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1 Introduction

Radio Resource Management (RRM) measurements are performed to handle, e.g., cell selection and cell reselection. LTE supports RRM measurements by means of RSRP and/or RSRQ; both of them are based on CRS measurements. A further mechanism is Radio Link Monitoring (RLM), which aims to determine whether the UE is in-sync or out-of-sync with the serving cell. RLM measurements are also made from the CRS. We anticipate that RRM by means of RSRP and RSRQ measurements should be supported for an NCT in a similar fashion as for a legacy carrier and possibly also an RLM procedure is needed. Hence, a main point would be how to define these measurements for an NCT, e.g., which antenna ports and subframes that should be utilized, which is discussed in this contribution.  
2 RSRP/RSRQ measurements  
The unsynchronized NCT will have to contain a signal that provides for time- and frequency synchronization. The discussions at RAN1#68bis concluded in that a time/frequency Reduced CRS (RCRS) should be transmitted for this purpose and this would constitute a new antenna port for the NCT. This was communicated to RAN4 in the LS [1], which also contained a question on how RRM measurements should be handled for the NCT. RAN1 has so far not received any response to the LS and should not forego RAN4’s input.

( RAN1 needs to await the response from RAN4 to the LS [1] before proceeding with RSRP/RSRQ definitions.

However, the discussions in RAN4 seem to indicate that the RCRS may provide sufficient RRM measurement accuracy (cf. [2]), yet its bandwidth is still being discussed. In terms of time- and frequency synchronization, several companies have raised concerns on that, for some carrier bandwidths, having a 5 ms period of the RCRS results in worse throughput performance than for a legacy carrier [3]. If RAN4 confirms this, RAN1 may have to consider decreasing the RCRS period. Nevertheless, once finalized, we anticipate that the RCRS will be able to provide for both RRM measurements and time- and frequency synchronization. An expected advantage of using the RCRS for RRM is a limited impact to RAN4, which may be able to reuse much of their requirements and procedures from the CRS-based RSRP/RSRQ. The UE implementation may also benefit from using the RCRS for RRM due to its similarity with the CRS. 
Other candidate signals for RSRP/RSRQ measurements may be the PSS/SSS or the CSI-RS. However, that would imply completely new RSRP/RSRQ measurements principles and likely much more work for RAN4 and additional UE complexity. It is also unclear if the PSS/SSS will be transmitted for the synchronized carrier case [4]. The CSI-RS is sparser than the RCRS and unless the network is deployed with sufficient synchronization as in CoMP scenario 4, its density may need to be increased in order to guarantee sufficient measurement performance, which may not be desirable considering that overhead reduction on the NCT compared to a legacy carrier is already moderate [4]. Therefore, given that the RCRS will be transmitted for synchronization purposes, if the RCRS is able to provide RRM measurements as well, there does not seem to be any compelling reason to utilize a complimentary signal (such as PSS/SSS) or redesign an existing antenna port (such as increasing the density of the CSI-RS) in order to achieve the same thing. 
( If RAN4 finds that the Reduced CRS antenna port can provide sufficient RSRP/RSRQ accuracy, RRM measurements on the NCT should be based on the RCRS. 

If on the other hand, the RCRS would not be able to provide RRM measurements, mechanisms involving PSS/SSS and CSI-RS may need to be considered. We further note that there could be features for which other possible measurements should not be precluded and which could be introduced separately, such as CSI-RS RSRP for CoMP and cell discovery procedures for small cell enhancements.

For the synchronized carrier case, we consider the main deployment scenario to be contiguous intra-band carrier aggregation, especially for aggregated bandwidths within 20 MHz, and the NCT would always be an SCell. The interference on the SCell would then be similar to that of the PCell. This suggests reusing the RRM measurements from its associated PCell would be feasible, in case the PSS/SSS and RCRS are not transmitted [4]. 

( If a synchronized NCT is defined without the Reduced CRS, it should be considered to obtain RSRP/RSRQ measurements on the associated PCell.
3 RLM measurements

RLM measurements are made on the PCell only, in order to evaluate the downlink radio quality. The evaluation is made by measuring on the CRS and predicting the block error rate of a hypothetical PDCCH/PCFICH transmission [5]. The relation between the CRS measurement and the predicted block error rate is proprietary in the UE and is not specified. If the NCT is deployed as non-standalone, it serves as an SCell. Thus, it is not necessary to provide RLM on the NCT.
( If the NCT is an SCell, RLM should not be performed on the NCT.

If a standalone NCT is to be specified, it may serve as a PCell and it needs to support RLM measurements. Following the existing methodology, the UE should measure on a reference signal and predict the block error rate of a hypothetical downlink control channel transmission. For an NCT, there is RCRS but no CRS and there is EPDCCH but no PDCCH/PCFICH. If the analogy should be kept with the legacy case, RLM measurements should be made on the reference signal associated with the demodulation of the hypothetical downlink control channel transmission, i.e., the DM-RS and the EPDCCH. However, this does not appear viable as the DM-RS is only transmitted in the PRB pairs and subframes for which the UE has an actual EPDCCH transmission. The CSI-RS is transmitted periodically but is not used for demodulating the EPDCCH and would therefore also not be directly applicable. A completely different methodology would be to perform RLM on a hypothetical broadcast channel and its associated antenna ports. On the other hand, such an approach was not made for the legacy carrier and it is not obvious how the quality of downlink control channels would be related to that of the broadcast channel.
The most reasonable alternative would thus be to base the RLM measurements on the RCRS, which is also inline with the RRM measurements discussed in Sec. 2. Since the RCRS would not be used for demodulation of the EPDCCH, the downlink radio quality could be evaluated by a hypothetical PDCCH/PCFICH transmission. Obviously, there would never be any actual PDCCH/PCFICH transmission on the NCT but since the UE would anyway be capable of PDCCH/PCFICH reception on a legacy carrier, it could be considered to perform RLM similarly for NCT. This would allow the UE to use the same RLM procedure as on a legacy carrier with the exception of using the RCRS instead of the CRS. An alternative would be to measure on the RCRS but assume a hypothetical EPDCCH transmission but then the linkage between the demodulation reference signal and the downlink control channel is non-existent. This would for example make it difficult to capture any precoding gains of the EPDCCH and may not have any advantage over assuming a hypothetical PDCCH/PCFICH instead. 

