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1
Introduction

RAN4 received an LS from RAN1 on the RS for additional carrier types for carrier aggregation enhancement [1]. The LS says RAN1 has reached the following agreement for the additional carrier types for carrier aggregation enhancement:

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.

Then, RAN1 asked RAN4 on the following issues:

· From the perspective of time and frequency tracking accuracy, which bandwidth (as listed in the agreement above) is considered as sufficient?

· How should the RRM measurements be handled for the new carrier type?

· If the RRM measurements are performed based on the RS port described above, which bandwidth (as listed in the agreement above) is considered as sufficient?

This contribution discusses the issues raised in the LS.
2
Discussion
2.1
Time and Frequency Synchronization and Tracking
A dedicated synchronization channel (SCH) is specified for the purpose of time and frequency synchronization. SCH transmits two synchronization signals, the primary synchronization signal (PSS) and the secondary synchronization signal (SSS). Both PSS/SSS are mapped on 62 subcarriers located symmetrically around the DC-carrier. They are transmitted within the last two OFDM symbols of the first and sixth sub-frame (sub-frame index 0 and 5), i.e. every 5ms. The detection of these two signals not only enables coarse time synchronization, but also provides the UE with the physical layer identity of the cell and the cyclic prefix length. 
Cell-specific reference signals are specified for the purpose of finer time synchronization, frequency offset estimation, and channel estimation. The LTE downlink has been specifically designed to work with multiple transmit antennas. CRS patterns are therefore defined for multiple ‘antenna ports’ at the eNodeB. The transmitted CRS corresponding to a given antenna port enables the UE to derive a channel estimate for that antenna port. CRS sequences are mapped on the time-frequency resource elements on every sixth sub-carrier within two OFDM symbols in every slot. 
Although PSS/SSS are developed specific for the time synchronization, there is no requirement that directly define the UE time synchronization performance requirement. Precise time and frequency synchronization is important for the UE to perform channel estimation, signal detection and demodulation. CRS may be used together with PSS/SSS to fine tune  its time and frequency synchronization accuracy. Additionally, the UE uses CRS for tracking the downlink timing from the reference cell for deriving or adjusting its UL transmission time together with the timing advance command from the reference cell. If the CRS is replaced with a type of RS with longer periodicity and possibly a narrow bandwidth, the UE’s time and frequency synchronization could be impacted. 
Observation 1: Although 3GPP does not directly define performance requirement for the UE time and frequency synchronization performance, the CRS may be used to fine tune the time and frequency synchronization performance. Since RAN1 has not yet decided on the bandwidth for the new RS port on the new carrier type, it is necessary for RAN4 to discuss the impact if the bandwidth of the new RS port were to be narrower than the system bandwidth.
It should also be noted when considering these impacts, that time and frequency synchronization and tracking is currently assumed to be possible for system bandwidths as low as 6 RBs, and with up to 6 subframes per 10ms configured as MBSFN subframes with no CRS present in the data region of the subframes; in TDD operation, time and frequency synchronization and tracking is currently assumed to be possible for UL/DL configuration 0, in which 6 subframes are UL subframes and contain no CRS, and 2 subframes are special subframes with a shortened CRS pattern. 

2.2 Signal Strength Measurements of the New Type RS
For legacy carriers, the RSRP/RSRQ measurements are based on the CRS for RRM (radio resource management), i.e., cell reselection and handover decisions. It is our understanding that the new type of carrier for CA will not serve as the PCell. Thus, the measurements of the signal strength of the new type RS will not be used for cell reselection and handovers. That is the replacement of CRS with another reference signal should have no impact on cell reselection and handover performance.
However, decisions still need to be taken on when to configure SCells, and signal strength measurements may be used for this purpose. Therefore, measurements of the signal strength of the new type RS are still needed for the decision of configuration of the new type of carrier as an SCell. Therefore, it is still important to have a proper evaluation of the new RS to make sure the RS can be used for reliable decision of SCell configuration of the new type of carrier. 

Observation 2: Although the signal strength measurements of the new type of RS will not be used for mobile cell reselection and handover decisions, it is still important to investigate whether the performance of  new type of RS is good enough so that it can be used for reliable signal strength measurements for configuration of the new type of carrier as an SCell.  The investigation should consider the impact of measurement period, RS signal measurement bandwidth, DRX cycle, as well as SNR of RF environments.
It should also be noted when considering the performance, that time and frequency synchronization and tracking is currently assumed to be possible for system bandwidths as low as 6 RBs, and with up to 6 subframes per 10ms configured as MBSFN subframes with no CRS present in the data region of the subframes; in TDD operation, time and frequency synchronization and tracking is currently assumed to be possible for UL/DL configuration 0, in which 6 subframes are UL subframes and contain no CRS, and 2 subframes are special subframes with a shortened CRS pattern. 

2.3 Radio Link Monitoring

The UE is required to monitor the downlink link quality based on the CRS in order to detect the downlink radio link quality of the PCell. It is our understanding the new type of carrier will not serve as the PCell. Thus, replacing CRS with the new RS in the new type of carrier should have no impact on RLM.
Observation 3: Replacing CRS with the new type RS has no impact on RLM. 

2.4 UE Rx-Tx Time Difference Measurements 

The UE is required to monitor the downlink timing in order to provide Rx-Tx time difference measurements. The monitoring of the DL timing may be based on the cell-specific reference signal. However, currently Rx-Tx time difference is defined only for PCell. Thus, replacing CRS with the new RS in the new type of carrier should have no impact on UE Rx-Tx time difference measurements.
Observation 4: Replacing CRS with the new type RS has no impact on UE Rx-Tx. 

2.5 Channel Quality Feedback
For legacy carriers, the CRS is used for CQI measurements to provide the channel estimations, which are used by the eNB scheduler for DL scheduling. For the new type of carrier, the feedback of channel conditions is expected to rely on CSI-RS instead of CRS. Thus, there is no need to evaluate the impact of replacing CRS with the new RS in the new type of carrier on channel quality feedback.
Observation 5: Replacing CRS with the new type RS has no impact on channel quality feedback of new type carrier.
3
Summary
In this paper, we discussed the impact of replacing CRS with a new type RS for the new type of carrier for CA. Based on the discussion, we come with the following observations:

· Observation 1: Although 3GPP does not directly define performance requirement for the UE time and frequency synchronization performance, the CRS may be used to fine tune the time and frequency synchronization performance. Since RAN1 has not yet decided on the bandwidth for the new RS port on the new carrier type, it is necessary for RAN4 to discuss the impact if the bandwidth of the new RS port were to be narrower than the system bandwidth.

· Observation 2: Although the signal strength measurements of the new type of RS will not be used for mobile cell reselection and handover decisions, it is still important to investigate whether the performance of  new type of RS is good enough so that it can be used for reliable signal strength measurements for configuration of the new type of carrier as an SCell.  The investigation should consider the impact of measurement period, RS signal measurement bandwidth, DRX cycle, as well as SNR of RF environments.

· Observation 3: Replacing CRS with the new type RS has no impact on RLM. 

· Observation 4: Replacing CRS with the new type RS has no impact on UE Rx-Tx. 

· Observation 5: Replacing CRS with the new type RS has no impact on channel quality feedback of new type carrier.
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