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Discussion
1.

Introduction
In RAN1#68bis following decisions were reached concerning the unsynchronized additional carrier types for carrier aggregation enhancements [R1-121900]:

· 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)

In this paper we will evaluate the time/frequency tracking performance for various BW of the CRS  according to the assumptions agreed in [R1-120943] and [R1-121900], as well as discuss how the RRM measurement for the new carrier type could be performed based on agreement in [R1-121900].
2. Simulation Assumptions
The simulation assumptions follow [R1-120943], [R1-121900], and are summarized in Table 1. Concerning the tracking period, it should be noted that the UE should obtain synchronization sufficiently quickly after it wakes up from the DRX, or after a SCell is activated. Obviously, there are cases where UE could possibly do the averaging for a fairly long time without any issues, but the specifications and the corresponding requirements need to be defined assuming the worst case scenario. Having this in mind, it is highly desirable that the UE can get synchronized within as short period as possible. In this contribution we assume the averaging to be limited within a single radio frame, that is 10ms.
Table 1. Simulation assumptions

	Parameter
	Value

	Signal bandwidth 
	10 MHz

	Carrier frequency 
	2 GHz

	Channel model 
	EVA, EPA

	UE speed
	100 km/h, 3km/h

	Reference Symbols (RS)
	6/15/25/50PRB CRS

	RS period (T)
	5ms

	Error Model
	Concurrently introduce random frequency offset and random timing offset

	Random Timing Offset
	Uniformly distributed in [-1.175, 1.175] μs

	Random Frequency Offset
	Uniformly distributed in [-500, 500] Hz

	Time tracking algorithm
	Time-Domain Correlation and peak search over 1 subframe carrying the CRS

	Frequency tracking algorithm
	Correlation and Phase Comparison

	Tracking period
	Average over 1 radio frame (1 rf), i.e. every 10ms

	SNR
	-8 dB

	Number of Antennas
	1Tx, 2Rx

	System Load
	Fully loaded


Based on these simulation assumptions we have simulated the time/frequency tracking accuracy in order to evaluate the which bandwidth we consider as being sufficient for the new carrier type.

3. Simulation Results
In this section we presents the simulation results of the time/frequency tracking with various CRS bandwidths, for both EVA and EPA channels, according to the simulation assumptions of the previous section. 
3.2 Time/frequency tracking

In this section we present the simulation result on the time/frequency tracking with different CRS bandwidths. Note that dynamic range limitations were not considered and no time was reserved for AGC settling.
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Figure 3.a. Tracking Performance of Rel. 8 CRS (5ms) with various BW in EVA 100km/h (10MHz).
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Figure 3.b. Tracking Performance of Rel. 8 CRS (5ms) with various BW in EPA 3km/h (10MHz).

4. Discussion
4.1 Time Frequency

From the simulation results, we observe that both time and frequency tracking using CRS with T=5ms utilizing PRB CRS BW ≥ 15 PRBs perform rather similar, while on the other hand the time and frequency tracking performance when using 6PRB CRS is still adequate.
4.2 RRM measurements

When considering how to handle the RRM measurements for the new carrier type, and which measurement bandwidth would be considered as sufficient, assuming the listed agreements above, both cell detection and measurement requirements for carrier aggregation and Scell should be considered. This was first discussed in [2].
Currently new carrier types can only be used for carrier aggregation purposes and only as an Scell. In RAN4 requirements the SCell measurements are depending on the state of the SCell and are different from the normal, non-CA based, inter-frequency measurements. There are different requirements for configured, but not activated SCell measurements and configured and activated SCells. Measurement rules related carriers potentially used for carrier aggregation but not yet configured (non-configured frequencies), i.e. same as CA without a configured Scell, is similar as for normal non-carrier aggregation inter-frequency measurements requirements.

Measurement requirements for SCC with an activated Scell follows the intra-frequency measurement requirements. When for the SCC where the Scell has been configured but is in deactivated state the cell detection and measurement requirements are dependent the parameter measCycleScell.
Based on these requirements related to cell detection and measurements for carrier aggregation and Scell we likely have to discuss both the inter-frequency and intra-frequency cases.

Although for the intra-frequency measurements it is likely valid to assume that the UE will use the fully available CRS bandwidth of the serving cell, this is not a requirement. When the Scell is configured the configuration includes information regarding the Scell carrier bandwidth and UE will then have information about Scells bandwidth. This enables the UE to start to use the full bandwidth on the new carrier type for RRM measurement purposes but it is not a requirement. The minimum requirements for RSRP and RSRQ were developed based on the assumption of 6 PRBs.
On new type the impact of having CRS only available for every 5ms will likely be visible, thus we see the need for further investigating this.
Based on this discussion we propose to support larger CRS bandwidth on the new carrier type, but also we propose study the impact of using a narrower CRS bandwidth and analyse if such an approach will have significant negative impact on the RRM measurements.
5. Conclusions
Based on the simulation results shown in this paper and the discussion we would suggest to use wider bandwidth CRS on the new carrier type. Further studies are needed both into the time/frequency tracking impact and the demod performance as well as the combined impact from time domain punctured CSR and CRS bandwidth on the RRM measurements.
We have drafted a draft LS response in [3].
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