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1 Introduction
A main characterizing feature of the NCT is its reduced CRS (RCRS) which shall provide for time- and frequency synchronization and possibly also support RRM measurements but is not to be used for demodulation. Remaining issues for the RCRS were supposed to include its bandwidth and whether it is suitable for RRM measurements [1]. An open issue is also which subframes should contain the RCRS. RAN4 has now provided an LS response [2] (also cited in the Appendix), which unfortunately is somewhat ambiguous. The RAN4 conclusions regarding the insufficient synchronization performance also necessitate scrutiny and raise concerns on the RCRS design. In [3], we discuss the RRM implications further.
We note that several problems have surfaced due to the absence of CRS-based demodulation. For example, RAN1 has spent plenty of time on resolving DM-RS collisions with PSS/SSS. Another upcoming seemingly non-trivial issue mentioned in several contributions [4]-[10] is how to perform transmissions in the DwPTS for TDD, especially for special subframe configurations which have no associated DM-RS. Both these issues descend from the RAN#68bis agreement that the RCRS is not used for demodulation. If these issues become insurmountable, an option could be to reconsider using the RCRS as a reference signal for demodulation. In [11] and [12], we discuss these issues further in detail.   

2 Reduced CRS transmission
The LS [2] states that; “For the system bandwidth of 6 PRBs, there is no consensus whether robust time-frequency tracking performance can be guaranteed with full CRS bandwidth and 5 ms periodicity”. A few options could be possible to resolve this, albeit we first note that the issue is only applicable to the unsynchronized carrier case. For the synchronized carrier case, the RCRS is, by definition, not needed for time- and frequency synchronization. 
Alternative 1: Unsynchronized NCT carriers do not support system bandwidth of 1.4 MHz (6 PRBs)
Not supporting certain Rel-8 channel bandwidths would be a severe limitation of the NCT. An operator who has a legacy carrier deployed with 1.4 MHz would not be able to upgrade it to an NC, unless it can be associated with a synchronized carrier. Moreover, one desirable objective is that the NCT should be able to provide for more bandwidth flexibility than legacy carriers, which was discussed extensively, most recently at RAN#59. This might be achieved by particular design of the NCT as such, specification of new transmission bandwidths or by letting RAN4 define new CA cases including carriers of small bandwidths. In any case, it would be a clear limitation if certain RB configurations for carriers could not be utilized. Moreover, it cannot be precluded that new system bandwidths are introduced in the future, which may be larger than 1.4 MHz but smaller than, say 3 MHz and it is not clear how the RAN4 conclusion apply to such cases, making bandwidth agnostic design difficult in RAN1. Hence requiring synchronized carriers should not be a first choice for accommodating NCT in 1.4 MHz.  
Alternative 2: Performance requirements are not specified for unsynchronized NCT carriers for system bandwidth of 1.4 MHz (6 PRBs)
Absence of performance requirements would also be a severe limitation of the NCT. It would still be feasible to deploy an NCT in 1.4 MHz but leaving no guarantee on its performance. Since proper synchronization is a fundamental requirement, the performance may become unpredictable and perhaps even worse than for a legacy carrier. It is therefore unlikely that this would be an attractive solution for network operators.
Alternative 3: The Reduced CRS density is increased
Designing the RCRS to be sufficiently robust would be the obvious way to proceed and, one may argue, be what RAN1 is tasked to do. There would primarily be two ways of increasing the density:
· The Reduced CRS is transmitted more often than every 5 ms

This would necessitate using more than 2 subframes carrying the RCRS per radio frame. Nevertheless, it has not yet even been concluded which 2 subframes should contain the RCRS. For TDD, considering support of all UL/DL configurations, subframes 0 and 5 appear to be feasible. If additional subframes are to be used, subframes 1 and 6, which always have a DL part, may be considered. For FDD, there may be several options which could partly depend on how MBSFN transmission will be arranged on the NCT. 
· The Reduced CRS contains more REs than those of antenna port 0

One of the reasons to adopt a CRS-like signal for synchronization was to allow the UE to reuse existing implementation for the time- and frequency tracking. If the density should be increased by means of more REs, adding REs corresponding to CRS ports would thus desirable.
Proposal 1: Synchronization performance is not sufficient with 5 ms period of the Reduced CRS for carriers having 6 RB bandwidth. Consider a Reduced CRS densification by either; 

· transmitting the Reduced CRS in more than 2 subframes per radio frame, or

· utilizing REs of additional CRS ports.

