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1 Introduction
In RAN4#63, “LS on the RS for additional carrier types for carrier aggregation enhancement”, has been received from RAN1 [1]. 
In this paper we analyze the impact of RAN1 agreements on requirements for the RRM functionalities which rely on the cell specific reference signals (CRS). We also propose the studies required in RAN4 to address the questions raised in RAN1 LS. 
2 Summary of RAN1 Agreements
The excerpt from RAN1 LS [1] is quoted below:

Agreement (at least for the case of a carrier of the new type being “unsynchronised” (see below for definition in this context) with the associated backward-compatible carrier):

· 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 

· Bandwidth of the RS port is FFS until RAN1#69 between one of:

· full system BW, and

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

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

Agreement (for unsynchronised cases): Rel-8 PSS/SSS sequences are transmitted.

According to the above RAN1 agrement in an unsynchronized additional carrier type (aka new carrier type) the CRS will be transmitted in a subframe every 5 ms. RAN4 needs to analyze the implication of reduced CRS periodicity compared to Rel-8 and also the impact of CRS bandwidth on RRM requirements.
3 Summary of RRM Requirements Dependent on CRS
The requirements related to RRM measurements and other functionalities, 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. 

4 Overview of Impact on RRM Requirements
In Rel-11 if new carrier type (NCT) is used then the UE will only 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 3 are analyzed i.e. only SCell measurements and neighbor cell measurements on NCT needs to be considered.

4.1 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. On the other hand when the SCell is deactivated the measurement requirements for cells on SCC are defined as a function of measurement cycle (measCycleSCell), which in turn were based on principle used for defining requirements in DRX to enable UE battery saving. 
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 # 1 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. 

· Proposal#1a: Based on the above analysis it can be argued that 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. 
· Proposal#1b: However the impact of less freedom in terms of measurement sampling due to reduced CRS periodicity needs to be studied in RAN4.  

4.2 RSRQ related requirements

The RSRQ measurement on cells on SCC 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. We therefore believe that it is desirable to have CRS transmitted over larger bandwidth (preferably over entire system bandwidth).  
· Proposal#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. However CRS transmission over entire system bandwidth is preferred. 

· Proposal#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.  
4.3 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. But when the SCell is deactivated the requirements for cells on SCC are also defined as a function of measurement cycle (measCycleSCell). 
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. 

· Proposal#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.
4.4 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.

· Proposal#4: There is no impact on RLM when UE is configured with SCell on NCT since RLM is based only on PCell.
4.5 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).

Both sets of requirements are defined as a function of system bandwidth (downlink bandwidth of serving cell). This means that the UE is required to meet requirements considering the full bandwidth of the cell. 

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 # 1 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.
· The CRS bandwidth, the CRS should be transmitted over the entire bandwidth on NCT since UE uses full BW on SCell when multiple TAGs are configured. 

Therefore in summary the use of CRS over the full bandwidth is required. 

· Proposal#5: The reduced CRS periodicity is not expected to affect the existing UE transmit timing requirements. However CRS needs to be transmitted over the entire system bandwidth to meet the existing requirements which depend upon bandwidth. 
5 Studies to Evaluate Impact on RRM Requirements
The introduction of reduced CRS periodicity in NCT lead to less flexibility in terms of measurement sampling used for RSRP and RSRQ measurements. We therefore propose that RAN4 performs link studies to evaluate the impact on RSRP and RSRQ accuracies assuming CRS transmission in one subframe every 5 ms. The proposed simulation assumptions for RSRP and RSRQ measurements on NCT are proposed in [5]. 

6 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. Reduced CRS periodicity of CRS transmission in one subframe per 5 ms may not significantly affect the RRM requirements related to measurements and functionalities relevant for the NCT.
2. CRS transmission only on CRS antenna port # 0 is sufficient for measurements and functionalities relevant for the NCT.

3. CRS is transmitted over larger bandwidth (preferably over the entire system bandwidth) especially due to UE timing requirements.

4. RAN4 performs link study to evaluate the possible impact of reduced CRS periodicity on RSRP and RSRQ and to further verify the point 1 above. 
RAN4 can send a reply LS to RAN1 after doing the suggested link studies related to RSRP and RSRQ requirements [5]. 
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