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1. Introduction

A basic framework is currently in place for mapping the cell-specific reference signal (CRS) on a new carrier type (NCT). It was agreed at the RAN WG1 #68bis meeting that the Rel-8 port 0 CRS shall be transmitted on the NCT with 5ms periodicity. Furthermore, it was agreed that this reduced form of CRS – hereinafter denoted as R-CRS – is not to be used for demodulation, i.e. it may only be used for time/frequency tracking and, possibly, RRM measurements. Consequently, an LS inquiry was sent to RAN4 to confirm if the proposed transmission properties would meet minimum performance requirements on tracking and RRM measurements. The LS also sought to know if for large system bandwidths the R-CRS could be transmitted on a smaller bandwidth. RAN1 finally received a reply LS from RAN4 in [1].
This contribution follows up with some recommendations on R-CRS design based on the conclusions and observations contained in [1]. Whilst, the RAN4 LS primarily focused on frequency domain mapping of the R-CRS, we also address remaining issues with time domain mapping as the only agreement so far is the subframe periodicity.     

2. Discussion
The observations and conclusions from the RAN4 LS reply are as follows:

· 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 

We can summarize from these observations and conclusions that for large system bandwidths it may be possible to transmit reduced bandwidth for the R-CRS and meet the minimum performance requirements. However, it is also the RAN4 conclusion that full system bandwidth improves measurement performance and accuracy. Therefore, compelling reasons need to be shown for reducing the transmission bandwidth of the R-CRS. One such reason would be the overhead reduction and the resulting increase in spectral efficiency. The R-CRS overhead for full bandwidth is 0.95%. Table 1 shows the R-CRS overhead when its transmission bandwidth is restricted to 25RBs for larger system bandwidths. It can be seen that only a minor decrease in overhead can be obtained.
Table 1 Overhead of 25 RB R-CRS for large system bandwidths
	System bandwidth (RBs)
	Overhead for 25RB R-CRS (%)

	50
	0.48

	75
	0.32

	100
	0.24


Secondly, reduced bandwidth R-CRS transmission may also reduce the inter-cell interference observed on PDSCH subcarriers. However, given that only 1-port CRS is sparsely transmitted with 5ms periodicity, the interference reduction may not be significant. Finally, there is no benefit in terms of energy savings since the eNB power is still transmitting in the same OFDM symbol. 

Observation 1: we have not identified any compelling reasons to transmit R-CRS over a smaller bandwidth compared to the full system bandwidth.

The more critical issue is the suitability of the current R-CRS design to a 6 PRB system bandwidth. If robust time/frequency tracking performance cannot be guaranteed then two potential solutions mentioned in [2] include:
1. Increase frequency domain resources. For example add CRS port 1 on the NCT.

2. Increase time domain resources by transmitting R-CRS on more subframes in a radio frame.

Unfortunately both solutions also reduce the spectral efficiency gains offered by the NCT. Moreover, more frequent transmissions in time would also reduce the potential energy savings, which is another key benefit of the NCT. Therefore, if RAN1/RAN4 cannot reach consensus on the current R-CRS design for the 1.4MHz carrier, a possible way out would be to consider adding CRS port 1 only for the 1.4MHz system bandwidth. We also note that other possible solutions include relaxing the minimum performance requirements for 1.4MHz or concluding that NCT is not supported on a 1.4MHz carrier.
Proposal 1: if robust time/frequency tracking performance for the R-CRS cannot be guaranteed for 1.4MHz bandwidth, consider adding CRS port 1 for this system bandwidth.
2.1. Other design aspects
The basic agreement so far on time domain mapping is that the R-CRS is transmitted with 5ms periodicity but there is no conclusion on the subframe offset. A simple solution would be to use subframes 0 and 5. However, in a dense het-net environment more severe inter-cell R-CRS interference is expected because the frequency v-shift of 6 from the Rel-8 CRS design was optimized for homogeneous deployments with efficient cell planning. 
To provide more flexibility regarding inter-cell interference control, a subframe offset can be considered. The subframe offset can either be fixed in specification or configurable by RRC signaling. On the other hand a few issues crop up if a subframe offset is introduced.
1. TDD: there are already limited DL subframes where R-CRS can be mapped. Subframes 0/5 are fixed DL subframes but subframes 1/6 are either special or DL subframes in all TDD UL/DL configurations. Mapping R-CRS to special subframes may be limited to special subframe configurations containing at least 12 OFDM symbols to allow the full complement of R-CRS REs. 

2. Energy savings: if the R-CRS and PSS/SSS are mapped to different subframes, this reduces the potential energy savings in an unloaded cell.
Observations:

· The R-CRS can be transmitted with both a subframe periodicity and a subframe offset to support inter-cell interference mitigation in a dense het-net. 

3. Conclusion

This contribution addresses the remaining design aspects of reduced CRS transmission on the NCT. Our observations/recommendations include:
· We have not identified any compelling reasons to transmit R-CRS over a smaller bandwidth compared to the full system bandwidth.
· If robust time/frequency tracking performance for the R-CRS cannot be guaranteed for 1.4MHz bandwidth, consider adding CRS port 1 for this system bandwidth.

· The R-CRS can be transmitted with both a subframe periodicity and a subframe offset to support inter-cell interference mitigation in a dense het-net. 
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