It should be noted that the link performance of the PDCCH may be better than the EPDCCH, while considering inter-cell interference, the EPDCCH may be better than the PDCCH. The RLM compares the hypothetical PDCCH/PCFICH block error rate to two thresholds (Qout and Qin) and it could be considered to change these in order to reflect in-sync or out-of-sync of the EPDCCH. However, it seems this is within the scope of RAN4. 
 ( If the NCT is a PCell, study further whether to base RLM measurements on the Reduced CRS and assume a hypothetical transmission of the PDCCH/PCFICH. 
4 RRM/RLM resource restricted measurements

All UEs accessing an NCT would be capable of EPDCCH reception, which is expected to be a major component in frequency-domain ICIC. In that sense, usage of time-domain ICIC by means of Almost Blank Subframes (ABSs) may be less pronounced on the NCT. Furthermore, the inter-cell interference may be smaller of an NCT due to the RCRS being transmitted only in a subset of the subframes, reducing the need for time-coordination. On the other hand, ABS bitmaps are signaled over X2 among eNodeBs and can apply to any type of cell, e.g., macro, pico or femto and it is reasonable to study whether there are merits from utilizing ABS on the NCT. 

Relevant scenarios involving NCT carriers that could benefit from ABSs would be same carrier frequency deployments of NCT and legacy carriers [6]. A study could, e.g., include:  
· Legacy macro cell – NCT pico cells
· NCT macro cell – NCT pico cells

· NCT and legacy macro cells – legacy pico cells

 ( Identify whether there are deployment scenarios where RRM/RLM resource restricted measurements should be applicable to an NCT.
A number of additional issues may also be considered with regards to the feasibility and merits of using ABSs on NCT. When ABSs are configured, RRM and RLM measurement resource restriction is informed to the UE [7] by means of a parameter MeasSubframePattern [8]. Two kinds of measurement resource restriction patterns can be signaled:

-
A single RRM/RLM measurement resource restriction pattern for the PCell.

-
A single RRM measurement resource restriction pattern for indicated list of neighbour cells operating in the same carrier frequency as the PCell. 

On a legacy carrier, all subframes contain the CRS and it would, at least for RRM/RLM purposes, be possible to arbitrarily select the set of ABSs. Now, for an NCT, only some subframes in the radio frame may contain a proper reference signal for RRM/RLM (e.g., the RCRS). The specification [5] gives that the RRM performance requirements are specified assuming that:
1. Four symbols containing CRS are available in all subframes indicated by the time domain measurement resource restriction pattern.
2. The time domain measurement resource restriction pattern configured for the measured cell indicates at least one subframe per radio frame for performing the intra-frequency measurements.

Similarly, the RLM performance requirements are specified assuming that:

3. The time domain measurement resource restriction pattern configured for the measured cell indicates at least one subframe per radio frame for performing the radio link monitoring measurements.

If the RCRS is defined using the REs of antenna port 0, as currently is assumed, there would be 4 RCRS symbols in the subframe. However, since not all subframes contain the RCRS, point 1 may not be fulfilled on an NCT. On the other hand, point 1 and 2 suggest that it is possible to configure a single ABS as long as it contains a CRS. However, an ABS pattern with a single subframe may be less useful in practice. Thus further study may be needed on whether relaxing the requirement on point 1 could avoid restricting the ABS patterns. For example, it needs to be determined how many subframes have to contain the Reduced CRS in the ABS pattern. 
( It needs to be investigated whether all or some (and how many) subframes indicated by the time domain RRM/RLM measurement resource restriction pattern have to contain the Reduced CRS.
Point 1 and 2 suggest that the ABS pattern could be chosen less freely on an NCT due to not having RCRS in all subframes. For example if 2 subframes per radio frame contain the RCRS, any ABS pattern would always need to contain at least 1 of those 2 subframes. This may reduce the gains since ABS patterns are typically designed considering the uplink HARQ timeline. Moreover, the ABS ratio should be selected carefully depending on system load and cell range expansion bias. Having certain subframes being mandatory in an ABS pattern may affect the flexibility in finding suitable ABS patterns.   
5 Conclusions
With regards to RRM/RLM measurements, we observe the following:
· RAN1 needs to await the response from RAN4 to the LS [1] before proceeding with RSRP/RSRQ definitions.

· If RAN4 finds that the Reduced CRS antenna port can provide sufficient RSRP/RSRQ accuracy, RRM measurements on the NCT should be based on the RCRS. 

· If the NCT is an SCell, RLM should not be performed on the NCT.

· If the NCT is a PCell, study further whether to base RLM measurements on the Reduced CRS and assume a hypothetical transmission of the PDCCH/PCFICH. 

· Identify whether there are deployment scenarios where RRM/RLM resource restricted measurements should be applicable to an NCT.
· It needs to be investigated whether all or some (and how many) subframes indicated by the time domain RRM/RLM measurement resource restriction pattern that have to contain the Reduced CRS.
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