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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 issue of the bandwidth for transmitting the new type RS was intensively discussed in RAN4#63 [e.g., 2 – 9] and RAN4#64bis [e.g., 10-16]. However, no agreement was reached. In this contribution, we provide further discussion on these issues.
2
Discussion
There were mainly three opinions on the transmitting bandwidth of the RS for NTC as discussed  presented in RAN4#63 and RAN4#64bis:
Opinion 1: Full Carrier Bandwidth
The supports of the opinion are mainly based on the considerations that: 
a) The new RS will be transmitted with longer periodicity (every 5ms) than legacy CRS (every 1ms); 
b) Discussion of RSRQ measurements indicated that wider measurement bandwidth (>6RBs) may be needed for RSRQ measurements for some deployment scenarios; and 
c) Transmitting RS in full carrier bandwidth may lead to better performance in UE Time/Frequency Synchronization and Tracking and RRM measurements.
Opinion 2: Partial Carrier Bandwidth (e.g., up to 25RBs)
The supports of the opinion are mainly based on the considerations that: 
a) Although new RS will be transmitted less frequent than legacy CRS, the transmission rate  is still higher than that used for legacy UEs for RRM measurements in practical implementations; 
b) Current UE only uses 6RBs for RSRP/RSRQ measurements; 
c) New type of RS needs supporting narrow carrier bandwidth, say 1.4MHz or 3MHz bandwidth; 
d) There is no need to have radio link monitoring for new carrier type, since NCT will not serve as primary carrier;  and 
e) It is unclear the benefits of sending RS over on the whole bandwidth for wider carrier bandwidth, say 20MHz bandwidth, since there is no requirement for the UE to use RS from all carrier bandwidth. In fact, UEs more likely only still use RS from the partial bandwidth for RRM measurements, time/frequency ssynchronization and tracking purposes.
Opinion 3: Network Controlled Bandwidth
The supports of the opinion are mainly based on the considerations that: 

a) It allows the network to control the RS transmitting bandwidth for different the system deployment or even the possibility of the flexible bandwidth deployment scenarios. As discussed for RSRQ measurement bandwidth, some particular deployment scenarios do need the UE to measure RSRQ in a bandwidth wider than 6RBs, while in many some others scenarios, it is good enough for the UE to use only 6 CRS RBs. Define the RRM requirements based on the RS transmitting bandwidth allows the network to give a clear message to UE on the required RRM performance in particular deployment scenarios;
b) It will encourage UE to take the use of the RS in whole transmitting bandwidth to provide better performance RRM measurements, since the requirements are defined based on the RS transmitting bandwidth, although the UE is not mandated to do so if the specified requirements can still be met;
c) It allows the optimization of the usage of precious RF resources, and avoids the situation that the network blindly transmits the RS in full carrier bandwidth, but the UE actually uses a small portion of it, as the case of CRS for legacy carriers;
d) It also gives the opportunity to optimize the design between the UE power consumption and RRM measurement performance. The UE will not need to measure RS wider than the transmitting bandwidth, and knows the RRM performance the network is expecting for. In current system, although the network sends CRS is full bandwidth, the UE actually does not know when the wider bandwidth should be used for RRM measurements, such as RSRQ.
e) It follows the same principle of wider band RSRQ measurement, where it was agreed that “Explicit indication is signaled by the network to inform the UE to perform wider bandwidth RSRQ measurement when AllowedMeasBandwidth is 10 MHz or larger” [11, 12].
3
Summary
In this paper, we further discussed the impact of replacing CRS with a new type RS for the new type of carrier for CA. Based on the discussion, we like to have the following proposals:

· Allow the network to control the bandwidth of transmitting the new type RS when the carrier bandwidth is larger than certain range, e.g., 5MHz, and full carrier bandwidth otherwise.
· Define the RRM requirements (timing and signal strength measurements for NCT according to the RS transmitting bandwidth instead of carrier bandwidth.
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