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1 Introduction
In RAN1 #72 RRM for the NCT was discussed, mainly addressing when RRM measurements are applicable. In the discussion, it was concluded that RRM measurements need to be supported on both synchronized and unsynchronized NCT. 
In RAN1 #73 stand-alone NCT versus CA-based NCT was discussed and it was concluded that
· In scenarios where CA is relevant, the gains of S-NCT compared to NS-NCT depend on the proportion of CA-capable UEs and are large when the proportion of non-CA-capable UEs is not small

· Note that, although it is not directly part of the above comparison, some companies have shown that BCT has similar gain over NS-NCT in such scenarios

· In the absence of legacy UEs, the gains of S-NCT compared to BCT show a large spread between different companies 

· Study further

In this paper we discuss the impact of NCT on RRM measurement requirements in CA mode. Requirements in section 8.3 of 36.133 [1], are applicable to all carrier aggregation capable UE which have been configured with at least one downlink SCell. The requirements for inter-frequency measurements, where NCT carrier is measured in gaps are presented in [2].
2 Summary of RRM Requirements for NCT
As mentioned in the introduction, there has not been any agreement in RAN1 whether NCT can be in stand-alone mode or only in CA-mode. In the following discussion we consider the CA-mode, i.e where NCT is in the Scell. Current assumption on common reference signals for NCT is that “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”. There has been no decision by RAN1 on the bandwidth of the RS port, i.e., whether full bandwith or partial bandwidth must be used. In the following we study the impact of NCT on the RRM requirements considering NCT in CA mode, and assuming RS port transmitted every 5th subframe.
The requirements related to RRM measurements and other functionalities for a secondary component carrier, which are defined in TS 36.133 and use cell specific reference signals (CRS) are listed below: 
· RSRP related requirements
· RSRQ related requirements

· Cell identification requirements

· Radio link monitoring

· UE autonomous transmit timing adjustment
The above requirements which exist since Rel-8 are analyzed in the context of new carrier type in the next section. 

3 Overview of Impact of NCT on RRM Requirements
When NCT is used in CA mode, the UE will be configured with SCell(s) on a new carrier type. This means the UE will be configured with the PCell on a legacy carrier (Rel-8) along with SCell(s) on NCT. Under this scenario the RRM requirements listed in section 2 are analyzed i.e. only SCell measurements and neighbor cell measurements on NCT needs to be considered. 
3.1 RSRP related requirements

In Rel-10 the RSRP measurements on cells on SCell carrier frequency (SCell and neighbor cells on secondary component carrier (SCC)) when SCell is configured is performed by the UE without measurement gaps. The measurement requirements on cells on SCC when the SCell is activated are based on Rel-8 intra-frequency measurements. 
The summary of current Rel-10 RSRP requirements for SCell and neighbor cells on SCC is as follows:

· They are applicable for both FDD and TDD; in TDD they apply for all TDD configurations as they are measured without gaps. The TDD configuration #0 contains 1 DL subframe per 5 ms and at least 1 symbol with CRS in DwPTS. This is quite similar to CRS availability in NCT. 
· Based on RSRP studies in early releases, in non DRX the UE typically samples CRS for RSRP over 1-2 ms snapshort once every 40-50 ms for up to 8 cells over L1 period. 

· The minimum requirements are also defined over 6 RBs. 

· The UE is mandated to use antenna port 0 for RSRP measurements. 

· The requirements are applicable for both synchronized and unsynchronized FDD systems. 

· Observation 1a:  Based on the above analysis, the UE is expected to meet existing Rel-10 requirements for RSRP on cells (SCell and neighbor cells) operating on NCT or the impact is expected to be very small. 
· Observation 1b: However the impact of less freedom in terms of measurement sampling due to reduced CRS periodicity needs to be studied in RAN4.  
3.2 RSRQ related requirements

The RSRQ measurement on cells on SCell carrier frequency in Rel-10 is also performed without measurement gaps. The corresponding measurement requirements for cells on SCC are also defined in a manner similar to RSRP i.e. based on intra-frequency RSRQ when the SCell is activated and as a function of measurement cycle when the SCell is deactivated. 

Therefore with respect to the reduced CRS periodicity on cells (SCell and neighbor cells) on NCT, the UE should be able to meet the current RSRQ measurement requirements.  

However with regard to the measurement bandwidth, RAN4 has identified scenarios where larger measurement bandwidth for RSRQ is needed to reflect the cell quality more accurately [2-3]. Similar scenario may exist on NCT e.g. one or more neighbor cells on SCell’s carrier may belong to UTRA FDD or operate over smaller bandwidth.  
· Observation 2a: UE should be able to meet existing Rel-10 requirements for RSRQ on cells (SCell and neighbor cells) operating on NCT with reduced CRS periodicity. 

