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1
Introduction
RAN4 has received an incoming RAN1 LS on the RS for additional carrier types for carrier aggregation enhancement [1]. In this LS, RAN1 informs RAN2/4 of the agreements on NCT carrier and asks RAN4 to provide some guidance related to the RRM performance aspects.
This contribution presents our evaluation results on NCT carrier RSRP measurement performance and some considerations on how to define the RRM requirement for NCT carrier. A draft LS response to RAN1 is also provided.
2 
Simulation Assumption
Review of RAN1 agreement

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.

The definition of synchronised and unsynchronised cases of the new carrier type was agreed in RAN1#67 as follows:

· Synchronized carriers, i.e. where the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver.

· Unsynchronized carriers (i.e. where the legacy and additional carriers are not synchronized with the same degree of accuracy as for the synchronized carriers).

Note that synchronization is considered from the perspective of the UE receiver. 

Based on the RAN1 agreements, it is proposed to evaluate the NCT RSRP measurement performance according to the simulation assumptions in table 2-1.
Table 2-1: Simulation assumptions for NCT RSRP measurement performance evaluation
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 and 50 RB
	CRS bandwidth

	System bandwidth
	50 RB
	

	DL sub-frames per 5 ms half frame
	1
	

	Measurement samples interval/ Minimum RSRP L1 measurement period
	10ms / 200ms
	Checking the measurement performance for vary sample rate with 200ms measurement period.

	
	20ms / 200ms
	

	
	40ms / 200ms
	

	Measurement samples number / Measurement samples interval
	3 / 80ms
	Checking the measurement performance for vary sample number with sample/ 80ms rate.

	
	6 / 80ms
	

	
	10 / 80ms
	

	
	16 / 80ms
	

	L3 filtering
	Disabled 
	

	Transmit antenna
	1
	

	Receive antennas
	2
	Both antennas with equal gain and uncorrelated.

	DRX/DTX
	OFF
	

	Propagation conditions
	AWGN, ETU70
	

	Noc
	AWGN
	

	Es/Noc
	-6 dB, -3dB
	


To ease the comparison with current Rel-8/9 performance, it is beneficial to provide a Rel-8/9 baseline performance curve using the following assumptions.
· Measurement period = 200ms;

· 11 CRS symbols per 5ms, i.e. Uplink-downlink configuration = 1 and Special subframe configuration = 6;

· Measurement sampling rate = one sample/40ms

3
Simulation Results
3.1
Case1: (measurement period = 200ms)
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(a) AWGN                                                                     (b) ETU70
Figure 3.1-1   RSRP measurement performance,  6PRB
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(b) AWGN                                                                     (b) ETU70
Figure 3.1-2   RSRP measurement performance,  50PRB
Figure 3.1-1 and 3.1-2 give evaluation results on NCT carrier RSRP measurement performance for the case of 6RB and 50RB measurement bandwidth respectively. It can be seen that the RSRP measurement performance is degraded compared to Rel-8/9 performance at the same sampling interval of 40ms. The reason is that fewer subframes (only 1) carrying reference signals are available for each sample. The measurement performance can be further improved either by decreasing sampling interval or by increasing measurement bandwidth. 
It seems that the performance curve at 20ms sampling interval in figure 3.1-1 can be used for intra-frequency minimum requirement definition (6RB). 
3.2
Case2: (Sampling rate = one sample/80ms)
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(c) AWGN                                                                     (b) ETU70
Figure 3.2-1   RSRP measurement performance,  6PRB
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(d) AWGN                                                                     (b) ETU70
Figure 3.2-2   RSRP measurement performance,  50PRB
Figure 3.2-1 and figure 3.2-2 present evaluation results for NCT carrier RSRP measurement performance at fixed sampling interval of 80ms. The measurement performance can be improved either by increasing measurement period or by increasing measurement bandwidth. It seems that the performance curve at 800ms measurement period in figure 3.2-1 can be used for inter-frequency minimum perofrmance definition (6RB). From figure 3.2-2, the NCT carrier measruement performance for 50RB case can satisfy the same requirment as in Rel-8, e.g. 240ms measurement period for inter-frequency measurement. 
4
NCT carrier RRM requirement 
NCT carrier is associated with a backward compatible carrier and only visible for connected UE in Rel-11. So introduction of NCT carrier has no impact on RRM requirement in RRC_IDLE state.

