on the following observations:

· The CRS overhead on the legacy carrier has already been reduced by more than a factor of 10 (15% for 4 CRS ports to 1% for 1 CRS ports with larger period) on the new carrier for at least the unsynchronized case. We can only expect slight overhead  if we also transmit  the CRS on the synchronized NCT

· If we have different design on synchronized NCT and unsynchronized NCT, UE may need to be informed if the NCT is synchronized or unsynchronized and different designs such as rat-matching would be needed for synchronized or unsynchronized NCT This would increase UE complexity.
So we would prefer to keep a unified design for the RRM measurement between synchronized NCT and unsynchronized NCT.
Proposal 3:
· Transmit and use CRS for RRM measurement on synchronized NCT and use the same CRS configuration as that for unsynchronized NCT

5. Conclusions

In this contribution, we analysed the RRM measurement for both unsynchronized NCT and synchronized NCT. The following proposals were made based on our analysis:
Proposal 1:

· Separate RRM measurement should be implemented for both synchronized and un-synchronized NCT

Proposal 2:

· Keep the full bandwidth CRS transmission for the RRM measurement on the unsynchronized NCT

Proposal 3:

· Transmit and use CRS for RRM measurement on synchronized NCT and use the same CRS configuration as that for unsynchronized NCT
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