· Observation 2b: Similar to RSRP, the impact of less freedom in terms of measurement sampling due to reduced CRS periodicity needs to be studied also for RSRQ in RAN4.  
3.3 Cell identification requirements

The cell identification is performed on PSS/SSS followed by RSRP or RSRQ measurement for reporting an identified cell (any of SCell and neighbor cells) on SCC in Rel-10. The cell identification is also performed without measurement gaps. The cell identification requirements on cells on SCC when the SCell is activated are also based on Rel-8 intra-frequency measurements. 
The PSS/SSS will be transmitted on NCT in a manner similar to the PSS/SSS transmission on a legacy carrier [1]. The requirements are also applicable for both synchronized and unsynchronized FDD systems. Therefore with regard to PSS/SSS the identification of SCell on NCT will not be affected. However any implication on RSRP or RSRQ will influence the overall cell identification delay. 

· Observation 3: With regard to PSS/SSS the identification of SCell on NCT will not be affected. Any implication on RSRP or RSRQ may influence the overall cell identification delay.
3.4 Radio link monitoring

The out of synch and in sync evaluation is done on CRS to determine the hypothetical BLER on PDCCH for purpose of radio link monitoring (RLM). 

In Rel-10 the radio link monitoring (RLM) is based on PCell even when the UE is configured with a SCell. In Rel-11 when multiple timing advanced groups (TAG) are used the RLM is still based on PCell according to the RAN2 agreements [4].

Therefore the RLM requirements are unaffected when UE is configured with SCell on NCT.

· Observation 4: There is no impact on RLM when UE is configured with SCell on NCT since RLM is based only on PCell.

3.5 UE autonomous transmit timing adjustment

The UE transmit timing requirements are defined in section 7.1 of TS 36.133. According to these requirements the UE is required to follow the change in the frame timing of the serving cell. The UE needs to maintain the initial transmission timing error within the specified limit with respect to the change in the downlink timing. The UE uses CRS for following the downlink frame timing. There are two sets of requirements:
· UE initial transmit timing error limit requirements

· UE maximum autonomous adjustment step and rate of adjustment (applicable only in non-DRX).

In Rel-10 even when UE is configured with a SCell the UE uses only the PCell as the reference cell for deriving the UE transmit timing.  

But in Rel-11 if UE is configured with multiple TAGs then UE will use:

· PCell as the reference cell for deriving the UE transmit timing for the TAG group containing the PCell. 

· SCell as the reference cell for deriving the UE transmit timing for the other TAG.
These requirements are applicable for both FDD and TDD; in TDD they apply for all TDD configurations as they are measured without gaps. The TDD configuration 0 contains 1 DL subframe per 5 ms and at least 1 symbol with CRS in DwPTS. This is quite similar to CRS availability in NCT.
Furthermore the base station transmit timing is not expected to change substantially over 5 ms i.e. between for example 2 consecutive subframes with CRS in NCT. Therefore UE can use more than one consective downlink subframes with CRS for downlink time tracking. 

The UE also typically uses antenna port 0 for transmit timing similar to the use of CRS based RSRP and RSRQ measurements. 

Based on the above discussion we can argue that with regard to the periodicity of CRS we don’t foresee any implication of CRS transmission once every 5 ms on SCell on NCT.

· Observation 5: The reduced CRS periodicity is not expected to affect the existing UE transmit timing requirements. 
4 Studies to Evaluate Impact on RRM Requirements
The introduction of reduced CRS periodicity in NCT leads to less flexibility in terms of measurement sampling used for RSRP and RSRQ measurements. RAN4 needs to perform link studies to evaluate the impact on RSRP and RSRQ accuracies assuming CRS transmission in one subframe every 5ms. This can wait until the discussion on RS port bandwidth is settled in RAN1.
5 Summary
In this paper we have briefly analyzed the impact of new carrier type on RRM requirements defined for measurements and functionalities which use CRS. Based on the analysis provided in this paper our initial assessment is that:
1. The UE is expected to meet existing Rel-10 requirements for RSRP on cells (SCell and neighbor cells) operating on NCT or the impact is expected to be very small. However the impact of less freedom in terms of measurement sampling due to reduced CRS periodicity needs to be studied in RAN4.
2. UE should be able to meet existing Rel-10 requirements for RSRQ on cells (SCell and neighbor cells) operating on NCT with reduced CRS periodicity. Similar to RSRP, the impact of less freedom in terms of measurement sampling due to reduced CRS periodicity needs to be studied also for RSRQ in RAN4.  

3. With regard to PSS/SSS the identification of SCell on NCT will not be affected. Any implication on RSRP or RSRQ may influence the overall cell identification delay.
4. There is no impact on RLM when UE is configured with SCell on NCT since RLM is based only on PCell.
5. The reduced CRS periodicity is not expected to affect the existing UE transmit timing requirements. 
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