The following only focus on RRM requirement in RRC_CONNECTED state.
· Cell search 

When the NCT carrier is unsynchronized with legacy cell, the UE needs to search the NCT carrier for time and frequency tracking purpose. The Rel-8/9 Cell search requirement in 36.133 is based on 5ms PSS/SSS periodicity. It is feasible to reuse the current cell search requirement as long as RAN1 NCT carrier reuses Rel-8 PSS/SSS design and the periodicity.
· Intra-frequency RSRP measurement accuracy
According to the simulation results in figure 3-1, intra-frequency RSRP measurement accuracy for NCT carrier will be depredated when comparing with Rel-8 at the same sampling rate for 6RB measurement bandwidth. In order to achieve the same minimum performance as in Rel-8 more samples are needed. In this case, 2 candidate solutions can be considered for NCT carrier RSRP accuracy definition.
     Option 1: Reducing the number of intra-frequency cells to be measured so that the UE can use shorter sampling interval.

     Option 2: Extending measurement period to 480ms for intra-frequency RSRP measurement

From our view, option 2 is more preferable as NCT carrier measurement is not used for the purpose of mobility. Relatively longer measurement report delay would not bring much impact on the use of NCT carrier.

· Inter-frequency RSRP measurement accuracy

According to the simulation results in figure 3-2, inter-frequency RSRP measurement accuracy for NCT carrier will be degraded when comparing with Rel-8 at the same measurement period for 6RB measurement bandwidth. It is proposed to extend the measurement period to 960ms for the minimum requirement so that UE can get comparable measurement accuracy as in Rel-8. Enhance measurement requirement based on 50RB can reuse Rel-8 requirement, e.g. 240ms measurement period.
· RRM requirements v.s. NCT Measurement bandwidth
The evaluations and analysis in this paper show that 6RB bandwidth is sufficient for cell search requirement from time/frequency tracking perspective as long as NCT carrier reuses Rel-8 PSS/SSS design. 

However, the UE transmission timing requirement in 36.133 is defined in relation to measurement bandwidth as shown in table 5-1. So the NCT carrier needs to offer CRS in wider bandwidth than 6RB.

Table 5-1: Te Timing Error Limit

	Downlink Bandwidth (MHz)
	Te

	1.4
	24*TS

	≥3
	12*TS

	Note: TS is the basic timing unit defined in TS 36.211


From measurement performance point of view, minimum 50RB measurement bandwidth would be needed as there is already an enhanced inter-frequency measurement requirement defined for 50 RBs measurement bandwidth in Rel-8. In this regard we would propose that NCT carrier can also provide CRS in a bandwidth up to at least 50RB. However it should be noted that wider CRS bandwidth always provide better performance than measurement reference signals of partial system bandwidth. .
5
RAN1 LS response
Based on the considerations in this paper, we would propose to response RAN1 as the following.

Question 1: From the perspective of time and frequency tracking accuracy, which bandwidth (as listed in the agreement above) is considered as sufficient?

The time/frequency tracking accuracy affects the cell search and UE transmit timing requirement in 36.133. 6PRBs bandwidth is sufficient for cell search requirement as long as PSS/SSS reuses Rel-8 design. However, minimum 15 PRBs bandwidth would be needed to meet the UE transmit timing accuracy for channel bandwidth larger than 3MHz. 
Question 2: How should the RRM measurements be handled for the new carrier type?

According to RAN4 evaluations, measurement performance for NCT carrier is degraded compared to Rel-8 as there are fewer subframes carrying reference signal available in every 5ms. Possible solutions to compensate the measurement performance loss include increasing measurement period or reducing the number of NCT cells to be measured compared to Rel-8, which either increase the UE power consumption or reduces system performance.
Question 3: 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?

With RRM measurements performed on NCT carrier based on the RAN1 described RS port, the measurement performance is degraded compared to Rel-8. RAN4 has not agreed on any detailed solution to compensate the RRM measurement performance loss. However, it is RAN4's view that measurement reference signals of full system bandwidth always provide better performance than measurement reference signals of partial system bandwidth. 
6
Conclusion
This contribution presents evaluation results for NCT RSRP measurement performance and some considerations on related RRM requirements. It is proposed to take our evaluations and opinions into account in RAN1 LS response and RAN4 further specification work.
7
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