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Discussion and Decision
1. Introduction
It was identified from small cell enhancement – physical layer SID [1] that the candidate techniques for enhancing the spectral efficiency for small cells include higher order modulation (i.e., 256QAM), enhancement/overhead reduction for DM-RS and control signaling. It is then desirable to firstly agree on evaluation methodology for such techniques to study the feasibility and to compare candidate solutions against baseline efficiently and objectively. 

In this contribution we discuss the evaluation methodology for 256QAM, DL DM-RS overhead reduction and UL DM-RS overhead reduction, respectively.
2. DL higher order modulation
Considering potentially incurred standard impact (e.g., CSI feedback format, DCI format, etc.), 256QAM should prove clear performance gains taking practical conditions into consideration. In the transmitter side, the RF hardware noise, e.g. the error vector magnitude (EVM) noise should be taken into account, because the constellation points for 256QAM are comparatively much closer together and the performance would be more sensitive to the noise. Fig.1 shows a typical communication link with EVM noise and other impairments modeled.
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Fig.1 Communication link including noise + interference sources as well as impairment modeling
For RAN1 to study the performance gains by introducing higher order DL modulation, appropriate quantitative modeling of different noise and interference sources will be essential. We therefore suggest to request input from RAN4 on the reasonable quantitative impairment modeling at the eNB transmitter (e.g. EVM) as well as UE receiver (e.g. noise figure).
Proposal1: RAN1 send RAN4 an LS to ask for suitable eNB transmitter and UE receiver impairment parameters, e.g. eNB TX EVM and UE noise figure, which have an impact on the achievable DL peak-data-rate increase by introducing 256QAM.
The common parameters for link and system level simulation should follow the definition in AI 7.3.5.1, as described in our companion contribution [3]. The performance metric and some specific assumptions for 256QAM modulation might be needed besides e.g. the TX EVM assumptions,

· The link level simulation should at least identify depending on the SINR value/G-factor how much gain in terms of single user throughput can be achieved by adding 256QAM MCS levels. The CQI for 256QAM could firstly select some typical code rate values for link adaptation, with the spectral efficiency equal or larger than that from CQI index 15 in current specifications. Considering typically there is a low number of UEs under small cell coverage, the resource allocation for the simulated UEs in link level simulator should take wideband resource allocation as the main case. 

· The system level simulation should treat sparse/dense, indoor/outdoor small cell scenarios, to firstly identify which scenario(s) can potentially benefit from the use of 256QAM. Such evaluations should include cell throughput and may also 95% of user throughput. 
The proved single user throughput performance gains from which SINR values shown in the link level could be a reference value for system level simulation to identify the target applicable scenarios, for example according to the system-level SINR distribution in each simulated scenarios. To be more specific, if the SINR/G-factor distribution in one individual scenario indicates that there is much less probability to go beyond the required SINR reference value, then it is questionable to obtain the reasonable system-level throughput gain by using 256QAM. Considering this kind of logic and in order to limit the required detailed system level investigations, it is proposed to have two evaluation stages,
· First stage feasibility study, to examine the single user throughput gains from link level studies including the above mentioned impairment modeling and identify system level scenarios which could benefit from the 256QAM introduction, e.g., based on SINR distribution obtained from system level simulation. 
· Second stage feasibility study, to examine the cell and user throughput performance from system level evaluation for the identified scenarios having the potential to benefit from the 256QAM introduction.
Proposal2: The feasibility study on 256QAM introduction should consist of two stages. The first stage is to evaluate single user throughput gains including impairment modeling and identify the target system level scenarios that potentially could benefit from the 256QAM introduction. The second stage is mainly the cell throughput performance evaluation by means of system level investigations.
3. DM-RS overhead reduction
Small cells are characterized by a number of specific radio propagation properties. Since the cell radius of small cells is typically much smaller than the radius of macro cells, the radio propagation loss is also much smaller in small cells. Similarly, it appears that the delay spread of the channel is also much smaller in small cells and, hence, the coherence bandwidth of the channel is correspondingly larger. In addition, it may be safe to assume that the vehicular speed of UEs served by small cells is smaller compared to wide-area macro deployments. All these channel properties stemming from the geometry of small cells may be utilized in increasing the spectral efficiency of the network employing small cells.
One candidate method to increase the spectral efficiency, along with an increasing of modulation order, is to reduce the overhead due to demodulation reference signals (DM-RS). Due to lower vehicular speeds of UEs and increased coherence bandwidth of the radio channel, the density of DM-RS could be reduced both in time and in frequency. The gain mechanism for DM-RS overhead reduction is that the reduced DM-RS REs are utilized by PDSCH/PUSCH REs. 
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Fig.2 Examples of DM-RS overhead reduction
Figure 2 gives examples of DL DM-RS overhead reduction where the grid marked with DM-RS REs are utilized for PDSCH transmission. However, reduced DM-RS density decreases channel estimation quality, which may finally result in PDSCH decoding performance loss. Hence, the tradeoff between PDSCH decoding performance and reduced DM-RS density should be carefully investigated with a combination of link level & system level investigations:

