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1
Introduction
One of the objectives within the study item on small cell enhancements – physical layer aspects is listed as follows:
· Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including

· Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.

· 
Enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility, in downlink and uplink based on existing channels and signals.

In this contribution, we discuss the aspects of downlink UE-specific RS overhead reduction, and provide simulation results on the topic.
2
Overhead reduction
The underlying idea behind the study on UE-specific RS overhead reduction is the fact that in small cell scenarios the radio channel conditions tend to be more stable both in time and frequency. This is due to low mobility which implies more static channel in time, and on the other hand smaller delay spread that means a less frequency-selective channel. Considering this, the UE can utilize more aggressive filtering of the channel in both time and frequency, and hence from channel estimation perspective the density of the RS pattern could in principle be reduced.
However, from UE-specific RS the UE also needs to estimate the interference covariance matrix for demodulation purposes. For instance, already for Release 11, the enhanced UE demodulation performance requirements were specified assuming an LMMSE-IRC receiver as the reference receiver. For LMMSE-IRC to provide meaningful gain in terms of spatial interference suppression, also the non-diagonal elements of the interference covariance matrix need to be sufficiently accurately estimated. From this perspective any reduction in the RS density would mean also a decrease in the interference estimation performance and hence in the LMMSE-IRC performance. This is in particular critical at low SINR range where interference suppression is needed the most. Note that the same applies to any other types of receivers that use interference whitening.
In the contributions submitted to RAN1#72, there were essentially two types of UE-specific RS overhead reduction schemes proposed: Either the UE-specific RS overhead is reduced within one subframe (within each PRB pair) [1], or the UE is scheduled with multiple subframes and in a subset of the subframes the UE-RS overhead is reduced or the UE-RS are even removed completely [2]. The approach in which UE-RS are removed completely from a subframe ignores the fact that while the radio channel could remain fairly static, the interference can be changing significantly as a result of scheduling decisions, precoder selections etc. As such, this approach does not seem feasible unless the interference is guaranteed to remain stable across these subframes throughout the network, effectively meaning that in all cells the transmissions would be done with N>1 millisecond intervals. 
Observations:
-
Both channel and interference estimation need to be considered in UE-specific RS overhead reduction.

-
Both estimates are required for proper UE receiver operation – in particular interference covariance matrix is needed for LMMSE-IRC or any types of receivers applying interference whitening.
-
Because of interference estimation, it does not seem feasible to remove UE-specific RS completely from a subframe.

-
Removing UE-specific RS from a subframe completely would require stabilizing also interference across the whole network.

-
This means practically increasing the TTI length to multiple milliseconds.
-
UE-specific RS overhead reduction is only feasible within one subframe.

Hence, we focus here on reducing the UE-specific RS overhead within a subframe. Obviously, as the baseline and starting point, we consider the existing Release 11 UE-specific RS pattern. This pattern avoids collisions with other signals such as CSI-RS and CRS and also takes into account edge effects in channel estimation. Therefore, it would make sense to consider a subset of the REs used by the Release 11 UE-specific RS pattern as the starting point. Based on this, below in Figure 1 we list four different reduced overhead patterns for which we provide simulation results in the next section. Obviously, in our simulations we compared these patterns to the baseline Release 11 UE-specific RS pattern.
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Figure 1. Simulated reduced overhead UE-specific RS patterns.

For the patterns above, it is easy to calculate maximum throughput gains just based on the increase in number of PDSCH REs, i.e. neglecting the impacts of channel and interference estimation errors for now. Below in Table 1 we list the throughput gains for a typical legacy carrier case with 2 Tx CRS and 2 PDCCH symbols as well as for the new carrier type with no CRS or PDCCH region.
Table 1. Maximum theoretical PDSCH throughput gains from the studied UE-specific RS patterns compared to Release 11 UE-specific RS pattern.

	
	Pattern #1, 8 REs
	Pattern #2, 6 REs
	Pattern #3, 4 REs
	Pattern #4, 2 REs

	2 Tx CRS, 2 PDCCH
	+3.3% (124/120)
	+5.0% (126/120)
	+6.7% (128/120)
	+8.3% (130/120)

	New carrier type
	+2.6% (160/156)
	+3.9% (162/156)
	+5.1% (164/156)
	+6.4% (166/156)


From these numbers we can clearly observe that even the theoretical maximum throughput gains from the RS overhead reduction stay in the single-digit range, and in particular below 5% for the patterns that still have a reasonable number of REs left for proper channel/interference estimation. 
Finally, we need to note that there are other Release 12 aspects that should be considered together with the UE-specific RS overhead reduction:

-
One such aspect is advanced receiver operation – note that the study item on network assisted receivers was approved in RAN#59 [3]. During earlier releases there have been proposals about UE-specific RS with increased orthogonality, essentially meaning DCI indication of one of antenna ports {7,8,11,13} to the UE instead of relying only on antenna ports 7 and 8. Given that advanced receivers could require accurate channel estimation for neighbour cells as well, the possibility of increased orthogonality should be kept and studied further. From the above patterns only pattern #1 enables increased orthogonality using length-4 orthogonal cover codes.
-
Other aspect is 256QAM: As shown by our simulations in the next section, UE-specific RS overhead reduction is basically a peak data rate enhancement. As such, it is competing essentially with 256QAM that would require very accurate channel estimation. Thus 256QAM and UE-specific RS overhead reduction would have to be considered jointly.