A further question involves how to apply a potential RCRS densification for different carrier bandwidths. There would primarily be three ways of accommodating a densification, regardless if more subframes or REs are used:
· Densification of Reduced CRS only applies to carriers with 6 RBs bandwidth

This would minimize the incurred RCRS overhead and avoid adding unnecessary signals. A prerequisite for benefitting from the densification is that the carrier bandwidth needs to be known prior to performing synchronization and measurements. 
· Densification of Reduced CRS applies to the 6 central RBs for all carrier bandwidths 

This would slightly increase the overhead in general but does not necessitate knowing the carrier bandwidth prior to performing synchronization and measurements.

· Densification of Reduced CRS applies to all RBs of the RCRS for all carrier bandwidths

This may result in more overhead but constitutes a bandwidth agnostic design approach for the RCRS. 

Proposal 2: If the Reduced CRS is densified, consider the following options further:

· Densification of Reduced CRS only applies to carriers with 6 RBs bandwidth.
· Densification of Reduced CRS applies to the 6 central RBs for all carrier bandwidths. 

· Densification of Reduced CRS applies to all RBs of the RCRS for all carrier bandwidths.
On the other hand, in case of the last option, there is likely no synchronization performance reason requiring transmitting a densified RCRS over the whole system bandwidth for the larger system bandwidths. Likewise, there would be throughput gains from not transmitting RCRS over the whole bandwidth. Hence, the transmission bandwidth of the RCRS may not need to be the full system bandwidth.

Proposal 3: If a densification of the Reduced CRS applies to all carrier bandwidths, consider to let the Reduced CRS bandwidth be less than the system bandwidth. 
3 Conclusions
The received LS response from RAN4 implies that synchronization performance is insufficient with the assumed Reduced CRS for carriers with 6 RBs bandwidth. In light of this, we suggest that the following proposals should be studied:
Proposal 1: Synchronization performance is not sufficient with 5 ms period of the Reduced CRS for carriers having 6 RB bandwidth. Consider a Reduced CRS densification by either; 

· transmitting the Reduced CRS in more than 2 subframes per radio frame, or

· utilizing REs of additional CRS ports.

Proposal 2: If the Reduced CRS is densified, consider the following options further:

· Densification of Reduced CRS only applies to carriers with 6 RBs bandwidth.
· Densification of Reduced CRS applies to the 6 central RBs for all carrier bandwidths. 

· Densification of Reduced CRS applies to all RBs of the RCRS for all carrier bandwidths.
Proposal 3: If a densification of the Reduced CRS applies to all carrier bandwidths, consider to let the Reduced CRS bandwidth be less than the system bandwidth. 
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Appendix

The LS response [2] concludes the following:

After the discussion in RAN4 #64bis and the following investigation, RAN4 has the following feedback:

· Observations 

· For system bandwidth up to 25 RBs, 

· full CRS bandwidth is required for time-frequency tracking performance with 5ms periodicity

· For the system bandwidth of 6 PRBs, there is no consensus whether robust time-frequency tracking performance can be guaranteed with full CRS bandwidth and 5 ms periodicity

· For system bandwidth larger than 25 RBs, 

· full CRS bandwidth is beneficial to improve time-frequency tracking performance and RRM measurement accuracy

· CRS bandwidth with 25 RB can satisfy the minimum RRM measurement requirement

· Conclusions:

· Full system bandwidth for the RS-port 0 improves time tracking, frequency tracking performances, and RRM measurements accuracy

· There is no consensus on whether bandwidths lower than full bandwidth of the RS-port is sufficient 





















































