· On the first stage, link level study will focus on the throughput curves with link adaptation under varying DM-RS density. If results indicate clear potential performance gain, system level investigations are to be carried on the second stage;
· On the second stage, system level study will focus on cell throughput, and 5% and 50% user throughput gain through DM-RS overhead reduction considering different scenarios [2][3].
Proposal3: DM-RS overhead reduction should be evaluated with a two stage feasibility study. On the first stage, link level investigations are used to reach initial estimate on potential gains. On the second stage, system level investigations are used to evaluate the system level throughput gains in terms of cell throughput, 5% and 50% user throughput.
Potential ways to reduce DL DM-RS density include: 

· Time domain DL DM-RS overhead reduction
The left part of Figure 2 illustrates one example of time domain overhead reduction, where DM-RS density in time domain is reduced. Time domain overhead reduction is typically associated with low mobility, where channel remains less changed for longer time than that for medium and high mobility. Hence, investigations on time-domain overhead reduction should focus on low UE mobility, as already identified in the study item description [1].
·  Frequency domain DL DM-RS overhead reduction
The right part of Figure 2 also illustrates one example of frequency domain overhead reduction, where the DM-RS density in the frequency domain is reduced. Frequency domain DM-RS overhead reduction may be feasible because the delay spread in small cells is typically smaller than that in macro cells due to the different propagation conditions. 

However, compared to the time domain overhead reduction, frequency domain overhead reduction is more sensitive to the channel model assumptions, in particular regarding the delay spread. Therefore it is important to maintain the channel estimation quality for varying channel types. One technique that could mitigate this potential issue is PRB bundling, which aggregates DM-RS REs across bundled PRBs to estimate the channels assuming bundled PRBs using same DL DM-RS precoding at the eNB. 

It is worthy to notice here that, for Rel-9 ~ Rel-11, per-PRB based channel estimation is always assumed on the UE side for TM 8-10. In case PRB bundling is enabled to compensate the demodulation performance loss due to frequency domain DMRS overhead reduction, this would require changes to UE behaviour and reduce the freedom in eNB scheduling and frequency-domain link adaptation. Thus we suggest RAN1 to study whether or not per-PRB based channel estimation shall be enabled for small cell deployments.

It should be observed as well that even though 256QAM and reduced DM-RS overhead are separate techniques for increasing spectral efficiency in small cells, the reduced channel estimation performance might impact the achievable gains when jointly utilizing DL DM-RS overhead reduction and 256QAM. Hence, RAN1 should consider in a later stage the trade-offs on combining both techniques for spectral efficiency improvements. 
Likewise, the density of UL RS could also be reduced both in time and in frequency. For example, the second DM-RS symbol in a subframe could be dropped in small cell environments. However, such a dropping scheme and related control mechanism should be carefully designed so that a fallback to existing scheme for reliability and, for example, a successful multi-user (MU) pairing with legacy UEs can be guaranteed. In addition, the density of RS may possibly also be reduced in frequency but, in that case, a careful analysis is needed to guarantee that the achievable gain in spectral efficiency is properly balanced with the required standardization and implementation efforts of this feature. 

In regard to UL DM-RS and SRS signals in an uplink subframe structure, the channel properties of small cells may open up new possibilities in accommodating the UL DM-RS and SRS signals fully or partially into the same time-frequency resources. Again, such approaches should be carefully analyzed so that the gain is properly balanced with the required standardization and implementation efforts and that the backwards compatibility is always guaranteed. In overall, there seems to exist many interesting opportunities in reducing UL RS overhead in small cells but more analysis and performance simulations are needed in going forward.

Proposal4: DM-RS overhead reduction in time and frequency domain should be studied. In the study, also reliability is considered in addition to performance gains and standard impacts. Considering especially a DL DM-RS reduction in frequency domain, it is FFS whether UE should assume per-PRB DM-RS channel estimation or if allowing PRB bundling.

4. Conclusions

In this contribution we discussed the evaluation methodology for the techniques to enhance the small cell spectral efficiency, and would like to propose the following,
For 256QAM:
Proposal1: RAN1 send RAN4 an LS to ask for suitable eNB transmitter and UE receiver impairment parameters, e.g. eNB TX EVM and UE noise figure, which have an impact on the achievable DL peak-data-rate increase by introducing 256QAM.
Proposal2: The feasibility study on 256QAM introduction should consist of two stages. The first stage is to evaluate single user throughput gains including impairment modeling and identify the target system level scenarios that potentially could benefit from the 256QAM introduction. The second stage is mainly the cell throughput performance evaluation by means of system level investigations.
For DM-RS overhead reduction:
Proposal3: DM-RS overhead reduction should be evaluated with a two stage feasibility study. On the first stage, link level investigations are used to reach initial estimate on potential gains. On the second stage, system level investigations are used to evaluate the system level throughput gains in terms of cell throughput, 5% and 50% user throughput.
Proposal4: DM-RS overhead reduction in time and frequency domain should be studied. In the study, also reliability is considered in addition to performance gains and standard impacts. Considering especially a DL DM-RS reduction in frequency domain, it is FFS whether UE should assume per-PRB DM-RS channel estimation or if allowing PRB bundling.
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