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1 Introduction
In RAN1# 68bis meeting, 1 RS port consisting of the Rel-8 CRS port 0 REs per PRB and Rel-8 sequence is agreed for tracking purpose. How RRM is performed was left FFS. 

	·  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


This contribution discusses RRM related issues in NCT [1] assuming with 5msec periodicity tracking RS as agreed.
2 Questions from RAN1 #69
During the discussion of handling the conflict between PSS/SSS and DM-RS, a couple of questions were raised including the following:

· Is it useful for legacy UEs to be able to make RRM measurements on an NCT? 

· Are there interference issues with NCT and legacy control region on the same frequency? 

As we think there are use cases where NCT and legacy carrier may exist in the same frequency, our view is “Yes” to these questions such that it would be desirable to allow RRM measurement on NCT by legacy UEs and avoid unnecessary interference on legacy control region by NCT carrier control and data channels. 
The number of use cases can be considered where co-channel case between NCT and LCT would be beneficial are as follows:
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Figure 1. CA-based HetNet example utilizing NCT
(1) Carrier aggregation based HetNet: When f1 and f2 are shared between macro and pico cells as shown in the Figure 1, if f2 of Macro cell is a NCT carrier, f2 can be used as a legacy carrier in the pico cell without heavy interference from the macro cell due to legacy control channels and continuous transmission of CRS.
(2) CoMP Scenario 3/4: To maximize the potential spectral efficiency, NCT can be utilized at least in RRHs in CoMP Scenario 3/4 to eliminate CRS overhead and control region overhead/interference.  
(3) Migration from legacy carrier to NCT: To deploy a NCT carrier, it is not straightforward to assume that a dedicated frequency is reserved for new carrier type due to spectrum shortage/cost issue. Thus, at least during migration period, NCT would utilize the same frequency to LCT which causes the coexistence issue between legacy carrier and non-backward compatible carrier.
Proposal 1: Coexistence between legacy carrier and NCT is assumed for NCT design. 
3 RSRP/RSRQ definition for NCT

Without cell specific RS (CRS) in NCT, whether to use TRS or CSI-RS for RRM shall be decided. Though the bandwidth of TRS is not determined yet, overall the density of TRS is expected to be higher than that of CSI-RS. More importantly, TRS is transmitted every 5msec where CSI-RS period can be configurable. If RRM is performed based on TRS, a UE may assume the RS will be present at least every 5msec in normal condition. Therefore, our view is that RRM should be performed using tracking RS if tracking RS is present. 
Proposal 2: Tracking RS if present can be used for RRM measurement. 
The definitions of RSRP and RSRQ in legacy carrier are shown in Table 1 [2]. 
	RSRP
	Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.

For RSRP determination the cell-specific reference signals R0 according TS 36.211 [3] shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RSRP.

The reference point for the RSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRP of any of the individual diversity branches. 

	RSRQ
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over all OFDM symbols in the indicated subframes.

The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.


Table 1. Definition of RSRP and RSRQ for a legacy carrier

Currently, RSRP and RSSI measurement are limited to OFDM symbols carrying cell specific RS without restricted measurement configured. With the extension of cell specific RS to include tracking RS, maintaining RSRP and RSSI measurement to OFDM symbols carrying TRS would work for NCT RRM.

4 Intra-frequency RRM in NCT

A UE is required to report RRM measurement per serving cell and also intra-frequency neighbour cells. The requirement of legacy carrier RRM is determined based on the assumption that CRS is transmitted every subframe, and it is necessary to review whether the same requirement can be kept for NCT where TRS is transmitted every 5msec and whether any additional support is needed in RRM to address periodic TRS transmission. 

RRM Measurement Subframe Selection:

Currently, it is up to UE implementation how many and when to select subframes for RRM measurement. With periodic TRS transmission, the UE may need to know when TRS is transmitted so that it can select subframes among TRS subframes for RRM measurement. For the serving cell RRM measurement, a UE is assumed to acquire the cell type (e.g., NCT) and necessary system information such as subframe offset of TRS subframes (if configurable) at configuration of a cell. Thus, RRM measurement based on TRS would be rather straightforward. 
For intra-frequency RRM measurement, however, the information of TRS subframes of a neighbour cell may not be known to a UE always. Possibly the following two options may be considered:

(1) Restricted RRM measurement: one approach is to restrict the subframes usable for RRM to subframes carrying tracking RS. As restricted RRM measurement is proposed to handle better RRM in ABS scenario, this approach may not be desirable unless it is guaranteed that ABS will not be utilized for NCT. 

(2) Cell type indication in measurement object: when a UE is configured with measurement object, the measurement request may include the cell type or information of TRS of the target cell.
Proposal 3: To efficiently handle neighbour cell RRM on NCT, cell type or TRS information can be carried in a measurement object. 

RRM Measurement Requirement:

Current intra-frequency RRM requirement for legacy carrier is 200msec assuming 40msec or less DRX cycle. Periodic TRS transmission in NCT however may have some impact on the requirement as illustrated in Figure 2
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Figure 2. Illustration of Absence of TRS in Active Time during DRX
Figure 2 is an example of a DRX cycle with 40msec with 2msec on duration with two neighbour NCT cells with 5msec TRS transmission period. As shown in the left circle of Figure 2, if there is no TRS transmitted during active time of a DRX cycle, a UE may not be able to measure RSRP of a NCT carrier in that DRX cycle. In other words, with DRX setup, the number of possible samples for NCT RRM measurement would be reduced compared to legacy carrier. To handle this issue, either active time (OnDuration) of a DRX cycle may not be lower than 5msec (and thus at least one TRS is transmitted during an active time) or intra-frequency RSRP requirement may have to be relaxed. 
Moreover, for NCT, subframes carry tracking RS may be assumed as non-MBSFN subframes to enhance RRM measurement. 
5 Intra-frequency RRM on NCT by a legacy UE

Even though a legacy UE may not be able to hand-over to a NCT carrier as NCT is not backward compatible, it is still worthwhile to measure RSRP for better interference coordination. Since NCT carries TRS every 5msec, restricted RRM measurement on a neighbour NCT cell would be necessary. 

A neighbour RRM measurement by a legacy UE on a NCT carrier can be performed by configuring a measurement object for intra-frequency NCT carrier where the measSubframePaternConfigNeigh will be restricted to subframes carrying tracking RS and tracking RS port is assumed to be the same as CRS port 0. 

To support RRM, a legacy UE is expected to search intra-frequency NCT carriers so that proper intra-frequency measurement object can be configured for a neighbour NCT carrier. Thus, it is desirable to keep the same location of synchronization channel to that of Rel-8 synchronization channels in NCT.

We do not think that inter-frequency support for NCT is necessary by a legacy UE as it cannot be hand-over to the NCT. 
Proposal 4: At least legacy UE supporting restricted RRM measurement should be able to identify the cell and measure RSRP for intra-frequency NCT carriers. 

6 Conclusions

Proposal 1: Coexistence between legacy carrier and NCT is assumed for NCT design. 

Proposal 2: Tracking RS if present can be used for RRM measurement. 

Proposal 3: To efficiently handle neighbour cell RRM on NCT, cell type or TRS information can be carried in a measurement object.
Proposal 4: At least legacy UE supporting restricted RRM measurement should be able to identify the cell and measure RSRP for intra-frequency NCT carriers.
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