-
Finally, there have been proposals to consider relaxations to current quasi-colocation behaviours [4], for instance by allowing only UE-specific RS to be utilized. Quasi-colocation aspects might thus need to be considered as well. It is noted that as of Release 11, UE-specific RS are already one UE implementation option for quasi-colocation behaviour B (CSI-RS being the other option), and reducing the RS density may imply that it is no longer possible to get a decent demodulation performance using only UE-specific RS even with larger allocations when time and frequency offsets are considered.
Observation:

-
Other Release 12 aspects should be considered jointly with downlink UE-specific RS overhead reduction.

-
This includes advanced receivers, 256QAM, quasi-colocation, etc.
3
Simulation results
In this section we provide results on the UE-specific RS patterns introduced in the previous section. Our link-level simulations are performed using the agreed link-level simulation assumptions, see Appendix A for details. In addition to CRS interference for one neighboring cell, we modelled full interfering PDSCH transmission in order to capture the impact of UE-specific RS overhead reduction on the LMMSE-IRC performance in case of spatially colored interference. Explicit rank adaptation is not modelled, however, we provide results for both fixed rank-1 and rank-2 cases. Link adaptation is used in all cases.
Figure 2 shows the results for rank-1 and rank-2 for all simulated UE-RS patterns. For rank-1, there is a minor gain from reduced density patterns mainly at high SINR above 20 dB, while at low SINR, there is a loss as can be expected. For rank-2 similar observations can be made, however in rank-2 case the crossover point, where the gain starts to be visible is at even higher SINR range. What can be further noted is that to avoid a total collapse in performance at low SINR, each PRB pair should contain at least 6 UE-RS REs, hence only patterns #1 and #2 seem feasible. In Figure 3 we further plot the results for rank-1 and rank-2 for patterns #1 and #2 into the same figure to clearly illustrate that the gains of reduced density patterns are visible only at a very high SINR. Hence we conclude that UE-specific RS overhead reduction is a peak data rate enhancement technique which comes with a slight loss at low SINR (and of course with added UE complexity). It is further noted that we did not include 256QAM in the link adaptation in these results, nor did we model EVM impacts. Both of these might further offset the gains at higher SINR values.
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Figure 2. Link-level performance with the reduced density UE-RS patterns for rank-1 (left) and rank-2 (right).
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Figure 3. Rank-1 and rank-2 plotted in the same figure for patterns #1 and #2.
Observations:

-
At low SINR, reducing UE-specific RS overhead implies a loss in link-level performance.
-
The existing UE-specific RS pattern is well balanced to enable both proper channel and interference estimation at UE side.

-
Small gains are observed only at very high SINR clearly above 20 dB.
-
UE-specific RS overhead reduction is hence only a peak data rate enhancement.
-
Introduction of 256QAM could further reduce the gains from RS overhead reduction.

4
Conclusions

In this contribution we have discussed UE-specific RS overhead reduction and provided our link-level simulations on the topic. Our simulations show a loss from reduced density RS patterns at low SINR range and gains start to be visible only at very high SINR clearly above 20 dB when 256QAM is not included. Since UE-specific RS overhead reduction seems to be only slightly enhancing peak data rate while penalizing UEs at low SINR, our conclusion is that UE-specific RS overhead should not be reduced.

Observations:

· Reduced overhead patterns provide only a peak data rate increase of a few percent.
· Release 11 UE-specific RS pattern provides a good balance between overhead and channel/interference estimation performance also in small cell scenarios.
Proposal:

· Downlink UE-specific RS overhead shall not be reduced.
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Appendix A – Simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	3.5 GHz

	Antenna configurations, spatial correlation
	2x2, low correlation

	Channel model / Doppler spread (Hz)
	EPA, 10 Hz

	Interference model
	One interfering cell modeled, including CRS interference, with DIP=-1.7 dB

	PDSCH resource allocation
	6 PRBs

	Transmission scheme / mode
	Closed-loop fixed rank-1 / rank-2 transmission / TM10

	HARQ
	Enabled, up to 4 transmissions

	Link adaptation
	Enabled (QPSK, 16QAM, 64QAM), OLLA enabled

	Codebook for CL-MIMO
	Rel-10 codebook for 2-Tx

	PMI granularity
	Wideband

	CQI granularity
	Narrowband

	PMI/CQI reporting delay
	6 ms

	PMI/CQI reporting periodicity
	5 ms

	Channel estimation for feedback
	CSI-RS: Realistic channel estimation

	Channel/interference estimation for demodulation
	UE-RS: Realistic channel estimation, realistic interference estimation

	Quasi-colocation behaviour
	Behaviour A

	UE receiver
	LMMSE-IRC

	Overhead
	2 Tx CRS

2 Tx CSI-RS / 5 ms

2 PDCCH symbols

1 or 2 UE-specific RS ports


