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Discussion and decision 
1 Introduction 
In RAN1#68bis,  RAN1agreed to introduce a new type of reference signal for synchronization purpose (aka Tracking signal or TRS) and  sought guidance from RAN4 on the required TRS bandwidth for sufficient time and frequency tracking accuracy as well as RRM measurement (if decided to be the RS for RRM for NCT).
RAN1#68bis agreements:

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.

In RAN1#72, RRM for NCT was discussed and the following was agreed:
RAN1#72 agreements:

· RRM measurements need to be supported on both synchronized and unsynchronized NCT

· Further work awaits feedback from RAN4 (especially in response to LS R1-121900)

RAN4 has provided their reply in R1-131834. We share our views on the remaining issues for TRS in this contribution. 
2 Discussion
2.1 TRS bandwidth
RAN4 LS (R1-131834) concluded that it is beneficial in terms of time-frequency tracking performances and RRM measurement accuracy if full-bandwidth TRS is adopted for NCT. For system bandwidth up to 25 RBs, it is in fact necessary. For system bandwidth beyond 25RBs, RAN4 has left open the possibility to consider just 25 RBs TRS.
When considering the TRS bandwidth for NCT, it is also beneficial to ensure that it is reasonably future proofed. For example, if NCT system bandwidth is extended beyond 20MHz by adding carrier segment in the future, a larger TRS bandwidth may be needed to ensure robust synchronization performance for the extended bandwidth while not breaking backward compatibility with Rel-12 UEs.  
The additional TRS overhead for supporting full bandwidth is also negligible (< 1%) as shown in the table below. Therefore, we propose that full-bandwidth TRS is transmitted for NCT.
Table 1: Additional TRS overhead for full-bandwidth TRS compared to 25-PRBs TRS
	System bandwidth
	Additional TRS overhead for full-bandwidth TRS

	25 PRBs (5MHz)
	0%

	50 PRBs (10MHz)
	0.48%

	75 PRBs (15MHz)
	0.63%

	100 PRBs (20MHz)
	0.71%


Proposal 1: Full-bandwidth TRS is transmitted for NCT. 
2.2 TRS for system bandwidth of 6 PRBs
For system bandwidth of 6 PRBs, RAN4 study is not conclusive on the time-frequency tracking performance of TRS even with full-bandwidth TRS. In our view, full-bandwidth TRS with 5ms periodicity should be considered the baseline until further information is received from RAN4. Solutions to resolve the 6-PRB system bandwidth can be discussed if RAN4 confirms that the TRS density is insufficient to ensure robust synchronization performance.
Proposal 2: Full-bandwidth TRS with 5ms periodicity should be the baseline for 6-PRB system bandwidth. If RAN4 confirms that full-bandwidth TRS with 5ms periodicity is not sufficient for the narrow bandwidth, solutions to resolve the problem can be discussed. 
2.3 RRM for NCT
No concern has been raised by RAN4 on the use of TRS for RRM measurement for NCT. Hence, RSRP/RSRQ measurement on NCT should be performed using the TRS. We reiterate our view expressed in [2] that the function of RRM measurement for NCT is not to facilitate mobility (handover or cell (re)selection), but to facilitate the eNodeB in deciding addition or removal of the NCT as an SCell. The RRM measurement for NCT is only applicable for RRC connected UEs for intra-frequency as well as inter-frequency measurement.

Proposal 3: TRS is the RS used for RRM measurement for NCT. 
Proposal 4: RRM measurement for NCT is only applicable for RRC connected UEs for intra-frequency as well as inter-frequency measurement.
3 Conclusions
In this contribution, we shared our views on the remaining issues of TRS and would like to propose the following:

Proposal 1: Full-bandwidth TRS is transmitted for NCT 

Proposal 2: Full-bandwidth TRS with 5ms periodicity should be the baseline for 6-PRB system bandwidth. If RAN4 confirms that full-bandwidth TRS with 5ms periodicity is not sufficient for the narrow bandwidth, solutions to resolve the problem can be discussed. 
Proposal 3: TRS is the RS used for RRM measurement for NCT. 

Proposal 4: RRM measurement for NCT is only applicable for RRC connected UEs for intra-frequency as well as inter-frequency measurement.
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